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Editorial on the Research Topic
 Understanding Trajectories and Promoting Change From Early to Complex Skills in Typical and Atypical Development: A Cross-Population Approach



Theoretical perspectives such as neuroconstructivism, dynamical systems, or developmental cascades (Thelen and Smith, 2007; Karmiloff-Smith, 2009; Iverson, 2010; Masten and Cicchetti, 2010) suggest that early perceptual, motor, cognitive, and communicative skills are related in development with cascading effects of one domain on multiple, seemingly unrelated domains. In particular, dynamical systems views emphasize that development is experience-dependent, characterized by a continuous interplay between the developing individual, their structural and functional constraints, and their social and physical environments. In recent years, several empirical studies have reported findings supporting these theories, showing that sensory and motor development may influence cognitive skills, language, social interaction, literacy development, numeracy, and academic achievement (e.g., D'Souza et al., 2017; Libertus and Hauf, 2017; Zuccarini et al., 2017). These findings suggest that early developmental risk factors may depend on the interplay among genetic, biological, and environmental factors (Sansavini et al., 2011; LeBarton and Iverson, 2016; Thomas et al., 2020). Taking such an integrative view of development raises several important questions. For example, early identification of children at risk, their developmental trajectories, possible sub-optimal outcomes, and effects on the environment as well as the role of protective factors or the effectiveness of various early interventions need to be more deeply investigated across different developmental domains and populations.

By referring to the above integrative view, the current Research Topic includes 21 articles covering theoretical and applied perspectives on three main issues: (i) cascading effects of early motor, perceptual, attention, communicative, language, and cognitive skills, (ii) impact of environmental factors (e.g., caregivers' behaviors, interventions, and cultural contexts) on development, and (iii) cross-domain relations. These issues are investigated across populations with typical, at risk or atypical development.


CASCADING EFFECTS OF EARLY MOTOR, PERCEPTUAL, ATTENTION, COMMUNICATIVE, LANGUAGE AND COGNITIVE SKILLS

Several contributions examine the cascading effects of early motor, perceptual, communicative, language, and cognitive skills. Two articles provide an overview of this area by reviewing the existing literature. Gonzalez et al. review the predictive capacities of gross and fine motor skills for language outcomes in typical development from birth up to 5 years of age. The review highlights that changes in motor development provide children with new learning opportunities to interact with objects, their environment, and caregivers, with both gross and fine motor skills related to language outcomes. Similarly, Vissers et al. review the development of inner speech. They identify a fourth stage, i.e., condensed inner speech, and argue that inner speech impairment may account for cognitive deficits in children with developmental language disorder, hearing loss, and autism. Implications for assessing and stimulating inner speech during interventions in clinical populations are discussed.

In addition to these reviews, several empirical studies report new results on the cascading effects of development in one domain on other domains contributing to identifying early predictors of developmental delays. Zuccarini et al. examine the intra-domain and cross-domain cascading effects of early gross motor skills on later motor and cognitive development in infants born extremely preterm and full-term. Gross motor skills at 6 months of age relate to gross motor, fine motor, and cognitive skills at 12 months and predict gross motor delays. These findings highlight the importance of assessing gross motor, fine motor, and cognitive skills early, especially in extremely preterm children. Bettoni et al. find associations between the ability to learn and generalize abstract rules from sequences of visual shapes at 7 months of age and grammatical skills at 2 years of age, providing one of the first pieces of evidence that rule learning mechanisms are involved in language acquisition and can act as an early neurocognitive marker for language impairments. van Baar et al. examine early attention problems that can hinder cognitive and socio-emotional development. Their results show that lower attention skills at 18 months predict slower cognitive development at 24 months suggesting that assessments of early attention capacities can be useful predictors for development across domains. Luke et al. also examine the predictive value of early skills for later development by focusing on early communicative skills such as pointing and iconic gestures. Their results show that index-finger pointing at 12 months and comprehension of iconic gestures at 3 years of age predict language skills between 5 and 6 years of age in typically developing children and children with a language delay or developmental language disorder. Sansavini et al. focus on the role of deictic, iconic, and representational gesture production at 18 months in order to identify language delays between 18 and 36 months in children with genetic or biological risks and low-risk peers. Their results reveal that low rates of pointing at 18 months are a marker of language delay both in siblings of children with autism spectrum disorder and in extremely preterm children. The findings of both Luke et al. and Sansavini et al. support the assumption of an integrated speech–gesture communication system, with limited pointing production acting as an early marker of language delay.

Two further studies examined the relations between language and cognitive skills at preschools age and oral and written language skills at school age. Perez-Pereira et al. examine through a mediation model the relation among executive functions at age 4 and 5, language measures and phonological awareness at age 5, and reading abilities at age 9 in low-risk preterm children compared to full-term children. Their findings demonstrate that at age 9 single word reading is directly related to preschool syllabic awareness, whereas written text comprehension to preschool working memory and syntactic comprehension. Ebert bring new evidence of the relation between early language and socio-cognitive (i.e., theory of mind) skills at preschool age and higher-order metacognitive and language skills at school age up to early adolescence, highlighting through a mediation model, that oral text comprehension in early adolescence is related to earlier mental state language, language skills and theory of mind, whereas written text comprehension to same age oral text comprehension and earlier mental state language and metacognitive knowledge.



IMPACT OF ENVIRONMENTAL FACTORS ON DEVELOPMENT

Several studies reported in this Research Topic examine the impact of environmental factors (e.g., caregivers' behaviors, interventions, and cultural contexts) on development. Provenzi et al. provide a review of evidence supporting the application of Video-Feedback Intervention with parents of children with neurodevelopmental disabilities (e.g., cerebral palsy, sensory and/or psychomotor delay, and genetic syndromes). The review, including 10 records from the late 80's up to 2020, suggests that the application of Video-Feedback Intervention is associated with better children communicative, cognitive and social outcomes, reduced behavioral problems and increased parental caregiving skills; however, it also raises several methodological questions highlighting the need of further evidence-based clinical practice.

Besides this review, several empirical studies report new results on the role of environmental factors on early development. Della Longa et al. show that 5-month-old infants, stroked with a brush at slow velocity, display a preference for a visual–tactile synchronous video. These findings suggest that affective touch might play a critical role in the early development of bodily self-awareness and the distinction between one's self and others with potential cascading effects on the development of interpersonal engagement and social cognition abilities. Neri et al. examine the impact of the severity of low birth weight, as well as of maternal anxiety at 3 months of infants' corrected age, on infants' outcomes during the first year postpartum. Their results show that the severity of low birth weight impacts on performance quotient contributing to lower scores with respect to full-term infants, as well as on hearing and language and locomotor scores in interaction with maternal anxiety (i.e., tendency to worry) contributing to decreasing scores during the 1st year of life. These findings suggest that interventions targeting parental functioning may be particularly effective for infants born preterm or with low birth-weight. Oudgenoeg-Paz et al. investigate cross-cultural differences in Dutch and Israeli parental practices and beliefs related to motor development in the 1st year of life. They note that Israeli parents practice infant prone positioning more, whereas Dutch infants spend substantially more time in the playpen, highlighting the cultural diversity of parental practices and their significant impact on infant motor developmental trajectories.

Three other studies examine the impact of environmental experiences on numerical development at preschool age. Bernabini et al. examine the role of home numeracy activities, parents' and children's cognitive and linguistic skills and Approximate Number System (ANS), i.e., the ability to estimate and compare numerical quantities without counting, in supporting early math skills in children in their last year of kindergarten. They show that home numeracy activities and children's ANS skills predict children's early math skills better than parent and other child variables. Similarly, Libertus et al. investigate the effect of a visual ANS training on math abilities, comparing it to a phonological awareness training. Children who completed visual ANS training show significant improvements in auditory ANS precision and math ability compared to children who completed phonological awareness training. These results provide evidence of an early modality-independent ANS that seems causally linked to math ability. Furthermore, Pellizzoni et al. found substantial differences in executive functions (i.e., working memory and inhibitory control) and early numerical abilities (i.e., counting, digit quantity mapping, and digit naming skills) between deprived groups of children, i.e., Yazidis and Syrian refugees attending psycho-social-support activities in their countries, and Italian children attending the 3rd year of kindergarten, highlighting the heavy impact of living in socio-economically disadvantaged and deprived contexts on cognitive development and the need of tailored interventions for these children.



CROSS-DOMAIN RELATIONS IN POPULATIONS WITH ATYPICAL DEVELOPMENT

Lastly, some papers investigate cross-domain relations in populations with atypical development. Two studies examine emotional and cognitive processes in individuals with Down Syndrome and a matched typically developing group. Roch et al. analyze the recognition of basic emotional expressions from faces and words highlighting similar developmental trajectories in the two groups, as far as the processing of simple visual and linguistic stimuli conveying basic emotions is concerned. Mento et al. focus on the ability to implicitly build up subjective statistics of events' temporal structure in order to prepare for future actions. They find that individuals with Down Syndrome are not sensitive to global rule change, while a group of typically developing matched individuals is sensitive to global rule change suggesting that the use of flexible cognitive mechanisms to implicitly extract high order probabilistic rules to build-up internal models of event temporal properties is disrupted in individuals with Down Syndrome. Together, the findings from these two studies may contribute to better educational and psychological interventions targeting emotion and cognitive processes for individuals with Down Syndrome.

Three other studies investigate symptomatologies in neurodevelopmental or psychopathological disorders. Giovagnoli et al. investigate the relation between developmental dyslexia and internalizing symptomatology highlighting an increased level of self-perceived anxiety, depression and somatic symptoms in adolescents with respect to primary school children. In adolescents with dyslexia, high levels of internalizing symptoms are associated with low self-esteem and hyperactivation to problematic situations. By contrast, low symptom severity is associated with positive relationships with peers suggesting that remediation programs for dyslexia should include implementing motivation strategies, self-esteem enhancement activities, and building peer networks. Carta et al. investigate comorbidity between attention-deficit/hyperactivity disorder and autism spectrum disorder highlighting the role of externalizing problems in identifying a clinical intermediate phenotype. Indeed, youths with co-occurrence of these two disorders show externalizing problems lower than youths with attention-deficit/hyperactivity disorder but higher than youths with autism spectrum disorder. Finally, Zhou et al. examine relations between childhood emotional abuse and adult depressive symptoms finding a significant association that is mediated by neuroticism, worsening the prognosis of depression, and by the use of social support and active coping style, playing a protective role for depression. This tentative model for the etiology of depression in adulthood should be verified with a large-scale prospective study.



CONCLUSIONS

This Research Topic focuses on new research perspectives, methodologies, and protocols to understand trajectories and promote change in typical, at-risk, and atypical development. The interplay between early skills and the environment and the connections between theoretical and intervention models with an interdisciplinary, cross-domain and cross-population approach are addressed. These findings have important implications for clinicians and practitioners, who should take into account the specific characteristics of individual and interacting learning processes in planning interventions.
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Background: Exposure to childhood abuse has been identified as a salient risk factor for the development of depression. However, the mediating factors between childhood abuse and depressive symptoms have not been sufficiently elucidated. This study aims to investigate the mediating effects of neuroticism, social support, and coping style between childhood abuse and depressive symptoms in population covering general adults, depressed patients, bipolar disorder patients, and high risk population for depression.

Methods: This is a cross-sectional study. Five validated questionnaires were used to measure the psychological outcomes (Childhood Trauma Questionnaire CTQ-SF, Eysenck Personality Questionnaire EPQR-S, Social Support Rating Scale SSRS, Simplified Coping Style Questionnaire SCSQ, and Patient Health Questionnaire-9 PHQ-9) of 312 participants. Multiple regressions and structural equation modeling (SEM) were used to conduct data analysis.

Results: Multiple regression analysis and SEM showed a significant association between childhood emotional abuse and depression symptoms. Neuroticism, use of social support, and active coping style were important mediating variables of this association. The R2 for our model was 0.456, indicating that 45.6% of the variability in depressive symptoms can be explained by the model.

Conclusion: This study suggested that neuroticism, active coping, and use of social support play important role in mediating the effects of childhood abuse on adult depressive symptoms.

Keywords: childhood abuse, depression, neuroticism, social support, coping style


INTRODUCTION

Both the high prevalence and heavy burden of mental disorders have been recognized worldwide. Childhood abuse is a major public health problem that has immediate adverse impacts and long-term negative effects on mental health (McCabe et al., 2018; Xie et al., 2018). Robust associations have been documented for retrospectively reported childhood maltreatment and adult mental disorders in numerous studies. For example, recent studies pointed out that 33% of the risk for psychosis and 22.9% of the risk for mood disorders can be attributable to childhood maltreatment (Kessler et al., 2010; Varese et al., 2012; DeRosse et al., 2014). The nationally representative epidemiological surveys conducted by World Health Organization (WHO) indicated that 38.8% of the respondents reported some form of childhood adversity (Kessler et al., 2010). The result of another epidemiological study suggested that in a predictive sense, childhood adversities explain the incidence of up to 32.4% of all psychiatric disorders in adulthood (Green et al., 2010). Substantial evidence from meta-analyses both of cross-sectional and prospective studies also found that childhood abuse was strongly associated with the development of depressive symptoms in adulthood (Lindert et al., 2014; Infurna et al., 2016). However, the mediating factors between childhood abuse and depressive symptoms have not been sufficiently elucidated. Therefore, identifying etiology processes involved in this pathway may contribute to finding effective strategies for depression prevention (Scheuer et al., 2018).

Personality is considered to be a major factor in determining psychological wellbeing (McHugh and Lawlor, 2012; Mannino et al., 2015; Granieri et al., 2017; Sideli et al., 2018). The empirical evidence that childhood maltreatment increases the risk for developing maladaptive personality traits has been documented in previous research (Rogosch and Cicchetti, 2004; Hengartner et al., 2015). The heterogeneous developmental trajectories of personality patterns during childhood have been proposed as an underlying mechanism to explain the relationship of childhood abuse with psychopathology in adult (Kim et al., 2009). Both in MDD patients and in nonclinical general adult population, the mediator effect of personality traits on the association between childhood abuse and depressive symptoms severity has been discovered with SEM (Nakai et al., 2014; Toda et al., 2016). Researches have shown that childhood maltreatment was consistently associated with high neuroticism (Moran et al., 2011; Mc Elroy and Hevey, 2014; Hengartner et al., 2015; Hovens et al., 2016). Neuroticism, one of the major temperamental basic personality traits, implies negative affectivity or negative emotionality (Watson et al., 2005). It is listed as a well-established risk factor for the onset of MDD in the DSM, Fifth Edition (DSM-5) (Robinson et al., 2014). Neuroticism, indicating a tendency to have unrealistic ideas, an inability to control urges, and inefficient ways of coping with stress, attributes to an increased risk of affective disorders (Ormel and Wohlfarth, 1991; Spinhoven et al., 2010). Many studies suggested that personality characteristics, especially neuroticism (Kendler and Gardner, 2011), appear to be a mediating factor in the relationship between childhood abuse and major depression (Nakai et al., 2014; Schulz et al., 2017).

Social support involves affection and warmth, which helps individuals with building resilience and coping with adverse circumstances effectively. By offering feelings of being accompanied and greater immunity toward negative mental health outcomes associated with childhood maltreatment (Reinelt et al., 2015), social support can play an important role in protecting against mental disorders (Sperry and Widom, 2013; Lagdon et al., 2018). For example, Lagdon et al. (2018) reported that individuals who perceived greater social support were significantly less likely to develop depression in a group of university students who had experienced childhood maltreatment. Similarly, Seeds et al. (2010) investigated the mediating role of social support between childhood maltreatment and adolescent depression and found that adolescents who experienced abuse might feel that they were isolated from their support system and others would be unavailable when they need assistance. In addition, it has been evidenced from a prospective cohort design study that social support plays a significant role in mediating and moderating the relationship between childhood abuse and subsequent outcomes (Sperry and Widom, 2013). On the other hand, childhood maltreatment was associated with an increased risk of perceived social isolation due to low self-esteem and distrust of others (Spinazzola et al., 2005; Sheikh, 2018). Previous researches have documented that it is difficult for survivors of childhood maltreatment to establish secure attachments to others (Pepin and Banyard, 2006; Whisman, 2006). Children with abuse histories are more aggressive and less intimate when interacting with others (Haskett and Kistner, 1991; Bolger et al., 1998). All this in turn will result in lower perceived social support from friends and family (Colman and Widom, 2004; Kim and Cicchetti, 2010).

The level of social support acts as the possible mediator of personality and depression (Gullo et al., 2015; Mannino et al., 2015). It is possible that social support affect the extent to which personality dimensions networks affect mental health outcomes. Due to different socialized tendencies, individuals with high neuroticism tend to perceive and elicit lower social support to keep mental wellbeing compared with people who are high in extroversion (McHugh and Lawlor, 2012). The studies of Kendler found that high levels of neuroticism also predicted low levels of social support and high risk of major depression (Kendler et al., 2002, 2006). The study of Finch and Graziano (2001) found that perceived satisfaction with social support and social exchanges are playing mediating role of the association between neuroticism and depression. This is because neuroticism influences the formation and maintenance of supportive social relationships and interferes with the reception of social support (Lahey, 2009). Social support is proved to be associated with depression and mediates the relationship between neuroticism and depression (Finch and Graziano, 2001).

Perceived social support is a classical coping resource, which appears to influence coping strategies adopted by people under stress. Another study also argued that active coping strategies are conducive to positive psychosocial outcomes (Hill et al., 1995). Positive coping style was negatively associated with depression (Falgares et al., 2019). As mentioned earlier, adults who reported childhood abuse may have less ability or opportunity to seek support, and this implies that they are less likely to enact positive coping methods when dealing with adverse events (Kong and Moorman, 2015). Lazarus and Folkman (1984) proposed social support–stress–coping paradigm hypothetical model, which has been previously cited as a conceptual framework to explore the relationship among social support, coping style, and drug abuse (Nyamathi et al., 1995). Previous studies emphasized coping strategy’s mediating role between social support and individuals’ adjustment outcomes like depression (Fleishman et al., 2000; Rayburn et al., 2005). Individuals who have adequate social support will be more inclined to use positive coping strategies because they believe their social relationship could give full support and their coping efforts are more effective (Dunkel-Schetter et al., 1987).

Therefore, we thought it was important to analyze the interactions among the five factors: childhood abuse, neuroticism, social support, coping style, and depressive symptoms. Previous studies have documented that the effects of childhood abuse on depressive symptoms and the mediating factors between them were analogous both in MDD patients and general adults (Enns et al., 2000; Nakai et al., 2014, 2015; Toda et al., 2016; Ono Y. et al., 2017). No study has ever included all the four risk factors in one path analysis to detect the influence order and calculate the total effect of them on the depressive symptoms. This research aims to establish a SEM and examine the direct and indirect relationships among childhood abuse, neuroticism personality, social support, coping strategies, and depression symptoms in the population covering general adults, depressed patients, bipolar disorder patients, and high risk population for depression. SEM can provide theory-based models for understanding complicated relationships between multiple factors and further clarify the etiology of depressive symptoms affected or caused by childhood maltreatment. Based on previous findings from the literatures, we build a theoretical model (Figure 1) and hypothesized that childhood abuse affects depressive symptoms through neuroticism, social support, and coping style in turn.
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FIGURE 1. The hypothesis. SEM of the hypothesis of this study. In this model, childhood abuse, neuroticism, social support, and coping style predict depressive symptoms.





MATERIALS AND METHODS

Sample

This study was conducted between January 2014 and December 2017. Depressed patients and bipolar disorder patients were recruited from outpatient clinic of Beijing Anding Hospital. Beijing Anding Hospital is a university-affiliated teaching hospital in China that serves a population of approximately 19 million people and has 1100 outpatient visits daily. Volunteers for general adults and high risk population for depression were recruited through advertisement in communities and the hospital.

Patients with depression were eligible for the study if they were: (1) male or female aged 18–55 years, inpatient or outpatient; (2) met DSM-IV diagnostic criteria for depression and ascertained by the Chinese version of the MINI Version 5.0 modules on major depression; (3) not being treated with any psychiatric medications (e.g., antidepressants) in the last 2 weeks; (4) primary school education level or above; (5) patient or legal guardian signed the informed consent; and (6) course of disease is more than 8 years, experienced at least three depressive episodes, with no history of mania or hypomania. The exclusion criteria for patients with depression were: (1) current or previous diagnosis of other psychiatric disorders (e.g., schizophrenia); (2) depressive disorder secondary to organic etiology; (3) severe and unstable physical disease leading to inability to complete the questionnaire survey and assessment; (4) history of alcohol or psychoactive substance abuse within the last year; (5) pregnancy, lactation, or use of contraceptive drugs; (6) current serious suicidal thoughts; (7) epilepsy and other organic brain disorders; and (8) treatment with twitch or magnetic stimulation treatment in the past 3 months.

Volunteers for general adults were eligible for the study if they were: (1) male or female aged 18–55 years, (2) no current or previous mental disorder diagnoses, (3) primary school education level or above, (4) normal intelligence (i.e., no diagnosis of intellectual disability), and (5) signed the informed consent. The exclusion criteria for the general adults were: (1) chronic physical disease; (2) long-term use of painkillers; and (3) pregnancy, lactation, or use of contraceptive drugs.

Bipolar disorder patients were eligible for the study if they were: (1) male or female aged 18–55 years, inpatient or outpatient; (2) primary school education level or above; (3) met DSM-IV diagnostic criteria for bipolar disorder and ascertained by the Chinese version of the MINI Version 5.0 modules on bipolar disorder; (4) not treated with any psychiatric medications in the last 2 weeks; and (5) patients or their legal guardian signed the informed consent. The exclusion criteria for the bipolar disorder patients were: (1) current or previous diagnosis of other psychiatric disorders (e.g., schizophrenia); (2) bipolar disorder secondary to organic etiology; (3) severe and unstable physical disease leading to inability to complete the questionnaire survey and assessment; (4) history of alcohol or psychoactive substance abuse within the past year; (5) pregnancy, lactation, or use of contraceptive drugs; (6) current serious suicidal thoughts; (7) epilepsy and other organic brain disorders; and (8) treatment with twitch or magnetic stimulation treatment in the past 3 months.

High risk population for depression was eligible for the study if they were: (1) male or female aged 18–55 years, inpatient or outpatient; (2) did not meet DSM-IV diagnostic criteria for MDD; (3) depressive mood and at least one of the other eight symptoms of depression; (4) categorized in at least one of three high risk groups including (4a) adults whose children are diagnosed of mental dysfunction, autism spectrum disorder, or physical disability for more than 1 year [parents of children with severe mental illness or physical disability were at greater risk of having depression (Xiong et al., 2011; Cohrs and Leslie, 2017)], (4b) adults who were clearly diagnosed with hypertension, diabetes, chronic pain, or cancer in the past month [comorbid severe chronic illness and depression is a gradually recognized clinical problem (Holt et al., 2014; Graham and Smith, 2016)], or (4c) medical staff working in the emergency department for the past 3 years [studies indicated that staff members working in emergency units are in high risk of depression and anxiety (Bennett, 2004; Erdur, 2006; Katz et al., 2006)]; (5) primary school education level or above; and (6) signed the informed consent. The exclusion criteria for the high risk population for depression were: (1) current or previous diagnosis of other psychiatric disorders (e.g., schizophrenia); (2) severe and unstable physical disease leading to inability to complete the questionnaire survey and assessment; (3) epilepsy and other organic brain disorders; and (4) pregnancy, lactation, or use of contraceptive drugs.

Ethical approval was obtained from the Ethics Review Committee of the studied hospital. All patients participated on a voluntary basis and gave their written informed consent before data collection.

Measures

Socio-Demographic and Clinical Measures

Relevant socio-demographic characteristics including age, gender, employment status, marital status, presence of children, physical disease, FMDR, and SMDR are considered in the current study.

Childhood Trauma Questionnaire-Short Form (CTQ-SF)

The CTQ-SF consisting of 28 items is a self-report measure developed by Bernstein et al. (1994, 2003). It is adopted to measure the severity of five different types of childhood adversity: EA, SA, PA, EN, and PN. Each subscale is composed of five items and three items are included as a validity scale. The response choices for each item are on a five-point Likert-type scale ranging from 1 = never true to 5 = very often true, plus. The Chinese version has good validity and reliability performed by Zhang (2011).

Eysenck Personality Questionnaire-Revised Short Form (EPQR-S)

Eysenck Personality Questionnaire-Revised Short Form, developed by Eysenck et al. (1985), aims to assess four personality dimensions: extroversion or introversion, psychoticism, lying and dissimulation, and neuroticism. It is comprised of 48 questions, evaluated by the participants with an “agreement” or “disagreement” answers; and the scores of each dimension range from 0 to 12. This study focused on the neuroticism score assessed by the neuroticism subscale (12 items) of EPQR-S, following the method of Kendler et al. (2004). Neuroticism score reflects how anxious, worried, moody, and frequently depressed the subject is. EPQR-S has been widely used in China and has been validated (Qian, 2000).

The Social Support Rating Scale (SSRS)

The SSRS consisted of 10 items. It evaluates three types of social support: objective support, subjective support, and use of social support. Objective social support assesses the extent of practical support that the individual received from the social network. Subjective support is the individual’s level of satisfaction with being respected, supported, and understood by others in their interpersonal environment. Use of social support reflects the individual’s active use of available social supports (Cheng et al., 2008). Higher scores indicate better social support from family, friends, and others. The SSRS has been used in many other studies and proved to have high reliability and validity (Cheng et al., 2008; Gao et al., 2009; Xie et al., 2009; Xu and Wei, 2013; Wang et al., 2015).

Simplified Coping Style Questionnaire (SCSQ)

Simplified Coping Style Questionnaire is a 20-item self-report questionnaire focusing on reflecting participants’ coping tendencies (“active coping” and “passive coping”). Active coping covers the first 12 items and emphasizes the characteristics of positive or active coping. Passive coping covers the remaining eight items and focuses on the traits of negative coping. A four-point Likert scale is used for all items, ranging from 0 to 3 (0 = never, 1 = seldom, 2 = often, 3 = always).The instrument was first developed by Xie (1998) and it has adequate reliability (Li et al., 2014a).

Patient Health Questionnaire-9 (PHQ-9)

The PHQ-9 is a widely used self-reported scale to assess the severity of depressive symptoms in the previous 2 weeks. It has nine items reflecting all nine symptom criteria for MDD as described in DSM-IV (Kroenke et al., 2001). Each item is scored on a four-point Likert scale as 0 = not at all, 1 = several days, 2 = more than half the days, 3 = nearly every day, with a total score ranging from 0 to 27. Higher score means more serious depressive symptoms. The Chinese version of the PHQ-9 has been validated in Chinese samples with substantial internal consistency (Cronbach’s α = 0.89) and well-established psychometric properties (Chen et al., 2013).

Data Analysis

We took three steps to verify our hypothesis that childhood abuse affects depressive symptoms through neuroticism, social support, and coping style in turn. Firstly, we examined the differences in PHQ-9 score between different demographic characteristics using the Mann–Whitney test. Next, Spearman’s rank correlation coefficient and multiple regression analysis for CTQ-SF, EPQR-S, SSRS, SCSQ, and PHQ-9 were computed in SAS9.4 with two-tailed probability value of <0.05 considered to be statistically significant. Finally, we used an SEM approach by AMOS17.0 (IBM Corp., Chicago, IL, United States) to test the theoretical model (Figure 1) relating childhood abuse, neuroticism, social support, coping style, and depressive symptoms.

An SEM was designed based on the hypothesis. In this path analysis, the direct and indirect effects were analyzed using maximum-likelihood covariance estimation. We calculated the indices of goodness of fit to assess the statistical evaluation of the SEM, and a GFI value above 0.90 indicates a good fit. The standardized coefficients were shown.



RESULTS

Demographic Characteristics, CTQ-SF, EPQR-S, SSRS, SCSQ, and PHQ-9 of the Participants

A total of 371 participants were recruited for this study and 59 participants did not complete the questionnaire or had missing key indicators data. 312 participants with complete data were included for data analysis, including 145 depressed patients, 21 bipolar disorder patients, 45 high risk people for depression, and 101 general adults. The mean age was 34.76 ± 10.90 years. There were 130 male (41.67%) and 182 female (58.33%).

We showed the demographic characteristics and the relationships between CTQ-SF, EPQR-S, SSRS, SCSQ, and PHQ-9, respectively, in Table 1. In the effective sample of 312 participants, unemployed status was associated with more severe depressive symptoms (PHQ-9). EA, EN, PN, passive coping scores of SCSQ, and the neuroticism scores were significantly and positively correlated with PHQ-9 score. Three dimensions of SSRS and active coping scores of SCSQ were significantly and negatively correlated with PHQ-9 score.

TABLE 1. Characteristics, CTQ-SF, EPQR-S, SSRS, SCSQ, and correlation with PHQ-9 or effects on PHQ-9 in the participants.
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Stepwise Multiple Regression Analysis of the Explanatory Variables on the PHQ-9

To find out the predictor of the severity of depressive symptoms, stepwise multiple regression analysis was performed and the result was shown in Table 2. Twenty potential factors were retained in the multiple linear regression analysis as listed in Table 1. In the final model, a higher level of EA and neuroticism was intimately associated with a higher level of depression. Active coping and use of social support were found to be negatively associated with depression. Multi-collinearity was denied in the multiple regression analysis. The R2 for our model was 0.456, indicating that 45.6% of the variability in depressive symptoms can be explained by the model.

TABLE 2. The results of stepwise multiple regression analysis of PHQ-9.
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Analysis of the SEM

Based on the hypothesis and the result of multiple regression analysis, a SEM was constructed to examine the relationship among all of the variables. The results of the path coefficients calculated by AMOS are shown in Figure 2. The goodness-of-fit indicators of the model were obtained with GFI = 0.944 and the coefficient of each path was substantially significant. The standardized direct path coefficient of predictors on depressive symptoms was: EA 0.110, P = 0.019, EPQR-S neuroticism 0.509, P = 0.003, the use of social support -0.100, P = 0.045, active coping -0.174, P = 0.002. The standardized indirect path coefficient of predictors on depressive symptoms was: EA 0.208, P = 0.001 (mediated by neuroticism, active coping, and use of social support), EPQR-S neuroticism 0.065, P = 0.002 (mediated by use of social support and active coping), the use of social support -0.086, P = 0.002 (mediated by active coping score). The result of SEM analysis for the model was in accordance with the multiple regression analysis (Table 2) and indicated that the data supported the theoretical model.
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FIGURE 2. Covariance structure analysis in 312 participants. The results of the covariance structure analysis in the SEM with EA (CTQ), neuroticism (EPQ), the use of social support (SSRS), active coping (SCSQ), and depressive symptoms (PHQ-9) in 312 participants from the general adult population. Rectangles indicate the observed variables. The arrows with double lines indicate the statistically significant effects. The numbers beside the arrows show the standardized path coefficients (–1 to +1). CTQ, The Childhood Trauma Questionnaire; EPQ, Eysenck Personality Questionnaire; SSRS, The Social Support Rating Scale; SCSQ, Simplified Coping Style Questionnaire; PHQ-9, Patient Health Questionnaire-9.





DISCUSSION

A main goal of this study was to examine the influence order and calculate the total effect of childhood abuse, neuroticism, social support, and coping style on depressive symptoms. The results from this study indicated that emotional childhood abuse, neuroticism, the use of social support, and active coping style affected depressive symptoms in turn and a total of 45.6% variability in depressive symptoms can be explained by them. In the constructed SEM, coefficient of each path was substantially significant.

As the results indicated, it is childhood EA that is related to depressive symptoms, rather than SA or PA. The result is consistent with earlier findings that EA is differentially associated with depression compared with other types of maltreatment (Gibb et al., 2003; Gibb and Abela, 2007; Calvete, 2014; Shapero et al., 2014; Ono K. et al., 2017). EA refers to the experience of being assaulted, rejected, humiliated, degraded, threatened, terrorized, isolated, or teased in childhood (Shapero et al., 2014). A theory has been proposed that compared with either physical or SA those who experience childhood EA may be more likely to develop negative self-associations and cognitive vulnerability to depression, since the negative evaluations and depressive cognitions are supplied directly to the child during emotionally abusive episodes (Rose and Abramson, 1992; van Harmelen et al., 2010). Antypa and Van der Does (2010) put forward that children experiencing other types of maltreatment (e.g., PA, SA) had to make their own attributions, which may allow more room for less global and more external attributions. Children who reported EA tended to develop a general negative attributional style, and it would contribute to the development of depression.

In this study, neuroticism is an important mediating factor between childhood EA and depressive symptoms. This is in accordance with previous studies that found neuroticism to be associated with childhood abuse in older person (Wilson et al., 2006) and a worse prognosis of depression (Bukh et al., 2016). It is possible that specific forms of childhood abuse are associated with particular personality traits, and neuroticism was especially associated with EA (Li et al., 2014b). Another study documented that childhood EA have possible relation with poor impulse control (Rademaker et al., 2008). Individuals used to be in an emotional abusive environment would use psychological defense mechanism excessively to adjust the contradiction between the reality and internal needs, and this would gradually cause personality deviation (Li et al., 2014b). Most previous researches have focused on childhood PA and SA and their impact on personality (Pitzer and Fingerman, 2010). For example, sexual and PA have strong correlations with antisocial personality disorder and borderline personality disorder (Huang et al., 2012; Zhang et al., 2012). However, this study raises attention to EA and its impact on personality characteristic.

Higher social support plays a protective role against the development of depression (Boen et al., 2012), and it adds a feeling of connectedness. This is in line with the psychosocial theory (Aktan, 2012; Jeong et al., 2013). Our study reported that social support buffers the impact of childhood abuse on depressive symptoms, which is consistent with previous researches (Muzik et al., 2017). However, the research indicated that the impact of support utilization is greater than that of objective support and subjective support. The support will be most effectual when it is sufficiently utilized, suggesting taking effective interventions to increase the ability of utilizing support may contribute mostly to improving depressive symptoms (Shao et al., 2018). Social support is a relatively low-cost intervention. Further investigation of effective and efficient methods to deliver social support interventions and improve the ability of utilizing social support would be worthwhile (Yoo et al., 2017). The pervasive application of social media has changed communication habits among patients and provides the opportunity to access social support online, which will accordingly increase the chance of social support utility.

Social support and coping style are strongly interdependent (Söllner et al., 1999). They are considered as factors that increase resiliency to mental health issues. Positive coping mechanisms such as seeking social support are positively associated with resiliency (Howe et al., 2012; Thompson et al., 2016). The buffering effects of social support on health outcomes are often mediated by the coping behaviors. Higher level of social support may enhance the subject’s fighting spirit and adequate use of social support contributes to more active coping style (Aymanns et al., 1995; Söllner et al., 1999). The regression model (Table 2) and structural analysis (Figure 2) indicated that the interaction between use of social support and active coping style are significantly and negatively correlated with the severity of depressive symptoms. This was in line with the result of a survey conducted among pregnant women after the Lushan earthquake in Ya’an, China, which suggested that the effect of social support on depression was mediated by active coping (Ren et al., 2015). This may be due to the fact that social environment may influence the choice of a specific coping strategy and the effectiveness of the strategy used. People unsatisfied with social support or with lower use of social support tended to utilize avoidant coping style when they were in depressed mood (Schwarzer and Weiner, 1991; Rudnicki et al., 2001).

There are some strengths and limitations of this study. Major strength is that this study covers relatively comprehensive and systematic mediating factors between childhood maltreatment and depressive symptoms, including personality, social support, and coping strategies. Several limitations need to be mentioned as well. First of all, we need to be cautious in the interpretation of the causal inference and directions between study variables. The model was built on the basis of a cross-sectional study rather than a prospective longitudinal study. Secondly, the recall bias should be considered, as the childhood maltreatment was investigated retrospectively using self-report questionnaires.



CONCLUSION

By using SEM in the population covering general adults, depressed patients, bipolar disorder patients, and high risk population for depression, our hypothesis was verified that childhood EA affects depressive symptoms through neuroticism, the use of social support, and active coping style in turn. These analyses presented a tentative developmental model for the etiology of major depression, and a large-scale prospective study will be necessary to test and verify.
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Infants with an older sibling with an Autism Spectrum Disorder diagnosis (Sibs ASD) are at high risk for language delay (LD) as well as infants born preterm, especially those with an extremely low gestational age (ELGA, GA ≤ 28 weeks). Gestures play a crucial role in language development and delays in gesture production may have negative cascading effects on it. The present exploratory study examined gesture production in 18-month-old infants with different underlying risks for LD. Seventy monolingual United States infants (41 Sibs ASD with no eventual ASD diagnosis and 29 infants with a typically developing older sibling -Sibs TD) and 40 monolingual Italian infants (20 ELGA without major cerebral damages, congenital malformations or sensory impairments and 20 full-term - FT infants, GA ≥ 37 weeks) were included. Both groups were followed longitudinally from 18 to 24, 30, and 36 months (corrected for ELGA infants). A 30-minute mother-infant play session with age-appropriate toys was video recorded at 18 months of age. Deictic (requesting, pointing, showing and giving), conventional, and representational gestures spontaneously produced by infants were coded; rate per 10 min was calculated. LD was defined as a score ≤10th percentile on the American English or Italian version of the MacArthur-Bates CDI on at least two time points between 18 and 36 months. Fifteen Sibs ASD and 9 ELGA infants were identified as infants with LD. Sibs ASD-LD and Sibs ASD-no LD produced fewer pointing gestures compared to Sibs TD (p = 0.038; p = 0.004); ELGA-LD infants produced significantly fewer pointing gestures than ELGA-no LD (p = 0.024) and FT (p = 0.006) infants. Low rates of pointing at 18 months are a marker of LD in Sibs ASD and ELGA infants. The potential implications of reduced pointing production and characteristics of different populations at risk for LD should be considered for understanding the emergence of LD.

Keywords: gestures, pointing, early indexes of language delay, infants at risk for ASD, extremely preterm infants


INTRODUCTION

Language development is considered a reliable indicator of development and is related to later school achievements (Nelson et al., 2006). Language delay (LD) can be identified between 18 and 36 months in young children with limited expressive vocabularies, equivalent to the 10th percentile or below compared to normative values, and who are free from cognitive, neurological, socio-emotional, or sensory deficits (Rescorla, 2011). The prevalence of LD in large population-based cohorts ranges from 13 to 20% for 2-year-old children (Zubrick et al., 2007) and from 5 to 12% for children 2 to 5 years old (Law et al., 2000). Among children with LD, the majority develops language skills in the average range by 3–4 years onward, although maintaining lower scores than their peers, but some persist with LD that will affect later school achievements (Rescorla, 2011). Early identification of children at risk for language delay (LD) is thus important for intervention and improvement.

The risk of exhibiting LD is greater in populations characterized by perinatal risk factors (infants born preterm; Law et al., 2000; Nelson et al., 2006) or by genetic factors (younger siblings of children with autism spectrum disorder; ASD; e.g., Ozonoff et al., 2014). These two at-risk populations are characterized by high interindividual variability, with about 30–40% of infants developing a LD (Ozonoff et al., 2014; Sansavini et al., 2014; Iverson et al., 2018). Thus, it is important to examine whether early communicative indices exist in these populations that can identify infants with LD. The present exploratory study intends to address this issue focusing on these two populations characterized by different underlying biological and environmental risks for LD, i.e., infants who have an older sibling with ASD (Sibs ASD) and infants born extremely preterm (extremely low gestational age- ELGA), compared to typically developing (TD) comparison groups, i.e., infants with a typically developing older sibling and no family history of ASD (Sibs TD) and full-term infants (FT), respectively. Finding a common communicative index of LD that can be utilized at 18 months across different populations can increase our understanding of typical and atypical language development and permit early identification of infants with LD and, consequently, early planning of customized interventions. In addition, analyzing the emergence of LD in two populations with different underlying biological and environmental risks can shed light on different phenotypes of LD.


Populations at Risk for LD: Sibs ASD and ELGA Infants

Sibling with ASD are known to be at heightened risk for ASD (18.9% ASD recurrence rate; Ozonoff et al., 2011). Studies employing semistructured assessments in the lab or naturalistic observations at home have also revealed that Sibs ASD (even those who do not receive an ASD diagnosis) show slower communicative-linguistic development compared to infants who have a typically developing (TD) older sibling and no family history of ASD (Sibs TD) across the first 2 years of life (Franchini et al., 2018). Indeed, toward the end of the first year, TD infants start guiding adult’s attention by alternating their gaze between the adult’s face and objects that have caught their attention (alternating gaze behavior) and, subsequently, also using pointing or vocalizing. These initiating joint attention behaviors create opportunities for communication, triggering adults’ attending to infant behavior and labeling the objects of attention, that support infants’ language development (Cochet and Byrne, 2016). Recent research has reported that Sibs ASD engage less in interactive behaviors that can potentially initiate joint attention. Specifically, they engage less in alternating gaze during interaction with an adult at 10 months (Thorup et al., 2018), show lower rates of behavioral requesting using gaze, pointing and giving gestures at 12 months, initiate joint attention with alternated gaze and pointing less frequently at 15 months (Cassel et al., 2007), and produce fewer deictic gestures, especially pointing, at 13–14 and 18 months (Yirmiya et al., 2006; Winder et al., 2013; Leezenbaum et al., 2014; Thorup et al., 2018). In addition, they exhibit lower rates of vocalizations and words at 13 and 18 months (Winder et al., 2013) and slower acquisition of vocabulary between 9 and 24 months (Franchini et al., 2018).

Recent studies have more specifically investigated interindividual differences among Sibs ASD who did not receive an ASD diagnosis, reporting relatively high rates of LD, with 35 to 40% of them meeting criteria for LD between the ages of 2–3 years (Landa and Garrett-Mayer, 2006; Yirmiya et al., 2006; Parladé and Iverson, 2015; LeBarton and Iverson, 2016; Iverson et al., 2018). For instance, a study has shown that Sibs ASD who did not receive an ASD diagnosis but were identified with LD at 36 months of age (Sibs ASD-LD) demonstrated smaller acceleration in growth trajectories of early and later gestures and of word comprehension and production already from 8 months of age with respect to Sibs ASD who did not receive an ASD diagnosis and had no LD (Sibs ASD-no LD) and to Sibs TD. Although differences in gestures and vocabulary acquisition among Sibs ASD-LD, Sibs ASD-no LD and Sibs TD tended to decrease during the second year, a much slower rate of growth for Sibs ASD-LD continued to be observed (Iverson et al., 2018). Further studies have shown that, between 14 and 24 months of age, Sibs ASD-LD tended to engage in initiating joint interaction behaviors, such as alternated gaze, pointing and vocalizations, less frequently, compared to Sibs ASD-no LD (Heymann et al., 2018) and at 24 months they exhibited less pointing than Sibs ASD-no LD (LeBarton and Iverson, 2016). These findings suggest the need to understand potential early indices of LD in Sibs ASD, and that differences in gesture production, particularly in pointing, might provide early indications of risk of later LD in this population.

Preterm birth, i.e., a birth occurring before 37 weeks of gestational age- GA- (March of Dimes et al., 2012), is also a risk factor for LD (Sansavini et al., 2010b, 2014). Several studies have shown that multiple atypical biological constraints and environmental conditions characterizing preterm birth lead to atypical developmental trajectories in several domains (Sansavini et al., 2011a). Among them, language is particularly vulnerable up to adolescence (e.g., Barre et al., 2011; Sansavini et al., 2011a; Van Noort-Van Der Spek et al., 2012; Sansavini et al., 2014; Guarini et al., 2016). A wide heterogeneity has also been shown within the preterm population due to interactions among level of neonatal immaturity, medical complications, and environmental and social characteristics (Sansavini et al., 2011b). Indeed, infants born before 28 weeks of GA (i.e., extremely low gestational age-ELGA- infants) are at higher risk for multiple developmental difficulties and impairments, even in the absence of major cerebral damage (Marlow et al., 2005; Anderson and Doyle, 2008; de Kievet et al., 2009; Barre et al., 2011; Sansavini et al., 2011c, 2014; Van Noort-Van Der Spek et al., 2012). However, only a few studies have specifically focused on communicative and linguistic skills in ELGA infants. At 24 months of corrected age, compared both to FT and VLGA infants (i.e., very low gestational age- ≤32 weeks), ELGA infants were reported by their parents to produce fewer words on the MacArthur-Bates Communicative Development Inventory- CDI (Foster-Cohen et al., 2007). They also exhibited lower scores in receptive and expressive language, directly examined with standardized tests, in comparison to FT infants at several points of assessment between 12 and 36 months corrected age (Sansavini et al., 2014, 2015a). Furthermore, a recent study observing infant communication skills in mother-infant interaction sessions at 12 months (corrected age for ELGA infants) found that ELGA dyads, compared to FT dyads, were characterized by less frequent symmetric co-regulation patterns, defined by a shared focus of attention and reciprocal active participation and innovation during interaction (Sansavini et al., 2015b). In addition, another study conducted with the same context of observation, showed that ELGA infants produced fewer pointing, giving, and representational gestures than FT peers (Benassi et al., 2016).

Concerning relations between early gesture production and later language development in the preterm population, two studies of VLGA infants reported that gesture production together with word comprehension and word production on the CDI at 18 months were predictive of word production at 24 months (Sansavini et al., 2011b); and gestures between 9 and 13 months of age were positively related to language skills at 5 years of age (Stolt et al., 2016). These findings support the hypothesis that gestures are relevant precursors of language development (Iverson and Goldin-Meadow, 2005; Bavin et al., 2008; Capirci and Volterra, 2008). However, to date, no study has explored these associations specifically in ELGA infants. This is surprising, since ELGA infants are at high risk for LD between 2 and 3 years of age (Sansavini et al., 2014; Vohr, 2014). Therefore, exploring early gesture development in ELGA infants might be informative of potential indicators of later LD.



Delay in Gesture Production as Early Index of LD

A large body of work has described developmental continuity from gestures to words (e.g., see Volterra et al., 2017 for a review) with consistent evidence of tight developmental relations between gestures and language (Iverson and Thelen, 1999; Bates and Dick, 2002) and of a crucial role for pointing gesture in early language development (e.g., see Colonnesi et al., 2010 for a meta-analysis).

By gesturing, children can obtain and maintain attention of the adult, thereby establishing new language learning opportunities (Bates et al., 1979; Capone and McGregor, 2004). In particular, pointing, emerging in TD infants between 10 and 12 months and becoming frequent and consolidated between 12 and 18 months (Fenson et al., 2007; Caselli et al., 2015; Lüke et al., 2017), elicits object labeling from caregivers (Goldin-Meadow et al., 2007), triggering social and verbal exchanges that support language acquisition. Since pointing is often produced together with gaze alternation to the recipient, delays in pointing may reduce infant-initiated joint interactions with caregivers, which may in turn alter input to the infant (Leezenbaum et al., 2014). Indeed, both deictic and representational gestures have been shown to be strongly associated with word comprehension (Sansavini et al., 2010a; Caselli et al., 2012) and word production (Capirci et al., 1996; Sansavini et al., 2010a). In particular, pointing at 12 and 18 months predicts later vocabulary (Camaioni et al., 1991; Iverson and Goldin-Meadow, 2005) and sentence complexity (Rowe and Goldin-Meadow, 2009). In addition, using less pointing between 12 and 18 months resulted associated with later LD in infants with an older sibling with LD (Lüke et al., 2017) and in infants with pre- or perinatal unilateral brain lesions (Sauer et al., 2010).

The above findings suggest that the study of gesture development may serve both as an indicator of infants’ communicative-linguistic level and as a tool to identify children at risk for LD (Thal and Tobias, 1992; Crais et al., 2009; Goldin-Meadow, 2015). However, it is still unclear whether common indexes of LD, such as frequency of gesture production and production rate of specific types of gestures, like pointing, may be early indicators of enhanced LD risk for infants from different and heterogeneous populations, such as Sibs ASD and ELGA infants, who will eventually exhibit LD.



Current Study

As suggested by D’Souza et al. (2016), comparisons between a clinical/at risk population and a TD group will show whether the developmental pattern of that clinical/at risk population can be considered typical or atypical. In addition, comparisons among clinical/at risk populations will contribute to understanding whether a developmental pattern is specific to a certain clinical/at risk population or is a common sign of a developmental deficit across several populations. Thus, cross-population studies from early stages of development, when delays and disorders start to emerge, could shed light on their phenotypes. The present exploratory study was therefore designed to examine potential differences in gesture production at 18 months among subgroups of infants from different populations at risk for LD and TD comparison infants.

Specifically, this research examined gesture production in 18-month-old infants from two populations characterized by different underlying biological and environmental risks for LD: infants who have an older sibling with ASD (Sibs ASD) with no eventual ASD diagnosis and infants born extremely preterm (extremely low gestational age- ELGA) without major cerebral damages, congenital malformations or sensory impairments. Both populations are characterized by wide interindividual variability, with some infants exhibiting LD and others not. To this end, each group at risk for LD was further classified into two subgroups according to the presence or absence of LD (LD vs. no LD), ascertained on at least two time points between 18 and 36 months.

Two groups of typically developing (TD) infants were also included. Sibs ASD with no language delay (Sibs ASD-no LD) and with language delay (Sibs ASD-LD) were compared to infants with a TD older sibling and no family history of ASD (Sibs TD). ELGA infants with no language delay (ELGA-no LD) and with language delay (ELGA-LD) were compared to a group of full-term infants (FT). We expected to observe lower rates of gestures, particularly pointing, at 18 months in both Sibs ASD-LD and ELGA-LD infants, relative to their comparison groups (Sibs TD and FT infants, respectively) as well as to their peers without LD (Sibs ASD-no LD and ELGA-no LD, respectively). By contrast, no significant differences in gesture production at 18 months were expected between Sibs ASD-no LD and ELGA-no LD and their respective comparison groups.



MATERIALS AND METHODS


Participants

Two groups of infants at risk for language delay (LD) and their respective comparison groups were included in this study. Infants in both groups were part of larger longitudinal studies monitoring their development from birth up to 3 years of age. The first group at risk for LD consisted of 41 monolingual United States infants (23 females) who had an older sibling with an ASD diagnosis (Sibs ASD) but no eventual ASD diagnosis. The older sibling’s ASD diagnosis was independently confirmed prior to the infant’s study enrollment via administration of the Autism Diagnostic Observation Schedule (ADOS; Lord et al., 2000). The older sibling had to score above the threshold for Autism on the ADOS and receive clinical judgment of Autism based on DSM-IV criteria. The Sibs ASD group was compared to a group of 29 monolingual United States infants (16 females) (Sibs TD), who had a typically developing older sibling and no family history of ASD. All infants were recruited through a university Autism Research Program, parent support organizations, and local agencies and schools serving families of children with ASD. All infants were born at term from uncomplicated pregnancies and had no visual or hearing impairments. Socio-demographic characteristics of the Sibs ASD and Sibs TD are presented in Table 1. The Sibs ASD and Sibs TD were comparable on gender, maternal education level, and maternal age.


TABLE 1. Socio-demographic characteristics of the Sibs ASD, Sibs TD, ELGA and FT groups.
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Measures

Parents of Sibs ASD and Sibs TD completed the American English version of the MacArthur-Bates Communicative Development Inventory (CDI)- Words and Sentences (WS) long form (CDI-WS, Fenson et al., 2007) at infant ages 18 and 24 months and the CDI-III (Fenson et al., 2007) at 36 months. Parents of the ELGA and FT groups completed the Italian version of the CDI-WS long form (Primo Vocabolario del Bambino: gesti, Parole e Frasi, PVB-PF, Caselli et al., 2015) at 18, 24, 30, and 36 months of infant’s age (corrected for weeks of prematurity). The CDI-WS is a valid and reliable tool used across different languages and cultures in research and clinical contexts to assess vocabulary production and identify LD in TD infants (Fenson et al., 2007; Caselli et al., 2015), infants at risk for ASD (Iverson et al., 2018), and infants born preterm (Sansavini et al., 2010b, 2011b; Stolt et al., 2016). The CDI-WS is normed for children between 16 and 30-month-old in the American English version (Fenson et al., 2007) and for children between 18 and 36 months in the Italian version (Caselli et al., 2015). It consists of 680 words organized into 22 semantic categories in the English version and of 670 words organized into 23 semantic categories in the Italian version. The CDI-III is an extension of the American English version of the CDI-WS normed for children between 30 and 37 months of age (Fenson et al., 2007) and consists of 100 words. The parent is asked to check the words his/her child spontaneously produces; a score of 1 is given for each item checked. The total number of words produced is computed. Both American English and Italian CDI versions include also a section on children’s use of morphology and syntax that was not considered for the purpose of the present study.

At 36 months, children in the Sibs ASD group were administered the ADOS-G (Lord et al., 2000) and the Mullen Scales of Early Learning (MSEL; Mullen, 1995). The ADOS-G is a structured play schedule that provides systematic probes for symptoms of ASD in social interaction, communication, play, and repetitive behaviors, and has standard administration and scoring schema. All of the Sibs ASD in this study scored below the threshold for ASD and none received an ASD diagnosis. The MSEL is a developmental assessment of language, cognitive, and motor functioning from birth to 68 months, standardized for the United States population. It is organized into five subscales: gross motor, fine motor, visual reception (or non-verbal problem solving), receptive language, and expressive language. Each subscale is standardized to calculate standard score, percentile and age-equivalent score. The receptive and expressive language subscale scores, along with the CDI-III scores, were used to determine language outcomes.



Outcome Classification

Language delay was defined as a score ≤10th percentile on the American English or Italian version of the CDI on at least two time points between 18 and 36 months. On the American English version of the CDI-WS long form (CDI-II, Fenson et al., 2007), the 10th percentile corresponded to 16 words for males and 21 words for females at 18 months and to 63 and 92 words for males and females respectively at 24 months; on the CDI-III (Fenson et al., 2007), the 10th percentile corresponded to 55 and 60 words for males and females respectively at 36 months. For the Italian version of the CDI-WS long form (PVB-PF, Caselli et al., 2015), the 10th percentile corresponded to 9 words at 18 months, 80 words at 24 months, 254 words at 30 months and 349 words at 36 months. Scores were not differentiated for gender in the PVB-PF.

Specifically, Sibs ASD infants were classified as language delayed (Sibs ASD-LD) if either of the following criteria were met (Parladé and Iverson, 2015; West et al., 2019; Iverson et al., 2018): a) standardized scores on the CDI-WS (Fenson et al., 2007) or CDI-III at or below the 10th percentile at more than one time point between 18 and 36 months (e.g., Heilmann et al., 2005); or b) standardized score on the CDI-III at or below the 10th percentile and a standardized score on the Receptive and/or Expressive Language subscales of the MSEL equal to or greater than 1.5 standard deviations below the mean at 36 months (e.g., Landa and Garrett-Mayer, 2006). Based on these criteria, 13 Sibs ASD were classified as LD (Sibs ASD-LD). The remaining 28 infants did not meet the criteria for LD (Sibs ASD-no LD). Sibs ASD-no LD and Sibs ASD-LD did not differ significantly on gender (males: Sibs ASD-LD = 62%; Sibs ASD-no LD = 32%; χ2 = 3.16, p = 0.098), maternal education (high education level: Sibs ASD-LD: 54%; Sibs ASD-no LD = 82%; χ2 = 3.62, p = 0.073) or maternal age (Sibs ASD-LD: M = 35; SD = 5.20; Sibs ASD-no LD = M = 33.32; SD = 4.10; t = 1.12; p = 0.27).

ELGA infants were classified as language delayed (ELGA-LD) if they had standardized scores on the PVB-PF (Caselli et al., 2015) at or below the 10th percentile at more than one time point between 18 and 36 months (Weismer and Evans, 2002). Using this criterion, 9 ELGA infants (6 males) were classified as LD (ELGA-LD). The remaining 11 ELGA infants were classified as not having LD (ELGA-no LD). ELGA-LD and ELGA-no LD children did not differ significantly on gender (males: ELGA-LD = 67%; ELGA-no LD = 27%; χ2 = 3.10, p = 0.175), maternal education (high education level: ELGA-LD: 22%; ELGA-no LD = 55%; χ2 = 2.15, p = 0.197) or maternal age (ELGA-LD: M = 36.22; SD = 5.61; ELGA-no LD: M = 36.18; SD = 4.36; t = 0.018; p = 0.99). With respect to biological and medical characteristics, ELGA-LD had a lower mean gestational age and they spent significantly more days in hospital compared to ELGA-no LD peers (ELGA-LD: GA weeks M = 24.9, SD = 1.3; days of hospitalization M = 113.4, SD = 28.5; ELGA-NO LD: GA weeks M = 26.5, SD = 1.2; days of hospitalization M = 73.5, SD = 22.9; see Supplementary File).

None of the Sibs TD or FT infants were classified as LD.



Procedure

All infants were observed in a naturalistic play interaction session with their mother and age-appropriate toys at 18 months (corrected age for the ELGA infants). As in many studies investigating preterm infants’ development in the first 2 years of life, corrected age was used for ELGA infants in order to take into account their level of neuropsychological maturation (Sansavini et al., 2011a).

Mothers were asked to play with her infant as they normally would. For Sibs ASD and Sibs TD, the interaction was video-recorded for approximately 30–45 consecutive minutes at home. For ELGA and FT infants, the play session was video-recorded for approximately 30 consecutive minutes in a quiet room designed for observation at the day-hospital at the Unit of Neonatology of the Hospital of the University of Bologna. Ages at the 18-month observation were comparable across the four groups (Sibs ASD: M = 18.22 months; SD = 0.43; Sibs TD: M = 18.07; SD = 0.12; ELGA infants: M = 18.03; SD = 0.37; FT infants: M = 18.20; SD = 0.32).

All study procedures met the ethical guidelines for protection of human participants, including adherence to the legal requirements of the Country, and received a formal approval by the local Ethical Committees. The study from which Sibs ASD and Sibs TD were drawn was approved by the University of Pittsburgh Institutional Review Board. The ELGA and FT infant study was approved by the Ethical Committee of the Hospital of University of Bologna. The parents of all infants provided written informed consent for participation in the study, data analysis, and anonymized data publication.



Coding

A trained observer, naïve to group membership, coded all communicative gestures spontaneously produced by the infants during the parent-infant play-interaction session at 18 months. Only gestures entailing an effort to direct caregiver’s attention were considered communicative (Iverson et al., 1994). Gestures were classified into one of three mutually exclusive gesture type categories: deictic, conventional and representational (Capirci et al., 1996; Benassi et al., 2016). Among deictic gestures, requesting/reaching (extension of the arm with prone or supine open palm or repeated opening/closing of the hand with the aim to request something), pointing (articulation of the index finger directed toward a proximal or distal object with the aim to share attention or request), showing (holding up the object toward the partner while making eye contact), and giving (extension of the arm with the object in hand and directed toward the hand of another person) were coded; conventional gestures were ritualized or culturally defined; representational gestures had a specific referent and their primary semantic content did not change with context (the coding scheme has been published in Benassi et al., 2016).

The rate per 10 min for each gesture category was computed in order to take into account variation in session length across groups. Rates per 10 min were calculated by dividing raw frequencies of each category by the total session duration and then multiplying the result by 10.



Reliability

To obtain intercoder reliability, additional trained coders naive to infant group membership independently coded a randomly selected 20% of the video-recorded sessions from each group.

For the Sibs ASD and Sibs TD groups, the intraclass correlation coefficient (ICC) for gesture production was 0.75. For the ELGA and FT groups, Cohen’s Kappa was calculated on gesture production obtaining a mean K value of 0.90. Values equal or higher than 0.75 are considered an index of excellent agreement both for ICC and Cohen’s Kappa (Cicchetti, 1994).



Statistical Analyses

Statistical analyses were conducted using SPSS 23.0 for Windows with an alpha level of 0.05. Since data were not normally distributed, differences in gesture production (rates per 10 min) and word production among groups (Sibs TD, Sibs ASD-no LD, and Sibs ASD-LD; FT, ELGA-no LD, and ELGA-LD infants) were analyzed using the Kruskal-Wallis test. Pairwise comparisons were conducted using the Mann-Whitney test to further investigate differences between subgroups for Sibs ASD groups and ELGA groups.



RESULTS


Word Production

Prior to analyzing differences in 18-month gesture production, we examined differences in 18-month word production to characterize the Sibs ASD and Sibs TD groups, and the ELGA and FT groups respectively.

Descriptive data on word production for Sibs TD, Sibs ASD-no LD, and Sibs ASD-LD are presented in Table 2. A significant difference in word production among the three groups was found (see Table 2). Specifically, Sibs ASD-LD produced significantly fewer words than Sibs ASD-no LD (U = 40; p ≤ 0.001) and Sibs TD (U = 19.5; p ≤ 0.001), but there was no difference between Sibs ASD-no LD and Sibs TD.


TABLE 2. Comparisons among Sibs TD, Sibs ASD-no LD and Sibs ASD-LD infants on gestures (rates per 10 min) and word production (CDI-WS) at 18 months (Kruskal-Wallis test).

[image: Table 2]Descriptive data on word production for FT, ELGA-no LD and ELGA-LD infants are presented in Table 3. A significant difference in word production among the three groups was found (see Table 3). Specifically, ELGA-LD infants produced significantly fewer words in comparison to ELGA-no LD (U = 4; p = 0.001) and FT infants (U = 23; p = 0.001). In addition, even though the means of ELGA-no LD infants and FT infants fell within the normal range with respect to Italian normative values (Caselli et al., 2015), ELGA-no LD infants produced significantly more words than FT infants (U = 61.5; p = 0.044).


TABLE 3. Comparisons among FT, ELGA-no LD and ELGA-LD infants on gestures (rates per 10 min) and word production (CDI-WS) at 18 months (Kruskal-Wallis test).
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Gesture Production

Mean rates per 10 min of gestures produced by Sibs TD, Sibs ASD-no LD, and Sibs ASD-LD are presented in Table 2. Inspection of data revealed that for Sibs TD and Sibs ASD-no LD, the most frequently produced gesture was pointing, whereas giving was most frequent among the Sibs ASD-LD. In all three groups, showing, conventional, and representational gestures were very infrequent or absent.

Statistical analyses revealed a significant difference among the three groups in pointing gestures (see Table 2 and Figure 1). Follow-up Mann-Whitney tests indicated that Sibs ASD-LD (U = 116.5; p = 0.038) and Sibs ASD-no LD (U = 248; p = 0.004) produced significantly fewer pointing gestures compared to Sibs TD. Rate of pointing did not differ statistically between Sibs ASD-LD and Sibs ASD-no LD. No other comparisons reached statistical significance.
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FIGURE 1. Mean rate of pointing for 10 min in Sibs TD, Sibs ASD-no LD and Sibs-LD infants (A) and in FT, ELGA-no LD and ELGA-LD infants (B). Error bars represent ± 1 standard error.


Mean rates per 10 min of gestures produced by FT, ELGA-no LD, and ELGA-LD infants are presented in Table 3. For the FT and ELGA- no LD groups, the most frequently produced gesture was pointing, but for the ELGA-LD, giving was most common. In all groups, representational gestures were very infrequent.

A significant difference in pointing gestures among the three groups was found (see Table 3 and Figure 1). Mann-Whitney tests revealed that ELGA-LD infants produced significantly fewer pointing gestures than ELGA-no LD (U = 20; p = 0.024) and FT infants (U = 32; p = 0.006). ELGA-no LD and FT infants did not differ statistically from one another. No other differences were statistically significant.



DISCUSSION

The present study was designed to examine gesture production at 18 months across two groups of infants with enhanced risk of language delay (LD), compared to their respective TD groups, to determine whether a common early index of risk exists among different populations at risk for LD. Our findings indicate that Sibs ASD with no eventual ASD diagnosis and ELGA infants without major cerebral damages, congenital malformations or sensory impairments who met criteria for LD between 18 and 36 months exhibited lower rates of pointing at 18 months during a naturalistic mother-infant interaction with respect to their Sibs TD and FT comparison groups. Lower rates of pointing at 18 months, though less pronounced, were found also in Sibs ASD with no LD with respect to their TD comparison group, whereas rate of pointing of ELGA infants with no LD did not differ significantly from their comparison FT group. Taken together these findings highlight the relevance of reduced rates of pointing at 18 months as an early common indicator of LD across different groups of infants. In addition, they highlight some differences between Sibs-ASD and ELGA infants concerning those infants who did not have a history of LD.


Low Rates of Pointing in 18-Month-Old Sibs ASD and ELGA Infants as a Common Early Index of LD

Reduced rates of pointing were observed in the Sibs ASD-LD group at 18 months. This result extends previous work by LeBarton and Iverson (2016), who found that Sibs ASD-LD produced fewer pointing gestures at 24 and 36 months. Interestingly, even Sibs ASD-no LD exhibited a lower rate of pointing with respect to Sibs TD at 18 months. This is consistent with a study by Mitchell et al. (2006), who found delays in gesture production, assessed through the CDI, in Sibs ASD even when those with LD were excluded. In addition, a very recent study, measuring gestures with the CDI from 8 to 14 months, found lower gesture production in all Sibs ASD, with the lowest production observed in Sibs ASD later diagnosed with ASD, followed by Sibs ASD-LD and Sibs ASD-no LD (Iverson et al., 2018). Interestingly, a similar trend was observed in the current study, with Sibs ASD-LD exhibiting the lowest rate of pointing, whereas the difference in pointing rate between Sibs ASD-no LD and Sibs TD was less pronounced. Taken together, these findings suggest that the communicative-language domain may be particularly vulnerable in Sibs ASD even in absence of LD, and that a lower rate of pointing at 18 months is a common marker in these infants.

With regard to the preterm population, only one study specifically documented that ELGA infants pointed at a lower rate relative to FT infants at 12 months (Benassi et al., 2016) and, to date, no studies have investigated profiles of gesture production in ELGA infants in relation to language outcomes. Our study revealed that, compared to FT infants, a reduced production of pointing in ELGA infants persisted until at least 18 months of age for those with LD, whereas there were no differences observed for ELGA-no LD infants. Our findings thus highlight the existence of two different profiles within the ELGA population emerging in the second year of life, one with no LD (about 55%), the other with LD (about 45%) that can be identified around 18 months by a lower rate of pointing. ELGA-LD infants in the current study were characterized by more severe neonatal biological and medical characteristics (i.e., lower mean gestational age; longer hospitalization at birth) compared to ELGA-no LD peers. These findings suggest the hypothesis that severe neonatal biological and medical characteristics may contribute to the emergence of LD by affecting cortical maturation and, particularly, that of the temporal lobe and adjacent regions that are centers for language development. These neural structures are particularly vulnerable during the third trimester of gestation, a sensitive period for brain and body development that for preterm infants occurs in an artificial, frequently impoverished, and stressful environment (Sansavini et al., 2011a; Vohr, 2014). Indeed, decreased cortical volumes in several areas (sensorimotor, premotor, midtemporal, parietal, occipital) as well as altered microstructure and connectivity in the brains of preterm infants up to adolescence have been found in previous studies of infants born preterm, showing relations between structural and functional alterations in brain development and the emergence of neurodevelopmental disorders (Peterson et al., 2002; Mullen et al., 2011). Profiles of language development in ELGA infants merit further investigation in future studies in order to understand whether the reduced use of pointing is related to subtle alterations in brain development. Furthermore, it would be useful to study the developmental trajectory of gesture production at later ages in ELGA-LD infants as well as in less immature preterm infants with LD in order to examine whether a lower rate of pointing is common among preterm infants with LD and how rate and types of gesture production change in preterm infants with LD.

Our findings suggest thus that a lower rate of pointing at 18-month may be an early common marker of LD in Sibs ASD and ELGA infants. This is consistent with a recent study conducted on another group of infants at risk for LD, i.e., infants with a family history of LD, which revealed reduced use of pointing gestures at 12 and 14 months in children exhibiting LD at 24 months (Lüke et al., 2017). Lower production of communicative gestures between 18 and 28 months of age also distinguishes truly delayed late talkers from late bloomers, highlighting the predictive value of measures of gesture use for later expressive language skills (Thal and Tobias, 1992). Taken together, these findings underscore the relevance of analyzing use and rate of pointing in the second year as a potential index of later language acquisition/delay. Pointing at the beginning of the second year is related to the beginning of word comprehension and production, and it plays a key role in coordinating attention to persons, objects, and events with other people and to labels associated with them (Tomasello et al., 2007; Sansavini et al., 2010a). Thus, infants who point less frequently may have fewer opportunities to initiate and maintain joint attention with their caregivers and to associate labels with their referents in daily interactional contexts.

Our findings also suggest that, although Sibs ASD and ELGA infants present early common indicators of LD, they may differ in the nature and extent of their vulnerabilities in language. Indeed, Sibs ASD-no LD exhibited a lower rate of pointing than Sibs TD, whereas no significant differences were found between ELGA-no LD and FT infants. Thus, this cross-population study, conducted from early stages of development, contributed to shed light on the emergence of LD phenotypes in different populations at risk for LD, highlighting reduced rates of pointing at 18 months as an early reliable common marker of LD across Sibs ASD and ELGA infants, but with the former appearing more vulnerable in language development even in absence of LD outcome. Taken together, our results represent an initial step in the early identification of LD in Sibs ASD and ELGA infants, and they underscore the need for further work examining mechanisms underlying LD across different populations.



Limitations

Some limitations that may impact the generalizability of our findings should be noted. First, gesture production was investigated at a single age point. Further longitudinal studies that include more than one age point in the second year of life are needed to understand similarities and differences in developmental trajectories of gesture use across different groups at risk for LD. Second, data were collected in the context of naturalistic mother-infant play interactions. This represented a strength of our research. However, we did not code parental input. As suggested by the literature, information conveyed in children’s gestures can influence the input that adults provide to children and this input can, in turn, support children’s learning during these interactions and promote language development (Goldin-Meadow et al., 2007; Tamis-LeMonda and Baumwell, 2011). Future work needs to examine caregivers’ input to infant gestures and, in particular, to pointing gestures across populations with LD to examine similarities and differences in parents’ communication to children. Third, the Sibs ASD-LD and ELGA-LD samples were both relatively small, since they specifically included only Sibs ASD with no ASD diagnosis and extremely preterm infants without major cerebral damages, congenital malformations and visual or hearing impairments. In order to understand the contribution, of biomedical risk factors for ELGA infants in predicting LD, future studies need to be conducted with a larger sample of ELGA infants. Finally, in our study we focused on two populations at risk for LD, compared to their TD groups. Further studies could be conducted to extend this comparison to a larger number of populations at risk for LD, including for instance infants with a family history of LD.



CONCLUSION AND CLINICAL IMPLICATIONS

This study demonstrates that a low rate of pointing gesture at 18 months may be a reliable and common marker of LD across different populations of infants with enhanced LD risk. This result has important clinical implications. First, this underscores the relevance of monitoring gesture production, especially pointing, during the second year that may be crucial for early identification of potential later LD.

Second, it broadens our understanding of the relations existing between gesture production and language delay, with relevant implications for interventions designed to support language development from its early stages, particularly in populations at risk for LD. Taking into account that reduced pointing production may shape the input that infants receive, which in turn may lead to cascading effects on subsequent language development, intervention must include parent coaching, in order to increase parents’ recognition of and enhance contingent responses to their infant’s gestures. Indeed, as revealed by some studies involving parents of Sibs ASD (Rogers et al., 2012; Kasari et al., 2014) and parents of preterm infants (Barrera et al., 1986; Spittle et al., 2015), parent coaching interventions improve parent sensitivity to children’s communication bids and parent responsiveness. These in turn may lead to significant gains in children’s language skills over time. This kind of intervention may create the basis for an enriched environment that could positively affect child language development, especially for at risk populations such as Sibs ASD and infants born preterm. Parent coaching for parents of Sibs ASD and ELGA infants with a low rate of pointing gesture at 18 months should thus be studied with randomized controlled trials to evaluate their effectiveness in supporting language development from its early stages.
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Background: Changes in motor development provide children with new learning opportunities to interact with objects, their environment, and with caregivers. Previous research finds that both gross and fine motor skills are predictive of later language outcomes across early infancy and childhood. However, gross and fine motor skills afford different types of interactions. Thus, gross and fine motor skills may potentially differ in the developmental trajectories through which cascading changes in language may occur. The aim of the present study was to investigate whether there are differences in the predictive capacities of gross and fine motor skills toward language outcomes across infancy and early childhood in typical development.

Method: A systematic review of existing literature on motor-language cascades was conducted in across studies measuring gross and/or fine motor and language development in children from 0 to 5 years old. Searches were conducted in PsycINFO, PubMed, and MEDLINE. Keywords used were a combination of “gross motor,” “fine motor,” “motor performance,” “motor development,” or “psychomotor development” along with “language,” “language development,” or “communication skills.” Two independent reviewers screened abstracts and full texts based on inclusion and exclusion criteria.

Results: A total of 23 articles were retained. Of these, seven studies measured only gross motor skills, four studies measured only fine motor skills, and 12 studies measured both gross and fine motor skills in the same study. Studies used a variety of measures to assess gross motor skills, fine motor skills, and language development (e.g., parent report, in lab observations, standardized assessment), and findings varied based on analyses used. Results demonstrated that both gross and fine motor skills are related to language outcomes, but due to a smaller amount of studies testing fine motor skills, conclusions regarding whether one is more important for language outcomes cannot be drawn.

Conclusions: We conclude that both gross and fine motor skills help foster language development from infancy to early childhood. Limitations regarding current knowledge regarding the mechanisms that underlie motor-language cascades are discussed, as well as the need for more studies on fine motor skills.

Keywords: motor, fine motor, gross motor, language, infancy, toddlerhood, preschool


INTRODUCTION

Motor development research has previously been considered the Cinderella of developmental science: central to children's experiences, but rarely in the spotlight (Rosenbaum, 2005; Adolph et al., 2010). A historically maturational approach to motor skills was predominant in the early twentieth century, which mainly argued that motor development unfolds via predetermined biological changes, with little to no intervention from environmental or cognitive domains (e.g., Gesell and Amatruda, 1945). Isolation of motor skill from cognition resulted in very little research focusing on the role of motor skills, instrumental to infant independence and exploration, on other domains of development such as language. Similarly, views of language as modular and universal (Chomsky, 1975) likely also contributed to further divorcing motor skills and language. However, continuing shifts toward ecological and systems approaches to development have allowed recent research to embrace the possibility of cross domain interactions resulting in cascading changes throughout periods when the developing system is in flux (Gibson, 1988; Thelen and Smith, 2006; Masten and Cicchetti, 2010; Spencer et al., 2011). In the burgeoning literature on motor-language cascades, increasingly more research finds that motor skills matter for children's language outcomes (e.g., Iverson, 2010; Oudgenoeg-Paz et al., 2012; Walle, 2016).

Motor development is often broadly divided into gross motor and fine motor skills. Gross motor skills pertain to skills involving large muscle movements, such as independent sitting, crawling, walking, or running. Fine motor skills involve use of smaller muscles, such as grasping, object manipulation, or drawing. While many studies have investigated the role of motor skills on language development (e.g., Walle and Campos, 2014; Leonard et al., 2015; Choi et al., 2018), it is unclear whether one type of motor skill is more consistently related to language outcomes then the other. Recent research highlights that delays in motor development are linked to diagnoses such as Autism Spectrum Disorder and Specific Language Impairment (Leonard and Hill, 2014; West, 2018). Specifically, motor issues can be seen early on in at risk populations, prior to diagnosis, positioning motor skills as a potential early marker for later outcomes (Bhat et al., 2012; Flanagan et al., 2012; Lebarton and Iverson, 2013; Libertus et al., 2014). It is important to note that motor development is neither sufficient nor necessary for language development, as not all individuals with motor issues may present adverse language development (Iverson, 2010). However, given recent findings indicating that motor skills are part of a host of factors co-acting on language development, it is pertinent that researchers investigate potential differences in how motor skill types relate to language development in typical samples to inform further research in clinical settings.

Thus, the current systematic review will discuss existing literature on gross and fine motor skills in relation to language outcomes, and will focus on disentangling the cross relations between language development and gross and fine motor skills. We will focus on infancy through early childhood (0–5 years of age) in order to capture findings during early development, as both motor skills and language abilities are rapidly changing during this time period, allowing for a better understanding of how motor and language relate while the system is in flux (Thelen and Smith, 2006; Masten and Cicchetti, 2010).



METHODS


Study Design

A systematic review was conducted on existing literature spanning infancy through early childhood on the cascading relations between motor and language development using PRISMA guidelines.



Search Strategy

Article searches across the following databases were conducted: PsycINFO, PubMed, and MEDLINE beginning on July, 6th, 2018. Searches on Google Scholar were not conducted in order to avoid potentially personalized search results (Holone, 2016; Curkovic, 2019). Keywords used were a combination of “gross motor,” “fine motor,” “motor performance,” “motor development,” or “psychomotor development” along with “language,” “language development,” or “communication skills.” When available, database options for peer-reviewed articles only, human, and age limits of participants (infancy through 5 years old) were selected to better tailor search results for the focus of the current review. A total of 6,210 articles were identified as potentially relevant.

Two independent reviewers (the first and second author) further screened abstracts using the online program Abstrackr, an open-source tool for systematic reviews (Wallace et al., 2012). Abstrackr presents potentially more relevant articles early on during the abstract review process, and allows for semi-automated abstract rejection through use of algorithm based machine learned patterns that utilize the patterns of prior manual abstract rejections by the human reviewers (Rathbone et al., 2015). Research demonstrates that the Abstrackr algorithm has good precision with low levels of false-negatives depending on the complexity of the systematic review (Rathbone et al., 2015). Therefore, additional tools such as Google Scholar were not used during the search phase. In order to maximize accuracy of the Abstrackr algorithm while balancing expediency, both independent reviewers screened 3,000 abstracts manually, and the remaining 3,210 abstracts were screened utilizing the Abstrackr algorithm. Of the 3,210 remaining abstracts screened exclusively by the Abstrackr algorithm, two were tagged as potentially relevant for further full text review. Abstract review on Abstrackr was inclusive of duplicates. Among the full sample of 6,210 articles, 2,049 were identified as duplicates and were removed from further full text review after abstract screening. Two additional articles were added by the first author based on prior knowledge of their relevance to the systematic review, and one article was added based on reviewer suggestions, for a total of 129 articles selected for full text review.



Eligibility Criteria

Abstracts were screened using the following inclusion criteria: (1) studies that included a typically developing sample in order to not reproduce other existing reviews/meta analyses on atypical development (e.g., West, 2018), (2) studies with a sample within the range of 0 to 5 years of age, (3) studies that measured both motor and language skills, and (4) studies reported in English. Exclusion criteria included: (1) case studies, (2) studies with only atypical populations, (3) studies where only motor or only language skills were measured and results were only suggestive of motor-language links, (4) studies that did not differentiate gross and fine motor skills (e.g., had one global motor score), (5) studies where the measured motor skills were exclusively speech-motor/oro-motor control (to avoid conflating with measures of language), rhythmic arm movement, handedness, gesture, motor imitation, or synchronized finger tapping (to limit our review to general gross or fine motor skill abilities, rather than facets of skill execution), (6) studies where language skills were only measured based on babbling or vocalizations/pre-vocal behaviors. If it was unclear whether a study met inclusion or exclusion criteria based on the abstract alone, the reviewers discussed the abstract together. If an agreement could not be made between reviewers based on the abstract alone, the article was included for further full text review.

Full text review was conducted by the first and second author, with any disagreements/final decisions regarding inclusion and exclusion discussed among all three authors when necessary. The criteria discussed above continued to be implemented during full text review. Articles were thoroughly read for inclusion of analyses that detailed motor-language cascades in typical samples, as studies with an atypical focus often included control groups which passed inclusion criteria during abstract review, but upon full text reading (1) did not conduct analyses on motor-language cascades with the typically developing samples (i.e., conducted typical vs. atypical group comparisons only, or did not measure motor or language skills in the typical sample), or (2) grouped atypical and typical samples for power purposes for motor-language cascade analyses which did not allow for reporting of typical results alone. Only studies in which clear results for typically developing children were reported were included for final article inclusion. Studies which included children 0–5 years, but also included older age ranges were only included if results for ages from 0 to 5 years were reported separately from the full sample and if motor and language results were both measured at a time point between 0 and 5 years old. The PRISMA flow chart (Figure 1) indicates how many full text articles were excluded.
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FIGURE 1. PRISMA flow diagram of study selection process.




Prevention of Bias and Quality Assessment

In an effort to reduce bias, abstracts and articles were screened by two independent screeners. Training on how to use Abstrackr was conducted using tools available through the Abstrackr website prior to any screening. Both authors also practiced scoring a subset of articles together prior to independent screening, and discussed the thought process behind inclusion and exclusion decisions during the training period. Abstrackr allows users to keep track of disagreements between the two reviewers. Thus, at a half way point during independent screening; the two independent screeners discussed existing conflicts flagged by Abstrackr in order to adjust all further abstract screening accordingly. Disagreements were settled via discussion. Moreover, in an effort to further reduce bias, the authors included results from typically developing control samples reported in studies focused on atypical development. This strategy was done in order to reduce bias toward reporting of only “positive results,” which was more likely with studies that solely focused on typical samples.

All articles selected for final inclusion in the current systematic review were assessed for quality based on Downes et al. (2016) Appraisal tool for Cross-Sectional Studies (AXIS) tool. Quality assessment with AXIS is based on 20 questions regarding inclusion or exclusion of information in the introduction, methods, results, and discussion. The original AXIS measure does not provide a numerical score. However, all studies received scores positive scores for more than half of the items on AXIS. No studies were excluded based on quality assessment. Results are detailed in Supplementary Table 1.




RESULTS


Synthesis

At total of 23 peer-reviewed articles were included in the current systematic review (Wolff and Wolff, 1972; Butterworth and Morissette, 1996; Lyytinen et al., 2001; Alcock and Krawczyk, 2010; Iverson and Braddock, 2010; Rhemtulla and Tucker-Drob, 2011; Oudgenoeg-Paz et al., 2012, 2015, 2016; Karasik et al., 2014; Muluk et al., 2014, 2016; Suggate and Stoeger, 2014; Walle and Campos, 2014; Wang et al., 2014; He et al., 2015; Leonard et al., 2015; Libertus and Violi, 2016; Walle, 2016; West et al., 2017; Choi et al., 2018). Information was extracted regarding the main purpose, study design, sample size, ages tested, measures used to test gross and/or fine motor, measures used to measure language. All extracted information can be found in Table 1. Studies included in the present systematic review spanned 1972 to 2018, with the most publications occurring in 2016 (n = 5). The majority of studies used longitudinal methods (n = 11), with nine studies using cross sectional methods. One study had multiple studies and used both longitudinal and cross-sectional methods (Walle and Campos, 2014), and two studies used longitudinal methods, but results reported in this systematic review only pertain to cross-sectional results at one age as the studies also included older ages and analyses allowed for reporting results only for the ages of interest to this systematic review (Rhemtulla and Tucker-Drob, 2011; Cameron et al., 2012). Sample size varied across studies ranging from 16 to 11,999 (sample sizes reported refer only to number of typically developing children). Overall, 17 studies focused solely on typically developing children, while six studies included both typical and atypical developing samples.


Table 1. Articles included in systematic review.
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In terms of measurement, 12 studies assessed both gross motor skills and fine motor skills for motor-language analyses. However one study by Muluk et al. (2016) did not provide clear results for fine motor skills, and thus only gross motor results are discussed in this review. Seven studies measured only gross motor skills, and four studies measured only fine motor. Studies used a variety of assessment types to measure motor skill. Studies measuring gross motor skill most frequently used parent reported age of skill acquisition (n = 6), while studies measuring fine motor skill used in lab tasks/observations (n = 6). In terms of language, most studies on measuring fine motor skills used a parent report measure for language skills (n = 11; e.g., MacArthur Bates Communicative Development Inventories, Ages and Stages Questionnaire). Studies measuring gross motor skills also largely used parent report for language skills (n = 11). Although studies were not selected based on measures that differentiated between receptive and expressive language skills, the majority of studies measured both receptive and expressive skills separately (n = 12). Additionally, two studies measured language skills related to words relevant to actions (e.g., spatial words, word related to high levels of body interaction) in addition to other language measures, and one study only measured production of spatial language.



Gross Motor Skills Results

Results for this section will first detail the relation between gross motor and language skills, categorized by ages studied and study methodology (cross-sectional vs. longitudinal). At the end of this section commonalities across gross motor studies will then be discussed.


Cross-Sectional Studies With Infants and Toddlers

Six articles measured the relation between gross motor skills and language development utilizing cross-sectional methods in infants and toddlers (Alcock and Krawczyk, 2010; Karasik et al., 2014; Walle and Campos, 2014; He et al., 2015; Houwen et al., 2016; Muluk et al., 2016). Overall, the studies reviewed in detail below do find concurrent relations between gross motor skills and language development within U.S., U.K., Chinese, Turkish, and Dutch samples of infants. However, for two of the six studies, accounting for additional covariates such as cognitive skills or other motor skills and demographic variables, reduces gross motor's significant contribution to language (Alcock and Krawczyk, 2010; Houwen et al., 2016). Studies have used a variety of methods to operationalize “gross motor”: two studies used parent reported walking onset exclusively (Walle and Campos, 2014; He et al., 2015), one study used both standardized assessment and parent questionnaires (Alcock and Krawczyk, 2010), two studies utilized a standardized assessment or items derived from a standardized assessment (Houwen et al., 2016; Muluk et al., 2016), and one study used experimenter observation of crawling or walking (Karasik et al., 2014). Most (four out of six) relied on parent report for measures of language skill (Alcock and Krawczyk, 2010; Karasik et al., 2014; Walle and Campos, 2014; He et al., 2015). Overall, 50% of studies in this section suggest that gross motor and language skills are related concurrently in infancy, particularly when assessing gross motor skills from a single behavior (e.g., walking) rather than a global gross motor score.

Using a wide cross-sectional sample spanning 3 months to 3 years of age, Houwen et al. (2016) measured gross motor skill and language using the Dutch Bayley Scales of Infant Development (BSID) which includes subscales for gross motor skills and expressive and receptive language. Gross motor scores were significantly positively correlated with both expressive and receptive communication scores, however this relation did not hold once controlling for cognitive level. Focusing on a sample of Turkish children, Muluk et al. (2016) measured gross motor skills and language ability using a cross-sectional sample of children at 6, 12, 18, and 24 months of age. Gross motor skills and receptive and expressive language skills were measured using individual items form the Denver Developmental Screening standardized for use with Turkish children. Items used for gross motor and language varied across age groups. At 6 months, the “pull to sit (no head lag)” item was positively significantly correlated to the language item “turns to sound.” Infant's ability to “lift chest with arm support” was also significantly positively correlated to the language item “turns to voice” at 6 months. Both of these 6 month relations were significant when controlling for each other along with various covariates (sex, SES, maternal education, and “working for a toy out of reach”). At 12 months, being able to “stand holding on” was positively significantly related to the language item “mama/dada specific” and to being able to “say 4 words other than mama/dada.” The item “stands alone for 10 seconds” was also positively significantly correlated to being able “to say 4 words other than mama/dada.” These 12 month relations were significant when controlling for each other along with other covariates (SES, maternal age, and indicates needs not crying). At 18 months, the ability to “throw a ball” was significantly negatively correlated with “saying 4 words other than mama/dada,” while controlling for sex as a covariate. No results were reported for gross motor and language at 24 months.

Investigating motor and language development at 12 months of age, Walle and Campos (2014) measured the relation between quality of locomotion and language comparing same aged crawlers and walkers in a cross-sectional sample. Results indicated that walking infants had larger receptive and expressive vocabularies as measured via parent report on the MacArthur Bates Commutative Developmental Inventory: Words and Gestures (MCDI: WG) short form. He et al. (2015) reproduced these results in a cross-cultural study comparing U.S. and Chinese infants, with findings demonstrating that for both U.S. infants (about 12.5 months old) and for Chinese infants (between 13 and 14.5 months old), walkers demonstrated significantly greater receptive and expressive vocabulary, in English and Mandarin, respectively, compared to crawlers. When accounting for U.S. infants self-produced locomotion experience, walking status only marginally predicted receptive vocabulary, but a continued significant relation between walking status and expressive vocabulary remained. In Chinese infants, walking status continued to significantly predict both receptive and expressive vocabulary even when controlling for self-produced locomotion experience. When focusing specifically on receptive and expressive vocabulary for nouns, U.S. and Chinese infants who could walk both had larger noun and non-noun vocabularies compared to crawlers. However, the proportion of nouns to non-nouns for both receptive and expressive vocabulary was not significantly different between walkers and crawlers, indicating locomotor status did not matter in this case for U.S. infants. For Chinese infants, the proportion of nouns to non-nouns for receptive was not significantly different between walkers and crawlers, but the proportion of nouns to non-nouns for expressive language did significantly differ, indicating that Chinese children who could walk were likely to know more nouns than non-nouns in Mandarin than crawlers.

Comparably, Karasik et al. (2014) assessed differences in 13-month-old crawlers and walkers vocabulary size as part of a study on infant bidding styles. Crawling and walking status was determined from experimenter observation of the skill, and receptive and expressive vocabulary was measured using the MCDI. Results indicated that there was no significant difference in receptive or expressive vocabulary size between same-aged walkers and crawlers.

At 21 months of age, Alcock and Krawczyk (2010) measured gross motor skills using the BSID or with a questionnaire that was adapted to include gross motor questions from the Ages and Stages Questionnaire (ASQ) parent report measure. Language skills were measured using the Oxford MCDI, with additional questions about word combinations and grammatical usage (e.g., complexity) from the U.S. English MCDI: Words and Sentences (MCDI: WS). For infants with parent reported gross motor scores via questionnaire, gross motor skills were significantly positively correlated to receptive and expressive vocabulary, but not complexity. When utilizing standardized scores to combine infants who completed the BSID or the gross motor questionnaire, gross motor skills were not significantly correlated with language comprehension, production, or complexity. Standardized gross motor scores and questionnaire gross motor scores did not significantly predict receptive, expressive vocabulary, or complexity when accounting for oral motor movement, fine motor score, gesture, and symbolic gesture. Alcock and Krawczyk (2010) also examined motor-language relations in a subsample of infants who did not complete the oral motor test, but who did have gross and fine motor scores, in order to test the relation between upper and lower limb motor control and language. Results indicated that gross motor skill based on parent report did predict vocabulary production, but did not predict language comprehension or complexity, while controlling for fine motor score, gesture, and symbolic gesture.



Longitudinal Studies With Infants and Toddlers

A total of nine articles investigated the longitudinal relations between gross motor skills and language development (Lyytinen et al., 2001; Oudgenoeg-Paz et al., 2012, 2015, 2016; Walle and Campos, 2014; Leonard et al., 2015; Libertus and Violi, 2016; Walle, 2016; West et al., 2017). Longitudinal methods help inform researchers about length of cascading effects, and can provide knowledge regarding growth over time for both motor and language development. In this subset of longitudinal articles, eight out of nine articles (about 89%) demonstrate that gross motor skills are related to language skills (Lyytinen et al., 2001; Oudgenoeg-Paz et al., 2012, 2015, 2016; Walle and Campos, 2014; Libertus and Violi, 2016; Walle, 2016; West et al., 2017). Importantly, because longitudinal studies can provide information about skills over time, results here begin to show that the length of certain motor to language relations may change over time, and the contributions of motor to language may depend on skill type (e.g., Oudgenoeg-Paz et al., 2015). This portion of the literature also expands beyond parent reported onset of locomotion (i.e., crawling vs. walking) and begins to report on motor-language relations pertaining to behaviors such as sitting and locomotor exploration (Oudgenoeg-Paz et al., 2015, 2016; Libertus and Violi, 2016). Samples reviewed here included Dutch, Finnish, U.K., and U.S. infants. A total of 6 studies included covariates when analyzing gross motor to language relations. Results from these studies indicated that gross motor skills predicted language outcomes above and beyond age, concurrent motor abilities, and parent based social factors such as parent initiated joint engagement and viewing the infant as an individual (e.g., Libertus and Violi, 2016; Walle, 2016; West et al., 2017). Similarly to the cross-sectional studies reported in the previous section, existing literature supports the idea that gross motor skills play an important role in language development across infancy and toddlerhood.

Using video conferencing technology to measure infant sitting in the home, Libertus and Violi (2016) calculated growth in sitting skill (i.e., duration in independent sitting) over time from 3 to 5 months of age. Language skill was measured using the MCDI: WG later at 10 and 14 months old. Greater growth in duration of sitting was significantly positively related to receptive vocabulary at 10 and 14 months of age, even when including concurrent general motor skills as a covariate. In a study on the longitudinal relations between motor and language in typically developing infants and infants at high-risk for autism, Leonard et al. (2015) assessed gross motor skills at 7 months using the gross motor subscale of the Mullen Scales of Early Development (MSEL). Language skill was measured at 7, 14, 24, and 36 months using the Vineland Adaptive Behavior Scales (VABS). Results accounted for visual receptive skill at 7 months, and found that for the typically developing sample gross motor ability at 7 months was not predictive of growth in receptive of expressive language skills from 7 to 36 months.

In another study focused on predicting language growth from early gross motor skills, Oudgenoeg-Paz et al. (2012) found that age at which independent sitting was attained significantly predicted productive language skill (as measured by the Dutch short form versions of the MCDI) at 20 months, with younger sitting age predicting greater productive vocabulary. Age of independent walking significantly predicted rate of expressive vocabulary growth from 16 to 28 months, with younger walking age predicting greater language growth. Age of independent walking did not predict language skill at 20 months, and age of sitting did not predict language growth. Expanding on these results, Oudgenoeg-Paz et al. (2015) measured spatial language production at 36 months using interactive assessments during home visits. In addition to utilizing parent reported age of acquisition of sitting and walking, spatial exploration was also measured by trained observers during structured observation of infants' actions with two sets of objects assessing spatial-relational exploratory behavior and exploration through self-locomotion at 20 months. Results indicated that age of independent sitting did not significantly predict spatial language use, but age of walking acquisition did. Amount of exploration through self-locomotion was also significantly positively related to productive spatial language, while spatial-relational exploration was not related to spatial language. Importantly, exploration through self-locomotion partially mediated the relation between walking age and spatial language, indicating the effect of walking age on spatial vocabulary is partly explained by amount of self-locomotor exploration. Additional work by Oudgenoeg-Paz et al. (2016) measured general receptive vocabulary using the Peabody Picture Vocabulary Test (PPVT), grammatical and lexical categories during a sentence repetition task, and productive spatial language based on knowledge of locative prepositions and directional verbs during home visits at 42 months. Gross motor skills were assessed based on parent reported age of walking onset, and during a structured observation by trained observers of exploration through self-locomotion at 20 months during a home visit. Age of walking did not significantly predict spatial language. Exploration through self-locomotion completely significantly positively mediated the relation between walking age and spatial language. Walking age did not significantly predict receptive vocabulary or use of grammatical and lexical categories, and exploration through self-locomotion did not mediate any of these relations. Across these three studies, a more complex picture of motor-language cascades is seen for gross motor skills. Independent sitting is important for language outcomes, but with more time between sitting acquisition and when language is measured, it is likely that the cascading effects of sitting are no longer as strong, or that they are superseded by more novel skills (e.g., walking). But even in the case of walking, by 42 months there is no relation between age of walking onset and general vocabulary, although walking was predictive of language growth across earlier time points. Similarly, walking onset no longer was predictive of spatial language at 42 months, although it had been at 36 months. Instead, amount of self-locomotor exploration at 20 months predicted spatial language at 42 months.

As part of a larger longitudinal study, Lyytinen et al. (2001) compared typically developing infants and infants with children at risk for dyslexia. Gross motor skill was measured based on parent report of age of onset of gross motor milestones, with analyses using each infant's deviation from a calculated median growth curve based on gross motor skill attainment across various skills over the first year of life. Language development was measured using the MCDI: WG for receptive and expressive vocabulary at 12 and 14 months, and MCDI: Words and Sentences (MCDI: WS) for productive vocabulary at 24 and 30 months. For results specific only to typical children, gross motor skills were significantly positively correlated with vocabulary comprehension at 12 and 14 months, but not with vocabulary production at 14, 24 or 30 months. Focusing on changes in locomotion style over time in relation to language development, Walle and Campos (2014) longitudinally followed infants across the transition from crawling to walking. Specifically, gross motor skill was assessed using parent reported age of walking and crawling onset to calculate length of walking experience. Language was measured using the MCDI: WG to measure receptive and expressive vocabulary. Results indicated that walking experience was significantly predictive of receptive vocabulary size, with greater walking experience predicting larger receptive vocabulary. Significant increases in receptive vocabulary were seen at the transition from crawling to walking, and between walking onset and 2 weeks post walking onset. No significant increases in vocabulary were seen between 2 weeks after and 4 weeks after walking onset, or at 4 and 6 weeks of walking experience, or at 6 and 8 weeks of walking experience. For productive vocabulary, more walking experience significantly predicted greater expressive vocabulary. There was no significant increase in expressive vocabulary during the transition from crawling and walking. There was also no significant increase in expressive vocabulary between walking onset and 2 weeks post walking onset, or between 2 weeks after and 4 weeks after walking onset, or at 4 and 6 weeks of walking experience. A significant increase in expressive vocabulary was seen between 6 and 8 weeks post walking onset. Overall, results indicate that walking onset is correlated with immediate growth in receptive vocabulary, and also with later growth in expressive vocabulary.

Findings by Walle and Campos (2014) have spurred additional replications that further support the role of walking onset within language development. Results from Walle (2016) indicate that walking experience (calculated based on walking onset) was significantly positively predictive of receptive and productive vocabulary size (as measured by the MCDI: WG). Importantly, walking experience significantly predicted receptive and expressive vocabulary, even when controlling for parent initiated joint engagement, parent report of viewing the infant as an individual, and age. In a study comparing the effects of walking onset on language in typically developing infants and in infants at high risk for autism, West et al. (2017) followed infants longitudinally across the transition from crawling to walking, and found that both receptive and expressive vocabulary (as measured by the MCDI: WS) increased after infants final crawling visit and after walk onset while controlling for infant's age at the time of walk onset.



Cross-Sectional Studies Spanning Pre-kindergarten and Early Childhood

Expanding into preschool and early childhood age ranges, four studies investigated the role of gross motor skill on language development using cross-sectional methods and are reviewed in detail below (Wolff and Wolff, 1972; Rhemtulla and Tucker-Drob, 2011; Cameron et al., 2012; Muluk et al., 2014). The majority of the samples discussed in this section were of U.S. based children, with one study reporting on Turkish children (Muluk et al., 2014). In general, measures and methods in this section are mixed with two studies that utilized gross motor and language measures based performance on individual tasks (Rhemtulla and Tucker-Drob, 2011; Muluk et al., 2014), and two studies using global gross motor scores from assessments or questionnaires (Wolff and Wolff, 1972; Cameron et al., 2012). Novel to the review thus far, one article also opted to use teacher report for both gross motor and language skills (Wolff and Wolff, 1972). In general, use of such disparate measurements results in a limited understanding regarding gross motor skills at a global level, but highlights potential differences across individual skills beyond crawling or walking that were common in infant studies and their relation to language.

For the studies by Cameron et al. (2012) and Rhemtulla and Tucker-Drob (2011), both used longitudinal methods, however results reported in the current systematic review only include only ages 5 years or younger. Rhemtulla and Tucker-Drob (2011) provided cross-sectional correlations at 4 years of age which are reviewed below. Cameron et al. (2012) indicated in their results that the oldest child to complete a motor assessment at the beginning of their study (beginning of kindergarten) was 5.75 years old (69 months). Measurements at a second time point were described as being in spring of kindergarten, which indicates that the older children may have already turned six (72 months) by that time point. The only cross-sectional study within this age range that included covariates utilized backwards regression and reported only on the best fitting models per age group, which limits our interpretation of gross motor to language relations as covariates varied widely across ages and individual language measures (Muluk et al., 2014). At this age range, three studies (75%) reviewed support the idea that gross motor skills continue to be related to language outcomes concurrently, but we would argue that more recent and rigorous cross-sectional studies are required.

In a sample that includes 3, 4, and 5 year olds, Muluk et al. (2014) measured gross motor skills and receptive and expressive language skills using selected items from the Denver II for use in Turkey. Both gross motor and language measures varied in skills measured and number of items by age group. At 3 years, being able to “ride a tricycle” was significantly correlated to “comprehension of one preposition,” but did not hold significance when accounting for other covariates. The ability to “jump up” was significantly positively correlated to “use of plurals” and “comprehending one preposition,” and continued to be related to “comprehending one preposition” when accounting for other covariates. When accounting for other covariates, “jump up” was significantly related to and “gives first and last name” and being able to “define six words.” Balancing on one foot was also significantly positively correlated to using plurals and being able to give first and last name at 3 years, but was no longer related to these items after controlling for other covariates. When accounting for variability in other skills and factors, “balancing on one foot” was related to the language item “knowing one function.” At 3 years, being able to run was significantly negatively correlated to the language item “naming three pictures,” however this relation did not hold when accounting for other covariates. At 4 years “hopping on one foot” and “broad jumping” ability were not correlated to any language items, however hopping on one foot was related to knowledge of “how to use on object” once accounting for other covariates. At 5 years, “heel-to-toe walking” ability was significantly positively correlated to language items “defines six words” and “counting two blocks,” however none of these relations were maintained when accounting for other covariates.

In a similar study utilizing individual lab based items to measure gross motor and language skills, Rhemtulla and Tucker-Drob (2011) utilized longitudinal growth modeling methods across 3 to 7 years of age, but provide single time point data based on intercept values on motor language relations at 4 years of age. Gross motor skills were measured by experimenters during specific tasks: jumping, balancing, hopping, skipping, walking backwards, and catching a bean bag. Oral language skills were measured using the Lets Tell Stories task. Oral language skills at 4 years were significantly positively correlated to concurrent gross motor scores. In the Cameron et al. (2012) study on motor and executive function in relation to kindergarten achievement, motor skills were measured at the beginning using the Early Screening-Inventory-Revised, with analyses related to gross motor skills based on a composite score. Language production skills were assessed using the Woodcock Johnson Vocabulary subtest. Gross motor skills were not significantly correlated to language skills measured in the fall of kindergarten above and beyond fine motor skills, or other covariates such as executive functioning, age, sex, ethnicity, maternal education, or motor age.

In a departure from lab based or parent reported measures, Wolff and Wolff (1972) utilized teacher ratings on a Likert scale to measure both gross (e.g., degree to which the child is motorically active, degree to which she engages in gross bodily movements, etc.) and verbal language skills (e.g., verbal output and skill level). Gross motor skills were significantly positively related to verbal output scores, but not to verbal skill indicating that potentially at preschool age gross motor skills still related to quantity of language use (similar to some results from infancy and toddlerhood), but not to quality.



Longitudinal Studies Spanning Pre-kindergarten and Early Childhood

One study measured the relation between gross motor and language development across preschool and early childhood (Wang et al., 2014). Based on the one study reviewed below, results indicate that in this age range gross motor skills continue to predict language outcomes, but not as consistently longitudinally as seen in infancy and childhood. In general, this study demonstrates that covariates such as fine motor skill, baseline language, and other individual differences potentially attenuate gross motor relations over time with language during preschool and early childhood. Further work is necessary in this age range using longitudinal methods, as we caution drawing conclusion from a single study.

Wang et al. (2014) tested gross motor and language skills longitudinally, using a sample of Norwegian children followed at 3 and 5 years of age. Both gross motor and language skills were measured using the ASQ parent report questionnaire, which provides separate gross and fine motor scores, and a global language score. Correlations across time points for gross motor and language scores indicated that greater gross motor skill at 3 years was significantly positively correlated to higher language scores at both 3 and 5 years. However, when controlling for concurrent relations between gross motor, fine motor, language, and other demographic covariates, gross motor skills at 3 years did not predict language at 5 years. Analyses on concurrent gross motor and language relations that controlled for covariates did indicate that gross motor at 3 years was related to language at 3 years, and gross motor at 5 years was related to language at 5 years.



Synthesis of Gross Motor and Language Relations Across Infancy to Early Childhood

Overall, existing literature finds that gross motor skills demonstrate both concurrent and longitudinal relations with language skill across infancy, toddlerhood, preschool, and early childhood. A total of 15 articles found significant links between gross motor and language, even when accounting for other covariates. Thus, 75% of articles that assess gross motor and language relations published thus far report significant findings for gross motor. Interestingly, 100% of cross-sectional studies during preschool and early childhood, and 89% of longitudinal studies with infant and toddler samples reported significant relations between gross motor and language. In particular, measuring the onset of specific gross motor skills during infancy such as sitting and walking has provided powerful evidence demonstrating that experience in new postures and locomotion styles can predict receptive and expressive language at single time points, and growth over time (Walle and Campos, 2014; Libertus and Violi, 2016; West et al., 2017). Frequently, gross motor skills have been found to predict language ability above and beyond other factors such as age, general locomotion experience, SES, or parental influences (e.g., He et al., 2015; Muluk et al., 2016; Walle, 2016). However, global scores from standardized assessments have also provided insight on gross motor skills and language relations, but have sometimes not found significant relations to language longitudinally (Wang et al., 2014; Leonard et al., 2015). Changes in the predictive capacity of gross motor skills over time is particularly clear as gross motor and language relations are explored at older ages closer to preschool entry (Cameron et al., 2012; Oudgenoeg-Paz et al., 2016). Importantly, it is possible that the inconsistency in gross motor to language relations seen at older ages simply demonstrates that cascading effects from motor to language are limited in time. Behaviors such as walking may no longer foster the same level of growth in language once the behavior is no longer novel and the infant system is not in the process of learning a new skill (e.g., Oudgenoeg-Paz et al., 2016). While cross-sectional studies during the ages spanning preschool and early childhood have found relations between gross motor and language, studies focusing on outcomes over time find mixed results, with gross motor prior to kindergarten predicting expressive language skills in Spring of kindergarten, but studies with time points further apart demonstrating less of an influence of earlier motor skill on later language (Cameron et al., 2012; Wang et al., 2014). In terms of quantity however, more studies have been conducted during infancy and toddlerhood on the relation between gross motor and language compared to early childhood, which limits our interpretation of findings for the older age ranges.




Fine Motor Skills and Language Development

The following section will provide existing evidence regarding the relation between fine motor skills and language outcomes. Some of the studies reported in this section are the same studies from the gross motor skills and language development section, as multiple studies included in this review measured both gross and fine motor skills. Here, results will only focus on fine motor measures and language of these articles. A synthesis of all studies included in the fine motor skills and language development section will be provided at the end of this section.


Cross-Sectional Studies With Infants and Toddlers

There are only two studies in the current review that utilized cross-sectional samples to analyze fine motor skills in relation to language development in infancy and toddlerhood (Alcock and Krawczyk, 2010; Houwen et al., 2016). Results reviewed here are based on UK and Dutch infants. One study utilized standardized assessments to measure both fine motor and language skills (Houwen et al., 2016), and the other study used a combination of standardized assessments and parent report (Alcock and Krawczyk, 2010). Both studies find at least one link between fine motor skills and receptive and productive language prior to analyses with covariates. Both studies utilized covariates, with Houwen et al. (2016) indicating that fine motor skills continued to predict language skills after controlling for cognitive levels. In comparison, Alcock and Krawczyk (2010) found that when controlling for numerous covariates such as gross motor skill, oral motor skill, and gesture among other variables, fine motor skills were no longer related to language skills. Overall, the set of cross-sectional studies on fine motor skills and language reviewed below demonstrate that concurrent relations do exist between fine motor and language, but highlight that this relation may sometimes be explained via other variables. However, too few cross-sectional studies are available at this age range to make concrete conclusions regarding concurrent relations between fine motor and language.

Studying children across 3 months to 3 years using the BSID to measure fine motor and receptive and expressive language, Houwen et al. (2016) found that fine motor skills were significantly positively correlated with expressive and receptive communication scores, above and beyond cognitive level. Alcock and Krawczyk (2010) measured fine motor skills across two subsets of children at 21 months of age using the BSDI or an adapted questionnaire that included fine motor questions from the ASQ parent report questionnaire. Language skills assessed using the Oxford MCDI with additional questions on from the U.S. English MCDI concerning word combinations and grammatical usage (e.g., complexity). Fine motor scores based on parent report were significantly positively correlated to receptive and expressive vocabulary, but not complexity. When standard scores were used to combine parent reported fine motor scores and BSDI scores, a significant and positive correlation was found for fine motor skill and receptive and expressive vocabulary, but not complexity. Neither standardized fine motor scores or fine motor questionnaire scores alone were significantly related to receptive, expressive vocabulary, or language complexity when accounting for oral movement, gross motor score, gesture, and symbolic gesture, among other control variables.



Longitudinal Studies With Infants and Toddlers

Six studies measured longitudinal relations between fine motor skills and language outcomes across infancy and toddlerhood (Butterworth and Morissette, 1996; Lyytinen et al., 2001; Leonard et al., 2015; Oudgenoeg-Paz et al., 2015; Libertus and Violi, 2016; Choi et al., 2018). Samples reported on here include U.S., Dutch, and Finnish infants. The majority of the studies reported here (five out of six) measured fine motor and language skills via parent report or in lab measures, with only one study utilizing a standardized measures (Choi et al., 2018). Only two studies (about 34%) found a significant relation between fine motor skill at an early time point and later language outcomes (Lyytinen et al., 2001; Choi et al., 2018). However, both studies do not share much communality in methodology: one study found cascading effects of fine motor skills at 6 months to later language at 36 months, indicating that fine motor skills measured based on standardized assessment can have a cascading relation to language development over a 30 month time span (Choi et al., 2018). The second study assessed fine motor ability based on infant deviation from the median growth curve of fine motor skill milestones and used parent reported language at 12, 14, and 24 months (Lyytinen et al., 2001). Measures across both studies differed, as did the ages assessed. Choi et al. (2018) did however control for visual reception skills among other demographic covariates and continued to find a significant link between fine motor and later language, which supports the idea that fine motor skills predict language beyond general cognitive skills. More detailed summaries for this set of studies are included below.

Using parent reported onset of fine motor skills and the MCDI: WG as a measure of language skills, Lyytinen et al. (2001) found that infant's deviation from a calculated median growth curve based on fine motor skill milestone attainment over the first year of life was predictive of vocabulary comprehension at 12 and 14 months, and vocabulary production at 14 and 30 months (but not production at 24 months). Libertus and Violi (2016) measured longitudinal changes in grasping ability from 3 to 5 months of age, and measured language using the MCDI: WG at 10 and 14 months. Findings indicated that growth in grasping duration was not significantly correlated with receptive vocabulary at 10 and 14 months of age.

Similarly, Choi et al. (2018) also measured growth in fine motor skill in typically developing infants and in a sample of infants at high risk for ASD. Using the MSEL fine motor subscale, fine motor skills were measured from 6 to 24 months every 6 months. Expressive language skill was measured at 36 months using the MSEL expressive language subscale. For typically developing infants, high levels of fine motor skill at 6 months was predictive of greater expressive language scores at 36 months, while controlling for visual receptive skills, sex, and SES. Linear growth and quadratic growth in fine motor skills were not predictive of language scores at 36 months while accounting for covariates. Comparably, when measuring fine motor skills at 7 months using the MSEL, and receptive and expressive language at 7, 14, 24, and 36 months using the Vineland Adaptive Behavior Scales, Leonard et al. (2015) found that fine motor skills were not predictive of receptive or expressive language growth while controlling for visual-reception skills.

A study by Butterworth and Morissette (1996) measured pincer grip skills monthly from 8.5 to 14.5 months of age. Language was also measured monthly using the MCDI: WG. Pincer grip onset was not significantly related to MCDI comprehension or production scores at 14.5 months. Measuring fine motor skills and language later, Oudgenoeg-Paz et al. (2015) observed exploration through relational object exploration in lab at 20 months, and assessed production of spatial language at 36 months based on two in lab tests. Results indicated that duration of spatial relational object exploration at 20 months was not related to spatial language at 36 months.



Cross-Sectional Studies Spanning Pre-kindergarten and Early Childhood

A total of six studies assessed the relation between fine motor skills and language during early childhood and preschool age using cross-sectional methods and analyses (Wolff and Wolff, 1972; Iverson and Braddock, 2010; Rhemtulla and Tucker-Drob, 2011; Cameron et al., 2012; Muluk et al., 2014; Suggate and Stoeger, 2014). Samples discussed here include U.S., German, and Turkish children. Four out of the six studies (about 67%) found significant relations between fine motor ability and language skills. Two studies calculated composite scores or a factor for fine motor skills based on actions observed in lab (Rhemtulla and Tucker-Drob, 2011; Suggate and Stoeger, 2014), one study created a composite score from parent a parent report questionnaire and an in lab standardized assessment (Iverson and Braddock, 2010), one study used teacher report to measure fine motor skills (Wolff and Wolff, 1972), and another study utilized individual items drawn from a standardized assessment (Muluk et al., 2014). Cameron et al. (2012) measured fine motor skills using a standardized assessment, but used both a global score and individual items from the larger assessment to investigate links between fine motor and language. When measuring language skills, one study created a composite score from in lab observations and a standardized assessment (Iverson and Braddock, 2010), one study used items derived from a standardized assessment (Muluk et al., 2014), one used in lab observation exclusively (Rhemtulla and Tucker-Drob, 2011), and one only used a standardized assessment for language (Cameron et al., 2012). Suggate and Stoeger (2014) used a standardized assessment to measure receptive language skills, but also measured receptive vocabulary regarding body related objects and actions to test potential links between fine motor and language via the concept of embodiment. Four studies included covariates, with two of these studies demonstrating continued relations between fine motor and language while accounting for variability in other domains (Muluk et al., 2014; Suggate and Stoeger, 2014). In general, results in this section indicate that fine motor skills are concurrently related to language ability during preschool age and early childhood.

In a sample of typically developing children and children with language impairment ranging from 3 to 5 years old, Iverson and Braddock (2010) measured fine motor skills using the Child Development Inventory parent report instrument and the Battelle Developmental Screening Inventory. Language skills were measured using the PLS and also measures of verbal utterances per minute, number of different words used, and mean length of utterance were generated from a 10 min in lab observation. A single composite score was created for fine motor and another composite score for language skills. Results indicated that for the typical group, fine motor was not predictive of language skills when including gesture skills as a covariate.

In their cross-sectional study, Muluk et al. (2014) provided separate correlations and analyses for children 3 to 6 years old with results of interest for the current review including only 3 to 5 years. Fine motor and language skills were measured using individual items from the Denver II adapted for use in Turkey. At 3 years, the fine motor skill of “imitating a vertical line” was positively significantly correlated with the language skills of “using plurals,” “defining six words,” and being able to “give first and last name.” However, these relations were no longer significant when accounting for a host of covariates determined via backwards regression. The ability to “imitate a bridge” was significantly positively correlated with the ability to “use plurals,” “name three pictures,” “point to four pictures,” “produce fully understandable speech,” “define six words,” and being able to “give first and last name.” However, when controlling for various covariates, the ability to imitate a bridge was significantly related to “using plurals,” “naming three pictures,” and being able to “give first and last name.” The ability to “build a tower of 7 blocks” was significantly positively correlated with language skills such as “knowing one function,” and “being able to define six words,” but these relations were no longer significant when accounting for various covariates. At 4 years, the ability to “copy a circle” was significantly positively correlated to language skills such as “knowing the use of one object,” but was not significant when accounting for other covariates during backwards regression analyses. At 5 years, being able to copy a circle, cross, and a square were all significantly positively correlated with being able to “define six words,” and “counting two blocks.” Being able to “draw a man” was significantly positively correlated with “defining six words,” “counting two blocks,” and being able to “tell opposites.” Copying a cross continued to be significantly related to “defining six words,” and “drawing a man” also continued to be significantly related to being able to “tell opposites” when accounting for various other covariates.

Suggate and Stoeger (2014) also measured fine motor skills and language development during preschool age. Fine motor skills were measured using 3 tasks: pegboard task, peg threading, and block turning. A single factor was created for fine motor skills. General receptive language skills were measured using the German adaptation of the PPVT. This study was specifically interested in words with high levels of body-object interaction (e.g., belt; BOI), so and additional measure of BOI receptive vocabulary based on words selected from the PPVT was used as well. Receptive vocabulary for words that pertain to referents that are easily manually manipulated were also selected from the PPTV as a separate language measure. Fine motor skills were significantly positively correlated with general vocabulary, BOI vocabulary, and manipulable vocabulary, even when controlling for age. Mediation analyses suggested that BOI vocabulary significantly mediated the relation between both general and manipulation vocabulary and fine motor skill. Using exclusively teacher report measures, Wolff and Wolff (1972) also assessed the relation between fine motor and language skills. Fine motor skills were significantly positively related to both verbal output and verbal skill scores.

A longitudinal study by Rhemtulla and Tucker-Drob (2011) provided separate cross-sectional data regarding fine motor skills and language outcomes at 4 years. Fine motor skills as measured in lab by experimenters based on activities such as building a gate from wooden blocks after watching an experimenter build it out of a second set of blocks, and copying three shapes (a square, a triangle, and an asterisk) with a composite score calculated from all activities. Oral language skills were also measured using the Lets Tell Stories task. Results indicated that oral language skills at 4 years were significantly positively correlated to fine motor scores measured concurrently.

In their study investigating the relation between fine motor skills prior to kindergarten entry and language in kindergarten, Cameron et al. (2012) used the Early Screening-Inventory-Revised to measure fine motor skills and the Woodcock Johnson Vocabulary subtest to measure language production. Although the Early Screening-Inventory-Revised provides a composite fine motor score, Cameron et al. (2012) also used the individual fine motor items (block use, design copy, and drawing-a-person) when analyzing fine motor and language relations. The fine motor composite was significantly positively correlated with expressive vocabulary in fall of kindergarten. Specifically, block use was significantly positively correlated with fall expressive language, while design copy skills were not significantly correlated to fall expressive vocabulary. The ability to Draw-a-Person was not correlated to expressive language. However, fine motor skills did not predict expressive language skill above and beyond gross motor skills, or other covariates such as executive functioning, age, sex, ethnicity, maternal education, or age at motor assessment.



Longitudinal Studies Spanning Pre-kindergarten and Early Childhood

One study selected for this systematic review examined the relation between fine motor skills and language outcomes longitudinally spanning preschool age and early childhood (Wang et al., 2014). Wang et al. (2014) used an established parent questionnaire to measure both fine motor and language skills. Analyses utilized covariates, with results indicating that longitudinal fine motor and language links may potentially be explained via other variables. However, more work is needed to draw stronger conclusions regarding longitudinal links between fine motor and language skills during preschool and early childhood given the limited amount of studies available.

Results from Wang et al. (2014) demonstrated that fine motor skills at 3 years were correlated to language at 5 years, but not when accounting for Apgar score, birthweight, gestational age, parent's age, education, income, native language, and maternal psychological distress, and fine motor and language scores at 3 years. Fine motor skills at 3 years were significantly related to concurrent language skill at 3 years (even when accounting for covariates). Similarly, fine motor skills at 5 years were significantly related to language at 5 years, while controlling for covariates. Fine motor and a global language scores from the ASQ were used for this study.



Synthesis of Fine Motor and Language Relations Across Infancy to Early Childhood

Overall, studies measuring fine motor and language relations demonstrate mixed findings. Of the 15 studies total that measured fine motor skills, only 8 found that fine motor skill was significantly related to language outcomes. This pattern indicates that currently only about 53% of articles that measure fine motor skills demonstrate a significant relation with language outcomes. The most consistent findings originate from cross-sectional studies during preschool and early childhood, where about 67% of studies found significant relations between fine motor and language. Concurrent links between fine motor and language are also supported in this age group by Wang et al. (2014), who found in their longitudinal study that fine motor skills and language ability were related within time points, but fine motor skills at 3 years did not predict language at 5 years. Choi et al. (2018) did find longitudinal relations between fine motor and language, with fine motor skills at 6 months of age predicting expressive language skills at 3 years old. Similarly, Lyytinen et al. (2001) also demonstrate that fine motor skills relate to language in infancy and toddlerhood.

However, fine motor skills have been measured less than gross motor in the current literature (15 fine motor inclusive articles vs. 20 gross motor inclusive articles). In order to more thoroughly conclude whether gross motor or fine motor skills provide a better predictor for language outcomes, the final section of the results will compare results from studies that measured both gross and fine motor skills together, and assess the frequency fine motor and gross motor were found to significantly predict language outcomes from this subset of articles.




Concurrent Measurement of Gross Motor vs. Fine Motor Skills

Eleven studies included in the current systematic review measured both gross motor and fine motor skills (Wolff and Wolff, 1972; Lyytinen et al., 2001; Alcock and Krawczyk, 2010; Rhemtulla and Tucker-Drob, 2011; Cameron et al., 2012; Muluk et al., 2014; Wang et al., 2014; Leonard et al., 2015; Oudgenoeg-Paz et al., 2015; Houwen et al., 2016; Libertus and Violi, 2016). Five studies were cross-sectional (Wolff and Wolff, 1972; Alcock and Krawczyk, 2010; Rhemtulla and Tucker-Drob, 2011; Muluk et al., 2014; Houwen et al., 2016) and six studies were longitudinal (Lyytinen et al., 2001; Cameron et al., 2012; Wang et al., 2014; Leonard et al., 2015; Oudgenoeg-Paz et al., 2015; Libertus and Violi, 2016). Six studies spanned infancy and toddlerhood (Lyytinen et al., 2001; Alcock and Krawczyk, 2010; Leonard et al., 2015; Oudgenoeg-Paz et al., 2015; Houwen et al., 2016; Libertus and Violi, 2016), and five studies were based on samples of children at preschool age and in early childhood (Wolff and Wolff, 1972; Rhemtulla and Tucker-Drob, 2011; Cameron et al., 2012; Muluk et al., 2014; Wang et al., 2014).

When focusing on only studies that measure both gross motor and fine motor, fine motor skills demonstrate a higher frequency of significant findings than gross motor skills. Three studies find that fine motor skills relate to language outcomes more frequently than gross motor skills (Wolff and Wolff, 1972; Lyytinen et al., 2001; Houwen et al., 2016). Houwen et al. (2016) found that fine motor scores were significantly positively correlated to expressive and receptive language above and beyond cognitive level in a cross-sectional sample with infants from 3 months to 3 years. Gross motor scores were not positively correlated to language while accounting for cognitive level. Lyytinen et al. (2001) also found that fine motor skills were significantly correlated to language at more time points than gross motor. Fine motor skills were significantly correlated at 12 and 14 months with vocabulary comprehension, and vocabulary production at 14 and 30 months, while gross motor skill was only significantly correlated with vocabulary comprehension at 12 and 14 months, but not with productive vocabulary at any time point across 14, 24, and 30 months. During preschool, Wolff and Wolff (1972) similarly found that fine motor skills were concurrently related to both verbal output and verbal quality, while gross motor skills were only correlated with verbal output. Two studies found that gross motor skills predicted language outcomes more frequently than fine motor skills (Oudgenoeg-Paz et al., 2015; Libertus and Violi, 2016).

However, three studies also found that both gross and fine motor skills are significantly predictive of language skills with similar frequency (Rhemtulla and Tucker-Drob, 2011; Muluk et al., 2014; Wang et al., 2014). In the case of Muluk et al. (2014), use of multiple individual behaviors to measure gross, fine motor, and language skills revealed three gross motor skills were predictive of five language skills across 3 to 5 years, and three fine motor skills that were predictive of five language skills as well. Rhemtulla and Tucker-Drob (2011) found that both gross motor and fine motor skills were correlated to oral language skills. To further attempt to disentangle these results, a more detailed focus on effect sizes finds that the correlation coefficient for fine motor skills and language was 0.32 and the correlation coefficient for gross motor skill and language was 0.29, indicating that both results had roughly a medium effect. For the study by Wang et al. (2014), both gross motor and fine motor scores were correlated with language skills at concurrent time points (3 and 5 years of age), but not longitudinally. Effect sizes for gross motor skill and language were 0.56 and 0.35 for 3 and 5 years respectively, and 0.44 and 0.34 for fine motor skill. Comparably however, three studies also found that neither gross motor skill or fine motor skill predict language abilities when accounting for additional covariates (Alcock and Krawczyk, 2010; Cameron et al., 2012; Leonard et al., 2015). Overall, when limiting findings to studies that measure both gross and fine motor skills for comparison between the two skill types, frequency of significant findings are closely balanced, with fine motor skills demonstrating a slight edge on gross motor skills by only one study.

Overall, we find that both gross and fine motor are related to language outcomes. However, given the low frequency of fine motor research in relation to language, no conclusions can be drawn at the moment regarding whether one skill is more closely related to language than the other.




DISCUSSION

The current systematic review assessed existing literature on the relation between motor and language development, and aimed to discern whether gross or fine motor skills predicted language skills more frequently. Given the available studies to draw from, a main take away from this systematic review is that both gross and fine motor skills help foster language development. However, fine motor skills have been less studied in relation to language. Thus, we caution against claiming that one motor skill type is more important than the other.

Our conclusion that both gross and fine motor skills matter for language does not mean that both motor skill types provide for language development via the same mechanisms. Although focusing on mechanism was not a goal of the current review, it is important to note that it is likely that gross and fine motor development may support language via different means. Gross motor skills such as crawling and walking allow infants to travel independently throughout their immediate environments, traversing long distances to encounter objects and caregivers. However, even within these two skills that seemingly provide the same advantage (locomotion), infants are in widely different postures, which reframes what infants are able to observe (Kretch et al., 2014). Similarly, fine motor skills such as grasping and drawing are both related as they fall under the same motor skill umbrella, but may provide very different affordances for language learning. Recent work in infants has begun to explore potential mechanisms that underlie motor-language links (Walle, 2016; West and Iverson, 2017; McQuillan et al., 2019), but further research is needed to better understand what it is about motor skills, both gross and fine, that fosters language development.

The length of motor-language cascades was a common theme of the systematic review results. Both gross motor and fine motor skills demonstrated longitudinal effects toward later language outcomes (Lyytinen et al., 2001; Libertus and Violi, 2016; West et al., 2017; Choi et al., 2018). However, some findings indicate that the length of these cascades are limited, or perhaps even constrained to concurrent relations depending on the age range (Wang et al., 2014; Oudgenoeg-Paz et al., 2016). We speculate that the temporal frame in which a motor skill is measured in relation to language likely matters for finding relations depending on the age of interest. For example, Oudgenoeg-Paz et al. (2016) no longer find that age of walking acquisition predicts spatial language at 43 months, but exploration via self-locomotion measured at 20 months does predict later spatial language. For fine motor skills, the majority of findings that indicate a relation between fine motor and language are based on analyses of concurrent fine motor and language measurements, which may indicate that fine motor measures used in existing longitudinal studies may not fully tap into the appropriate fine motor skill at the appropriate age.

Common themes can be drawn however based on skills most commonly measured in the literature. In the case of gross motor skills, walking is the most frequent motor measure. Commonly, walking onset has been used on its own to measure length of motor experience (e.g., Oudgenoeg-Paz et al., 2012, 2015, 2016; West et al., 2017) or in comparison to crawling (e.g., Karasik et al., 2014; Walle and Campos, 2014; He et al., 2015; Walle, 2016). Overall, findings based solely on walking overwhelmingly indicate that walking is an important phenomenon tied to language outcomes. Particularly, walking is important for infant vocabulary, the most common measure of language in this area of research. In terms of fine motor skills, there is greater variability in measurement type, making a firmer conclusion difficult to reach. The variability in fine motor measures in the studies discussed in the current systematic review may have contributed to conflicting results regarding the relation between fine motor skills and language.

Fairly, it is possible that the smaller number of studies on fine motor skills and language seen in this review, and the variability seen in these few studies, stems from a lack of a “holy grail” fine motor measure from 0 to 5 years of age. Gross motor measures were mostly based on parent report, which included report of motor milestones such as sitting and walking Fine motor skills are arguably hidden in plain sight during what many would label as play: opening a box, learning to use a marker to draw, or playing with blocks. It is imperative that researchers interested in motor development begin to consider fine motor skills potentially from a milestone perspective. Researchers need not look far to find potential fine motor skills that could fit milestone criteria, as research on handedness provides a rich literature on measuring development in skills such as grasping, unimanual manipulation, and role differentiated bimanual manipulation, the latter of which continues to be a challenging fine motor skill across infancy to early childhood (Michel et al., 2013; Nelson et al., 2013, 2018; Campbell et al., 2015). Critically, longitudinal research finds that consistency in hand preference for fine motor skills such as role differentiated bimanual manipulation across toddlerhood is predictive of language outcomes at 2 and 3 years of age (Nelson et al., 2014, 2017). Thus, it may be possible that long-term consistency in hand use in early development captures a greater level of fine motor skill, in turn supporting language development; however the relation between consistency and fine motor skill remains to be explicitly tested. Overall, researchers interested in motor-language cascades should be aware that a lack of consensus in the field regarding how fine motor skills are measured may underlie the variability in results regarding fine motor skills relating to language outcomes.

Language development has long captivated researchers, and with good reason: language allows our species to communicate with one another in ways that other forms of communication may not readily provide (Corballis, 2009). But just as memorable as children's first words are their first steps and the time they draw their first scribbles. Motor development has for several decades provided researchers with the ability to measure and quantify behavior, with motor skills often playing a central but quiet role in some of our field's most important research paradigms and findings (e.g., Piaget, 1954; Rovee-Collier et al., 1980; Walk and Gibson, 2011). As evidenced by the current systematic review, a recent revival has occurred in bringing motor development back into the fold of cognition (Rosenbaum, 2005; Adolph et al., 2010; Iverson, 2010). We hope that researchers embrace motor skills, gross and fine, as important toward our understanding of language development.
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Bodily self-awareness, that is the ability to sense and recognize our body as our own, involves the encoding and integration of a wide range of multisensory and motor signals. Infants’ abilities to detect synchrony and bind together sensory information in time and space critically contribute to the process of gradual bodily self-awareness. In particular, early tactile experiences may have a crucial role in promoting self-other differentiation and developing bodily self-awareness. More specifically affective touch, slow and gentle touch linked to the neurophysiologically specialized system of C-tactile afferents, provides both information about the body from within (interoception) and outside (exteroception), suggesting it may be a key component contributing to the experience of bodily self-awareness. The present study aimed to investigate the role of affective touch in the formation and modulation of body perception from the earliest stages of life. Using a preferential looking task, 5-month-old infants were presented with synchronous and asynchronous visuo–tactile body-related stimuli. The socio-affective valence of the tactile stimuli was manipulated by means of the velocity [CT-optimal (slow) touch vs. CT-suboptimal (fast) touch] and the source of touch (human hand vs. brush). For the first time, we show that only infants that were stroked using a brush at slow velocity displayed a preference for the visual–tactile synchronous video, suggesting that CT-optimal touch might help infants to detect body-related visual–tactile synchrony, independently from the source of touch. Our results are in line with findings from adults and indicate that affective touch might have a critical role in the early development of bodily self-awareness.
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INTRODUCTION

Our body is the mean by which we engage with the surrounding physical and social world, providing the background condition that enables perception and action (Riva, 2018). Therefore, being able to represent one’s own and others’ bodies is fundamental to human perception, cognition, and behavior (Slaughter and Brownell, 2012). Bodily self-awareness, that is the ability to sense and recognize our body as separate from the environment (Craig, 2002), gradually arises via active process of multisensory perception and exploration, allowing to bind together external sensory information (exteroception; e.g., vision and audition) and internal bodily information (proprioception, which is the sense of body position from input of muscles and joints, and interoception, which refers to the physiological condition of the body originating from visceral sensation; Craig, 2003).

Spatio-temporal correlation or synchrony plays a fundamental role to the effective processing of multisensory information. Indeed, our brain selectively combines related signals across the continuous stream of multisensory inputs based on spatial and temporal co-occurrence (Parise and Ernst, 2016). Adult studies explored the role of multisensory integration in the experience of bodily self-awareness based on the induction of illusory states of body ownership (i.e., the feeling that “my body” belongs to me; Gallagher, 2000). By manipulating the synchrony of visual–tactile input, it is possible to induce an illusory feeling of ownership for an artificial hand (the rubber hand illusion paradigm; Botvinick and Cohen, 1998), for another person’s face (enfacement illusion; Tsakiris, 2008), as well as the whole body (e.g., full-body illusion; Petkova and Ehrsson, 2008). These perceptual illusions consist in manipulating the multisensory information related to the body to create an illusory self-attribution of the external body part, i.e., feeling a rubber hand as part of the own body or perceiving another person’s face as being more similar to one’s own face.

These studies have extensively shown that multisensory signals contribute to bodily self-awareness in adults; however, the ability to perceive spatio-temporal synchrony through the body lies also at the core of the development of bodily self-awareness from infancy onward. Developmental studies have indeed demonstrated that infants differentiate sensations originating from within and outside the body, by showing the ability to discriminate visual-proprioceptive (Bahrick and Watson, 1985; Rochat and Morgan, 1995; Morgan and Rochat, 1997), visual–tactile (Zmyj et al., 2011; Filippetti et al., 2013; Filippetti et al., 2015), and visual–interoceptive contingencies (Maister et al., 2017). This suggests that implicit bodily self-awareness is based on multisensory integration of bodily signals and early detection of synchrony between vision and sensory feedback from the body. Zmyj et al. (2011) have shown that 7- and 10-month-old infants look longer to a video displaying doll’s legs simultaneously touched with their own legs, compared to asynchronous visual–tactile stimulation of the same legs. Filippetti et al. (2013) further demonstrated that even 1-day newborns display a visual preference to visual–tactile synchrony. Interestingly, both studies suggest that top-down constraints modulate sensitivity to multisensory synchronous stimulation as infants did not show any visual preference between synchronous and asynchronous conditions when the reference to the body was disrupted by substituting body parts with objects (e.g., wood sticks instead of doll’s legs; Zmyj et al., 2011) or presenting an inverted face instead of an upright face (Filippetti et al., 2013). These results indicate that the ability to detect multisensory synchrony provides infants with crucial information for perceiving their own body as the subject of a given experience, and thus developing an early sense of bodily self-awareness.

More recently it became apparent that beyond exteroceptive cues, signals arising from within the body itself are critical for bodily self-awareness (Tsakiris, 2017). Adult research begun to address the impact of interoceptive processing on the modulation of bodily self-awareness by emphasizing the primary role of the representation of the body from within (e.g., Tsakiris et al., 2011; Suzuki et al., 2013) which may provide a coherent and stable representation of the physiological condition of the body in response to external changes, reflecting the need of balance between adaptability and stability (Tsakiris, 2017; Palmer and Tsakiris, 2018). Specifically, affective touch has recently gained more attention for its special properties of being invested by both exteroceptive and interoceptive qualities (Fotopoulou and Tsakiris, 2017; Crucianelli and Filippetti, 2018). As a result, it has been suggested that affective touch plays a fundamental role in homeostatic regulation, building an image of the physical self as a feeling entity (Craig, 2002; Olausson et al., 2002; Bjornsdotter et al., 2009), and constitutes a link between perception of external objects and perception of the own body, by providing at the same time information about the external world and the body itself (Fotopoulou and Tsakiris, 2017). Adult studies have shown that affective touch, known to elicit interoceptive feelings of pleasantness, influences bodily illusion and self-face recognition more than non-affective touch (Crucianelli et al., 2013; Lloyd et al., 2013; van Stralen et al., 2014; Panagiotopoulou et al., 2017), suggesting that this type of tactile experience affects the modulation of body boundaries promoting self-other differentiation and bodily self-awareness (Fotopoulou and Tsakiris, 2017).

More specifically, affective touch refers to a separate dimension of tactile stimulation, distinct from sensory–discriminative touch on the basis of afferent responses, electrophysiological properties, axonal projections, and brain activation (McGlone et al., 2014). Neurophysiological studies show that positive and affective components of touch are conveyed via C-tactile fibers, a class of low-threshold, unmyelinated afferents that are present only in the hairy skin of mammals (Morrison et al., 2010) and that preferentially respond to gentle stroking delivered at slow velocity (range between 1 and 10 cm/s) within skin-like temperatures (Ackerley et al., 2014) showing an inverted U-shape between stroking velocity and firing rate (Löken et al., 2009). Importantly, increased firing frequency of C-tactile fibers correlates with high ratings of touch pleasantness, suggesting that these afferents are critically involved in processing pleasant aspects of touch (Löken et al., 2009). Moreover, C-tactile fibers are distinct from the myelinated tactile fibers that code for discriminative touch, as they take a distinct ascending pathway from the periphery to the posterior insula, the secondary somatosensory cortex, and an extended network of brain regions known to be involved in social perception, including the posterior superior temporal sulcus, the medial prefrontal cortex, and the anterior cingulate cortex (Olausson et al., 2002; Gordon et al., 2013; Bjornsdotter et al., 2014). In particular, the insula integrates inputs from multiple sensory modalities and limbic cortical regions, which are involved in processing emotional and rewarding stimuli, suggesting it is critically involved in maintaining the organism’s homeostasis and creating an interoceptive representation of the body (Craig, 2003). Such representation lies at the core of the formation of subjective feelings and bodily self-awareness (Craig, 2009). Neuroimaging studies reported insular cortex as a primary target for C-tactile fibers (Olausson et al., 2002; Bjornsdotter et al., 2010; Davidovic et al., 2018) and the same brain region seems to be the critical lesion site for neurological disturbances in the sense of body ownership (Baier and Karnath, 2008), showing evidence of the involvement of insular cortex in bodily self-awareness. Importantly, developmental studies show that this brain region is responsive to affective touch within the first weeks of life (Jönsson et al., 2018; Tuulari et al., 2019), thus suggesting that affective touch may shape brain development by promoting cognitive and social functioning from the earliest stages of development. Indeed, different studies showed evidence of the importance of affective touch in regulating infants’ behavioral and physiological reactivity to stress during periods of maternal deprivation (Stack and Muir, 1992; Feldman et al., 2010), shaping affiliative behaviors and social bonding (Feldman, 2011; Walker and McGlone, 2013), acting as a reinforcer for maintaining infants’ eye-contact and smiling (Pelaez-Nogueras et al., 1996), and facilitating learning of contingent social information (Della Longa et al., 2019). However, there is a lack of knowledge about the potential role of affective touch on the development of bodily self-awareness.

Considering the neurophysiological characteristics of affective touch and evidence from adult research (Crucianelli et al., 2013; van Stralen et al., 2014; Panagiotopoulou et al., 2017), in the present study we aimed to investigate whether affective touch may promote implicit bodily self-awareness in early infancy, by facilitating the detection of body-related visual–tactile contingencies. More specifically, we built on a previous visual preference paradigm developed by Filippetti et al. (2016). In this study, 5-month-old infants were presented with two side-by-side videos of a baby’s face being stroked on the cheek. One video was time delayed by 3 s compared to the other. During video presentation, infants were touched on their own cheek such as this tactile stimulation was perfectly synchronous with one video and asynchronous relatively to the other video. Results revealed that infants looked significantly longer toward the video that matched exactly the tactile stimulation that they perceived, suggesting infants’ ability to detect synchronous visual–tactile stimulation referred to their own body. Critically, in the present study we propose to take a step further by manipulating the tactile stimulation to within the optimal vs. suboptimal range for activating C-tactile fibers. We hypothesize that affective touch performed at slow velocity, optimal for activating C-tactile fibers, would be more effective in directing infants’ attention to body-related synchronous cue, compared to fast touch that it is not optimal for activating C-tactile fibers.

In the present study, we also manipulated the source of touch, by comparing human hand touch with tactile stimulation delivered by an inanimate object (a brush) as we were interested in investigating whether there is a difference in how infants process skin to skin vs. object contact. Previous studies in adult population demonstrated that C-tactile fibers activation is mediated by both mechanical and thermal properties of the tactile stimulus and their firing frequency correlates with hedonic ratings only for skin temperature (Ackerley et al., 2014). Moreover, gentle stroking with a hand elicits larger responses in somatosensory areas and posterior insula compared to tapping with a velvet stick, suggesting that direct interpersonal contact is processed differently from touch applied through inanimate objects (Kress et al., 2011). In particular, skin-to-skin contact may have a crucial significance in very early infancy. Indeed, developmental studies with preterm infants showed that skin-to-skin contact has long-lasting positive effects on physical growth, physiological regulation, and cognitive development (Field, 1998; Feldman et al., 2010) suggesting the critical involvement of bodily contact in shaping development trajectories. Thus, by manipulating the source of touch, we hypothesized that infants would specifically rely on affective touch derived via skin-to-skin contact, as this touch would consists in a combination of perceptive properties (e.g., texture, temperature, and mechanical characteristics) that ensure ecological validity and may convey affective and emotional valence critical for the development of bodily self-awareness. More specifically, we hypothesized an interaction effect between the activation of C-tactile system and the source of touch indicating that skin-to-skin contact may maximize the socio-affective meaning of slow tactile interaction. Alternatively, it is also possible that the detection of visual–tactile body-related synchrony is primarily modulated by interoceptive signals related to the activation of C-tactile system (solely based on velocity properties of tactile stimulation) and independently from the source of touch.



MATERIALS AND METHODS


Participants

The study was conducted at the Pediatric Unit of Monfalcone Hospital (GO, Italy) where infants were born. Fifty-five-month-old infants (19 female and 31 male; mean age 153.08 days) at time of test took part in the study. Thirteen additional infants participated but were excluded due to strong side bias (e.g., they looked >85% of the time to the same side of the screen, N = 4) or because they failed to complete the task due to fussiness (N = 9). All infants met the screening criteria for normal delivery: gestational age > 37 weeks, birth weight > 2500 g, Apgar score ≥ 8 at 5 min after birth. All infants were Caucasian. After been informed about the procedure, parents gave informed consent for their child’s participation. The local Ethical Committee of Psychological Research (University of Padova) approved the study protocol.



Stimuli and Procedure

The study took place in a dimly lit room within the hospital when the infants were in an alert and calm state. Infants sat on a car seat, at a distance of approximately 50 cm from the computer monitor. The screen was inclined to be parallel to the infants’ face and infants’ eye level was aligned with the center of the screen. A video camera mounted above the monitor and centered on the infants’ face was used to record the infants’ gaze and eye movement. Infants were presented with two side-by side and previously recorded videos of a 5-month-old infant’s face been touched on the forehead every 12 s. The tactile stimulation presented on the screen lasted 3 s. The two videos were identical, except from the fact that one of them was time delayed by 6 s compared to the other. So that, while one video displayed the touch at the beginning of the trial, in the other video the same tactile event occurred after 6 s. During the video presentation infants were also touched on their own forehead in a way that matched the video presentation in terms of spatial position, movement direction stroking velocity, and source of touch. An experimenter who stood behind the infant to prevent them from being distracted delivered stroking manually (Filippetti et al., 2013, 2015). Given the time delay of 6 s between the two side-by-side videos, the tactile stimulation felt by the infants was delivered synchronously with respect to one video display and asynchronously with respect to the other. The time windows of the stimuli was selected in order to ensure a delay of 3 s between the end of the synchronous visual stimulus and the beginning of the asynchronous visual stimulus, as previous studies demonstrated that a 3 s time-delay prevents detecting the contingency between two sensory events in infants younger than 6 months of age (Gergely and Watson, 1999). Each trial lasted 12 s and comprised of a synchronous video stimulus, whereby the tactile event displayed on the screen was contingent to the tactile stimulation on the infant’s forehead, and an asynchronous video stimulus, during which the tactile event displayed on the screen was delayed by 3 s with respect to the tactile stimulation. Each infant was presented with 24 trials divided in six blocks of four trials. A brief attention getter lasting 4 s (i.e., a colorful cartoon with sound) was presented before each block in order to keep the infants’ attention on the screen. We manipulated the touch velocity as a within-subjects variable, presenting the infants with a slow touch delivered at 3 cm/s, which falls into the optimal velocity range for activating C-tactile fibers, and a fast touch delivered at 18 cm/s. The position of the synchronous video (left and right) and the touch velocity were randomized between blocks (three blocks for a total of 12 trials for slow velocity and three blocks for fast velocity). Moreover, we manipulated the source of touch as a between-subjects variable. That is, infants were randomly assigned to two different groups (25 participants in each group) and one group of infants was stroked by a human hand while another group was touched with a brush (Figure 1).
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FIGURE 1. Example of experimental session (A). In each trial (B) the tactile stimulation is applied in synchrony to the left visual stimulus (synchronous video) whereas the visual stimulus on the right is delayed (asynchronous video) in respect to the tactile stimulation. The touch velocity is manipulated whiting subjects, whereas the source of touch is manipulated as between-subjects variable.




Data Analysis

Looking behavior toward the stimuli was recorded and off-line coded to calculate the cumulative looking time to both synchronous and asynchronous videos for each trial. A trial was considered valid only if the infant attended to both the synchronous and the asynchronous visual stimuli for at least 200 ms during the critical time window in which the tactile interaction was displayed on the screen. We included in the data analysis all participants who completed at least two valid trials in each experimental condition. For each valid trial we calculated the looking time toward the synchronous video, the looking time toward the asynchronous video and the total looking time (i.e., sum of the looking time to the synchronous and to the asynchronous videos). Then, a synchronous preference score was calculated considering the looking time to the synchronous video over the total looking time to the screen. This score was calculated on the looking time instead of the total time of stimulus presentation (12 s for each trial) in order to take into account the effective interest of the infant during each trial (Turati et al., 2005; Filippetti et al., 2016). The same experimenter coded all the videos using the Datavyu software, a video coding and data visualization tool for collecting behavioral data from video (Datavyu Team, 2014). A second independent observer, blind to the experimental hypothesis, performed off-line coding of a randomly selected subgroup of participants (eight subjects). Inter-rater reliability was found to be excellent (Hallgren, 2012). Inter-class correlation was calculated on the synchronous score (ICC = 0.916) and on both the looking time to the synchronous video (ICC = 0.965) and the asynchronous video (ICC = 0.809).



RESULTS

All statistical analyses were performed using R, a software environment for statistical computing and graphics (R Core Team, 2013). Preliminary analyses were performed to investigate the number of valid trials and the total looking time at the screen for each experimental condition. ANOVA mixed model was performed on the data in the long form, considering source of touch (hand vs. brush), touch velocity (slow vs. fast), and their interaction as fixed factors and participant ∗ velocity as random effect. The choice of using a mixed-effects model was determined by the possibility to take into account-fixed effects, which are parameters associated with an entire population, and random effects, which are associated with individual experimental units randomly drawn from population (Gelman and Hill, 2007). The results revealed no difference in the number of valid trials. Infants in the Hand Group completed on average 7.0 (SD = 3.09) valid trials for the slow velocity and 7.6 (SD = 2.69) valid trials for the fast velocity; infants in the Brush Group completed on average 6.72 (SD = 2.81) valid trials for the slow velocity and 6.80 (SD = 2.84) valid trials for the fast velocity. Analysis on the total looking time revealed a main effect of source of touch, F(1,46.4) = 11.739, p = 0.001, marginal R2 = 0.09, conditional R2 = 0.44, indicating that infants that experienced and saw a touch performed by a human hand looked longer at the videos, independently of the synchronicity between the visual and the tactile stimuli (Figure 2).
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FIGURE 2. Total looking time toward the screen for each trial.


The main analyses were performed on the synchronous preference scores. Descriptive analysis revealed that on average infants in the Hand Group looked at the synchronous video for 48.65% (SD 21.03) of the looking time when the touch was delivered at slow velocity and for 48.64% (SD 17.18) when the touch was delivered at fast velocity; whereas infants in the Brush Group looked at the synchronous video for 55.48% (SD 23.06) of the looking time when the touch was delivered at slow velocity and for 49.86% (SD 20.92) when the touch was delivered at fast velocity. We wanted to explore infants’ visual preference asking whether infants showed a preference for the synchronous video. Simple t-test comparing the synchronous preference score with chance level (50%) were separately performed for each experimental condition. The results revealed that only infants touched with the brush at CT-optimal velocity looked longer at the synchronous video compared to the asynchronous, T(169) = 3.081, p = 0.002, d = 0.238; p-value adjusted for multiple comparisons using Bonferroni correction, p < 0.0125 (Table 1).


TABLE 1. Descriptive statistics for each experimental condition (mean and standard deviation of looking time in milliseconds and percentage over the total time of stimuli presentations −12,000 ms); synchronous preference score (percentage of looking time to the synchronous video over the total looking time); and simple T-test comparing the visual preference score with the chance level (50%).

[image: Table 1]In light of this result, we further analyzed infants’ looking time toward the synchronous video. ANOVA mixed model was performed on the data in the long form including all the valid trials completed by each participant in order to investigate the effect of source of touch (hand vs. brush) and touch velocity (fast vs. CT-optimal) on infants’ preference for the synchronous visual–tactile stimulation. We used a mixed-effects model to take into account random-effect factors (participant ∗ velocity) and to control for uneven number of observations. In our experiment, we excluded trials in which infant was not paying attention to the screen (e.g., looking away) resulting in a different number of trials for each participant (uneven observations). Thus, one advantage of using mixed models approach is that we can use all the data we have (i.e., data in the long form considering the full data set without averaging for condition) and missing scores have no effect on others scores from the same participant. We tested the full mixed-effects model including source of touch, velocity, and their interaction as fixed factors and participant ∗ velocity as random factor. The results revealed a significant interaction between source and velocity of the tactile stimulation, F(1,63.313) = 4.217, p = 0.044, marginal R2 = 0.03, conditional R2 = 0.20 (Figures 3, 4).
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FIGURE 3. Percentage of looking time toward the synchronous video in each experimental condition.
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FIGURE 4. Percentage of looking time toward the synchronous video over the total time of stimulus presentation. Mean and standard errors are displayed for each experimental condition. The plot shows the interaction effect between velocity and source of touch.




DISCUSSION

In the present study we investigated the role of affective touch in modulating infants’ ability to detect visual–tactile body-related synchrony. We manipulated the affective valence of the tactile stimulation by controlling for touch velocity, linked to the neurophysiological properties of the C-tactile system, and source of the touch, which refers to socio-affective meaning of the tactile interaction. First, in line with interoceptive theories (Fotopoulou and Tsakiris, 2017; Crucianelli and Filippetti, 2018) we predicted that the slow velocity represents an interoceptive dimension that can facilitate multisensory body-related perception. As such, infants in our study would display a visual preference for the synchronous compared to asynchronous visual–tactile stimulation only in the slow-touch condition. Second, based on developmental studies on the importance of skin-to-skin contact for conveying affective and emotional valence (Field, 1998; Feldman, 2011; Tuulari et al., 2019), we hypothesized that the perceptive properties of skin-to-skin contact would maximize the socio-affective meaning of tactile interaction, thus modulating infants’ preference for visual–tactile bodily synchrony.

The results are partially in line with our initial hypothesis as we found some expected as well as some unexpected results. With regard to the role of the C-tactile system in body perception, the results are in line with our hypothesis suggesting that in the brush condition the tactile velocity may have a role in modulating infants’ ability to detect visual–tactile body-related synchrony. When controlling for touch velocity, infants preferred slow touch applied in synchrony. While previous studies showed evidence of infants’ ability to detect multisensory synchrony without taking into account the affective aspects of tactile stimulation (Zmyj et al., 2011; Filippetti et al., 2013, 2016), in the present study we further demonstrate that infants’ visual preference for visual–tactile synchronous stimulation is specifically constraint by the affective properties of touch. This suggests that manipulation of affective touch modulates infants’ preference for bodily visual–tactile synchrony. Importantly, for the first time this result shows that slow touch might help infants to detect body-related visual–tactile synchrony, suggesting that interoceptive bodily signals may play a crucial role in the formation and modulation of bodily self-awareness. Instead, and contrary to our hypothesis, we did not find a significant effect of the hand condition. More specifically, we found an interaction effect between velocity and source of touch indicating that the two groups of infants (infants that were stroked with a human hand vs. infants that were stroked with a brush) showed a different visual behavior. In particular, our results revealed that infants that watched and experienced brush stroking at slow velocity displayed a preference for the visual–tactile synchronous video, compared to when the touch was delivered at fast velocity. Conversely, infants that were presented with a visual–tactile stimulus delivered by a human hand didn’t show an effect of touch velocity on visual behavior. Considering these results together, it is possible to speculate that infants’ early ability to detect visual–tactile body-related synchrony is primarily modulated by interoceptive signals conveyed by slow touch via the activation of C-tactile system, independently from the source of touch. This might suggest that information about the internal condition of the body (i.e., conveyed through the affective properties of touch in our study) promotes the development of bodily self-awareness, whereas the source of touch may modulate different information processing, such as its social properties (e.g., increasing attention to contingent social information; Della Longa et al., 2019). In particular, in the present study the slow touch in the brush condition may have helped infants in detecting visual–tactile synchrony whereas the social valence of skin to skin contact may have played a different role in capturing infant’s visual attention to the hand gestures. While this remains a tentative speculation, future studies should experimentally examine this possibility.

Our results are in line with developmental studies that show infants’ behavioral, physiological, and neural sensitivity to affective touch. Indeed, affective touch has been shown to be effective in reducing infants’ responses to stress (Stack and Muir, 1992), promote physical and neuro-cognitive development (Feldman et al., 2014), and modulate physiological state (Fairhurst et al., 2014; Aguirre et al., 2019). Moreover, a recent study reported activation of insular cortex in response to affective touch from 2 months of life (Jönsson et al., 2018) suggesting that infants are sensitive to interoceptive properties of affective touch from the earlies stages of life. However, other evidence suggest that the specialization of cortical processing of affective touch might still be ongoing during early infancy (Kida and Shinohara, 2013; Miguel et al., 2017; Pirazzoli et al., 2019). Thus, it is possible that while cortical responses to touch velocity, which selectively activate the C-tactile system, are already evident soon after birth (Jönsson et al., 2018), sensitivity to other perceptual properties that convey specific information about human contact, such as texture, body, and temperature, require more time to develop (Pirazzoli et al., 2019). According to a neurocostructivism perspective, early interoceptive sensitivity to affective touch may undergo a gradual process of functional specialization and cortical localization that provide the neurophysiological foundation for the emergence of socio-affective meaning of interpersonal contact (Johnson, 2001, 2011). This mechanism may be critically involved in the formation and maintenance of affiliative behaviors and social bonds (Morrison et al., 2010). If so, perceptual properties of tactile interaction experienced in conjunction with other multisensory social information (e.g., someone looking and talking to the infant while caressing her) may gradually acquire socio-affective valence and contribute in shaping socio-cognitive developmental trajectories. Indeed, 9-month-old infants have been shown to modulate their cardiac response to affective touch not just on the basis of mechanical properties but also according to its social source. Specifically, infants’ heart rate decreased more in response to stroke when their parent rather than the experimenter was present and this effect was found only for CT-optimal velocity (Aguirre et al., 2019). These findings may suggest that 9-month-old infants’ ability to respond to affective touch, based on the activation of the C-tactile system, support affective-motivational processing of tactile stimulation, and particularly so in socio relevant context. Overall, our results are in line with the neurocostructivism perspective as they show that early on, infants’ sensitivity in response to affective touch is based on the touch velocity when controlling for the source of the tactile stimulus, as reflected by a modulation of visual attention toward visual–tactile synchrony during slow touch with a brush. Conversely, infants presented with the hand condition showed a similar visual interest for both synchronous and asynchronous videos independently from touch velocity, suggesting that at 4 months of age hand gestures represent a salient stimulus that capture infants’ visual attention irrespectively of tactile information. Further investigation should consider different developmental ages in order to investigate whether later on, infants would specifically rely on affective and emotional valence of touch derived via skin-to-skin contact for the development of bodily self-awareness and the detection of visual–tactile synchrony.

When we consider the total looking time, infants in the hand group showed an overall longer looking to the video screen compared to infants presented with brush stimulation. The overall increase in looking behavior was irrespective of multisensory synchrony. This unexpected finding suggests that infants displayed a particular interest in looking at movements performed by a human hand independently of the matching with contingent tactile stimulation. A possible interpretation of this result can be found in the salience of human hand gestures. Different studies demonstrate infants’ early ability to detect biological movement (Fox and McDaniels, 1982; Bertenthal et al., 1984). More specifically, newborns can discriminate between possible and impossible dynamic hand gestures (Longhi et al., 2015) and are able to discriminate gestures that involve hand-to-hand touch, while they fail to discriminate the same interaction between an object and a hand (Addabbo et al., 2015). Moreover, 3-month-old infants display spontaneous preference for touching hand-to-face gestures compared to no-touching gesture, thus showing evidence of an early ability to recognize and prefer touching gestures involving the interaction between human body parts (Addabbo et al., 2015). Therefore, it could be speculated that early in life, hand gestures represent a relevant stimulus that can capture infants’ visual attention irrespectively of contingent tactile stimulation. This finding suggests that infants’ visual behavior may be modulated in a subtle manner by affective properties of the tactile stimulation as well as by visual information, which differently contribute in driving infants’ attention. Future studies may consider to control for the visual information by using an abstract representation indicating stroking that displays the same visual stimulus in both the tactile conditions.

One might wonder why we could only replicate the effect of visual–tactile synchrony only in the brush condition, but not in the hand condition. From a methodological perspective, one explanation might lie on the length of the stimuli, the presence of movement and the visual difference between stimuli. Compared to previous studies (Filippetti et al., 2016), a crucial difference in our paradigm is that, in order to take into account the stroking velocity of slow vs. fast touch, we had to extend the length of our tactile events. Consequently, infants had more time to direct their attention, explore the stimuli, and disengage before a new tactile event appeared on the other side of the screen. Moreover, the presence of movement and the salience of the visual stimulus may have played a predominant role on infants’ visual behavior. According to this interpretation, when the visual stimulus was particularly salient (human hand touch) infants looked longer to the screen irrespectively of the synchrony with the tactile stimulation and the velocity to which the touch was performed. Therefore, in the hand condition the absence of a visual preference for the synchronous video could be due to a celling effect in the looking time toward biological movement. Recent studies indicate that in adults the visual appearance of the own arm modulates the perceived pleasantness of touch (Keizer et al., 2019); moreover, cortical responses to vicarious tactile interactions are already present by 4-month of age (Rigato et al., 2019). These results point out the importance of the visual context in modulating responses to tactile stimulation. In the present study, infants’ visual behavior was shown to be differently modulated by the tactile information when infants were looking at biological movement compare to when they were looking to movement of an inanimate object. This suggest that there is a difference in how infants process skin to skin vs. object contact; however, the paradigm that we used in the present study cannot differentiate between the separate role of visual and the tactile information. Future investigations should be done to better understand the interplay between touch and vision in multisensory integration of bodily signals, taking into account the length and the salience of the visual stimuli.



CONCLUSION

In conclusion, for the first time this study shows that affective touch may have a fundamental role in the development of bodily self-awareness in early infancy, as reflected by their ability to detect contingency between visual and tactile body-related stimulation. These findings pave the way for new perspectives for future research, showing that infants’ early sensitivity to affective touch may have a crucial role in the acquisition of body awareness and in distinguishing oneself from others with cascading effects on interpersonal engagement and social cognition abilities.



DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation, to any qualified researcher.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by the Comitato Etico della Ricerca Psicologica Area 17 Dipartimenti/Sezione di Psicologia Università degli Studi di Padova. Written informed consent to participate in this study was provided by the participants’ legal guardian/next of kin.



AUTHOR CONTRIBUTIONS

LD, MF, and TF discussed the project, developed the hypothesis, and designed the method. LD prepared the materials. DD contributed to the provision of the resources (laboratory spaces and participants). LD collected and analyzed the data. TF and DD supervised the data collection. LD and MF prepared the manuscript. All authors approved the final version of the manuscript.



FUNDING

TF was supported by the Wellcome Trust (073985/Z/03/Z) and Pro Beneficentia Stiftung (Liechtenstein).


ACKNOWLEDGMENTS

We are grateful to the infants who took part in this study and their parents for their fundamental contribution. We would like to thank the medical and nursing staff of the Pediatric Unit of the Hospital of Monfalcone for their collaboration. We are particularly grateful to Martina De Eccher for helping with data collection and Marco Godeas for preparing the software.


REFERENCES

Ackerley, R., Wasling, H. B., Liljencrantz, J., Olausson, H., Johnson, R. D., and Wessberg, J. (2014). Human C-tactile afferents are tuned to the temperature of a skin-stroking caress. J. Neurosci. 34, 2879–2883. doi: 10.1523/JNEUROSCI.2847-13.2014

Addabbo, M., Longhi, E., Bolognini, N., Senna, I., Tagliabue, P., and Macchi Cassia, V. (2015). Seeing touches early in life. PLoS One 10:e0134549. doi: 10.1371/journal.pone.0134549

Aguirre, M., Couderc, A., Epinat-Duclos, J., and Mascaro, O. (2019). Infants discriminate the source of social touch at stroking speeds eliciting maximal firing rates in CT-fibers. Dev. Cogn. Neurosci. 36:100639. doi: 10.1016/j.dcn.2019.100639

Bahrick, L. E., and Watson, J. S. (1985). Detection of intermodal proprioceptive-visual contingency as a potential basis of self-perception in infancy. Dev. Psychol. 21, 963–973. doi: 10.1037/0012-1649.21.6.963

Baier, B., and Karnath, H. O. (2008). Tight link between our sense of limb ownership and self-awareness of actions. Stroke 39, 486–488. doi: 10.1161/strokeaha.107.495606

Bertenthal, B. I., Proffitt, D. R., and Cutting, J. E. (1984). Infant sensitivity to figural coherence in biomechanical motions. J. Exp. Child Psychol. 37, 213–230. doi: 10.1016/0022-0965(84)90001-8

Bjornsdotter, M., Gordon, I., Pelphrey, K. A., Olausson, H., and Kaiser, M. D. (2014). Development of brain mechanisms for processing affective touch. Front. Behav. Neurosci. 8:24. doi: 10.3389/fnbeh.2014.00024

Bjornsdotter, M., Löken, L., Olausson, H., and Wessberg, J. (2009). Somatotopic organization of gentle touch processing in posterior insular cortex. J. Neurosci. 29, 9314–9320. doi: 10.1523/JNEUROSCI.0400-09.2009

Bjornsdotter, M., Morrison, I., and Olausson, H. (2010). Feeling good: on the role of C fiber mediated touch in interoception. Exp. Brain Res. 207, 149–155. doi: 10.1007/s00221-010-2408-y

Botvinick, M., and Cohen, J. (1998). Rubber hands’ feel’touch that eyes see. Nature 6669, 756–756. doi: 10.1038/35784

Craig, A. D. (2009). How do you feel now? The anterior insula and human awareness. Nat. Rev. Neurosci. 10, 59–70. doi: 10.1038/nrn2555

Craig, A. D. (2002). Opinion: how do you feel? Interoception: the sense of the physiological condition of the body. Nat. Rev. Neurosci. 3:655. doi: 10.1038/nrn894

Craig, A. D. (2003). Interoception: the sense of the physiological condi- tion of the body. Curr. Opin. Neurobiol. 13, 500–505. doi: 10.1016/s0959-4388(03)00090-4

Crucianelli, L., and Filippetti, M. L. (2018). Developmental perspectives on interpersonal affective touch. Topoi 1–12.

Crucianelli, L., Metcalf, N. K., Fotopoulou, A. K., and Jenkinson, P. M. (2013). Bodily pleasure matters: velocity of touch modulates body ownership during the rubber hand illusion. Front. Psychol. 4:703. doi: 10.3389/fpsyg.2013.00703

Datavyu Team (2014). Datavyu: A Video Coding Tool. New York, NY: New York University.

Davidovic, M., Karjalainen, L., Starck, G., Wentz, E., Bjornsdotter, M., and Olausson, H. (2018). Abnormal brain processing of gentle touch in anorexia nervosa. Psychiatry Res. 281, 53–60. doi: 10.1016/j.pscychresns.2018.08.007

Della Longa, L., Gliga, T., and Farroni, T. (2019). Tune to touch: affective touch enhances learning of face identity in 4-month-old infants. Dev. Cogn. Neurosci. 35, 42–46. doi: 10.1016/j.dcn.2017.11.002

Fairhurst, M. T., Löken, L., and Grossmann, T. (2014). Physiological and behavioral responses reveal 9-month-old infants’ sensitivity to pleasant touch. Psychol. Sci. 25, 1124–1131. doi: 10.1177/0956797614527114

Feldman, R. (2011). “Maternal touch and the developing infant,” in The Handbook of Touch: Neuroscience, Behavioral, and Health Perspectives, eds M. J. Hertenstein and S. J. Weiss, (New York, NY: Springer), 373–407

Feldman, R., Rosenthal, Z., and Eidelman, A. I. (2014). Maternal-preterm skin-to-skin contact enhances child physiologic organization and cognitive control across the first 10 years of life. Biol. Psychiatry 75, 56–64. doi: 10.1016/j.biopsych.2013.08.012

Feldman, R., Singer, M., and Zagoory, O. (2010). Touch attenuates infants’ physiological reactivity to stress. Dev. Sci. 13, 271–278. doi: 10.1111/j.1467-7687.2009.00890.x

Field, T. (1998). Touch therapy effects on development. Int. J. Behav. Dev. 22, 779–797 doi: 10.1080/016502598384162

Filippetti, M. L., Farroni, T., and Johnson, M. H. (2016). Five-month-old infants’ discrimination of visual-tactile synchronous facial stimulation. Infant Child Dev. 25, 317–322. doi: 10.1002/icd.1977

Filippetti, M. L., Johnson, M. H., Lloyd-Fox, S., Dragovic, D., and Farroni, T. (2013). Body perception in newborns. Curr. Biol. 23, 2413–2416. doi: 10.1016/j.cub.2013.10.017

Filippetti, M. L., Orioli, G., Johnson, M. H., and Farroni, T. (2015). Newborn body perception: sensitivity to spatial congruency. Infancy 20, 455–465. doi: 10.1111/infa.12083

Fotopoulou, A., and Tsakiris, M. (2017). Mentalizing homeostasis: the socialorigins of interoceptive inference. Neuropsychoanalysis 19, 3–28 doi: 10.1080/15294145.2017.1294031

Fox, R., and McDaniels, C. (1982). The perception of biological motion by human infants. Science 218, 486–487. doi: 10.1126/science.7123249

Gallagher, S. (2000). Philosophical concepts of the self: implications for cognitive sciences. Trends Cogn. Sci. 4, 14–21 doi: 10.1016/s1364-6613(99)01417-5

Gelman, A., and Hill, J. (2007). Data Analysis Using Regression and Multilevel/Hierarchical Models. Cambridge: Cambridge University Press.

Gergely, G., and Watson, J. S. (1999). “Early socio-emotional development: contingency perception and the social-biofeedback model,” in Early Social Cognition: Understanding Others in the First Months of Life, ed P. Rochat, (Mahwah, NJ: Lawrence Erlbaum Associates Publishers). 101–136.

Gordon, I., Voos, A. C., Bennett, R. H., Bolling, D. Z., Pelphrey, K. A., and Kaiser, M. D. (2013). Brain mechanisms for processing affective touch. Hum. Brain Mapp. 34, 914–922 doi: 10.1002/hbm.21480

Hallgren, K. A. (2012). Computing inter-rater reliability for observational data: an overview and tutorial. Tutor. Quant. Methods Psychol. 8, 23–34. doi: 10.20982/tqmp.08.1.p023

Johnson, M. H. (2001). Functional brain development in humans. Nat. Rev. Neurosci. 2, 475–483 doi: 10.1038/35081509

Johnson, M. H. (2011). Interactive specialization: a domain-general framework for human functional brain development? Dev. Cogn. Neurosci. 1, 7–21. doi: 10.1016/j.dcn.2010.07.003

Jönsson, E. H., Kotilahti, K., Heiskala, J., Backlund Wasling, H. B., Olausson, H., Croy, I. et al. (2018). Affective and non-affective touch evoke differential brain responses in 2-month-old infants. NeuroImage 169, 162–171. doi: 10.1016/j.neuroimage.2017.12.024

Keizer, A., de Jong, J. R., Bartlema, L., and Dijkerman, C. (2019). Visual perception of the arm manipulates the experienced pleasantness of touch. Dev. Cogn. Neurosci. 35, 104–108. doi: 10.1016/j.dcn.2017.09.004

Kida, T., and Shinohara, K. (2013). Gentle touch activates the prefrontal cortex in infancy: an NIRS study. Neurosci. Lett. 541, 63–66. doi: 10.1016/j.neulet.2013.01.048

Kress, I. U., Minati, L., Ferraro, S., and Critchley, H. D. (2011). Direct skin-to-skin versus indirect touch modulates neural responses to stroking versus tapping. NeuroReport 22, 646–651. doi: 10.1097/WNR.0b013e328349d166

Lloyd, D. M., Gillis, V., Lewis, E., Farrell, M. J., and Moeeison, I. (2013). Pleasant touch moderates the subjective but not objective aspects of body perception. Front. Behav. Neurosci. 7:207. doi: 10.3389/fnbeh.2013.00207

Löken, L. S., Wessberg, J., McGlone, F., and Olausson, H. (2009). Coding of pleasant touch by unmyelinated afferents in humans. Nat. Neurosci. 12, 547–548. doi: 10.1038/nn.2312

Longhi, E., Bolognini, N., Tagliabue, P., Senna, I., Bulf, H., Macchi Cassia, V. et al. (2015). Discrimination of biomechanically possible and impossible hand movements at birth. Child Dev. 86, 632–641. doi: 10.1111/cdev.12329

Maister, L., Tang, T., and Tsakiris, M. (2017). Neurobehavioral evidence of interoceptive sensitivity in early infancy. eLife 6:e25318 doi: 10.7554/eLife.25318

McGlone, F., Wessberg, J., and Olausson, H. (2014). Discriminative and affective touch: sensing and feeling. Neuron 82, 737–755. doi: 10.1016/j.neuron.2014.05.001

Miguel, H. O., Lisboa, I. C., Gonçalves, Ó. F., and Sampaio, A. (2017). Brain mechanisms for processing discriminative and affective touch in 7-month-old infants. Dev. Cogn. Neurosci. 35, 20–27. doi: 10.1016/j.dcn.2017.10.008

Morgan, R., and Rochat, P. (1997). Intermodal calibration of the body in early infancy. Ecol. Psychol. 9, 1–23 doi: 10.1207/s15326969eco0901_1

Morrison, I., Löken, L. S., and Olausson, H. (2010). The skin as a social organ. Exp. Brain Res. 204, 305–314. doi: 10.1007/s00221-009-2007-y

Olausson, H., Lamarre, Y., Backlund, H., Morin, C., Wallin, B. G., Starck, G., et al. (2002). Unmyelinated tactile afferents signal touch and project to insular cortex. Nat. Neurosci. 5:900. doi: 10.1038/nn896

Palmer, C. E., and Tsakiris, M. (2018). Going at the heart of social cognition: is there a role for interoception in self-other distinction? Curr. Opin. Psychol. 24, 21–26. doi: 10.1016/j.copsyc.2018.04.008

Panagiotopoulou, E., Filippetti, M. L., Tsakiris, M., and Fotopoulou, A. (2017). Affective touch enhances self-face recognition during multisensory intergation. Sci. Rep. 7:12883. doi: 10.1038/s41598-017-13345-9

Parise, C. V., and Ernst, M. O. (2016). Correlation detection as a general mechanism for multisensory intergation. Nat. Commun. 7:11543 doi: 10.1038/ncomms11543

Pelaez-Nogueras, M., Gewirtz, J. L., Field, T., Cigales, M., Malphurs, J., Clasky, S., et al. (1996). Infants’ preference for touch stimulation in face-to-face interactions. J. Appl. Dev. Psychol. 17, 199–213. doi: 10.1016/s0193-3973(96)90025-8

Petkova, V. I., and Ehrsson, H. H. (2008). If i were you: perceptual illusion of body swapping. PLoS One 3:e3832. doi: 10.1371/journal.pone.0003832

Pirazzoli, L., Lloyd-Fox, S., Braukmann, R., Johnson, M., and Gliga, T. (2019). Hand or spoon? Exploring the neural basis of affective touch in 5-month-old infants. Dev. Cogn. Neurosci. 35, 28–35. doi: 10.1016/j.dcn.2018.06.002

R Core Team (2013). R: A Language and Environment for Statistical Computing. Vienna: R Foundation for Statistical Computing.

Rigato, S., Banissy, M. J., Romanska, A., Thomas, R., van Velzen, J., and Bremner, A. J. (2019). Cortical signatures of vicarious tactile experience in four-month-old infants. Dev. Cogn. Neurosci. 35, 75–80. doi: 10.1016/j.dcn.2017.09.003

Riva, G. (2018). The neuroscience of body memory: from the self through the space to others. Cortex 104, 241–260. doi: 10.1016/j.cortex.2017.07.013

Rochat, P., and Morgan, R. (1995). Spatial determinants in the perception of self-produced leg movements in 3- to 5-month-old infants. Dev. Psychol. 31, 626–636 doi: 10.1037//0012-1649.31.4.626

Slaughter, V., and Brownell, C. A. (2012). Cambridge Studies in Cognitive and Perceptual Development. Early Development of Body Representations. Cambridge: Cambridge University Press.

Stack, D. M., and Muir, D. W. (1992). Adult tactile stimulation during face-to-face interactions modulates five-month-olds’ affect and attention. Child Dev. 63, 1509–1525. doi: 10.1111/j.1467-8624.1992.tb01711.x

Suzuki, K., Garfinkel, S. N., Critchley, H. D., and Seth, A. K. (2013). Multisensory integration across exteroceptive and interoceptive domains modulates self-experience in the rubber-hand illusion. Neuropsychologia 51, 2909–2917. doi: 10.1016/j.neuropsychologia.2013.08.014

Tsakiris, M. (2017). The multisensory basis of the self: from body to identity to others. Quart. J. Exp. Psychol. 70, 597–609. doi: 10.1080/17470218.2016.1181768

Tsakiris, M. (2008). Looking for myself: current multisensory input alters self-face recognition. PLoS One 3:e4040. doi: 10.1371/journal.pone.0004040

Tsakiris, M., Tajadura-Jiménez, A., and Costantini, M. (2011). Just a heartbeat away from one’s body: interoceptive sensitivity predicts malleability of body-representations. Proc. R. Soc. B Biol. Sci. 278, 2470–2476. doi: 10.1098/rspb.2010.2547

Turati, C., Valenza, E., Leo, I., and Simion, F. (2005). Three-month-olds’ visual preference for faces and its underlying visual processing mechanisms. J. Exp. Child Psychol. 90, 255–273. doi: 10.1016/j.jecp.2004.11.001

Tuulari, J. J., Scheinin, N. M., Lehtola, S., Merisaari, H., Saunavaara, J., Parkkola, R. et al. (2019). Neural correlates of gentle skin stroking in early infancy. Dev. Cogn. Neurosci. 35, 36–41. doi: 10.1016/j.dcn.2017.10.004

van Stralen, H. E., van Zandvoort, M. J. E., Hoppenbrouwers, S. S., Vissers, L. M. G., Kappelle, L. J., and Dijkerman, H. C. (2014). Affective touch modulates the rubber hand illusion. Cognition 131, 147–158. doi: 10.1016/j.cognition.2013.11.020

Walker, S. C., and McGlone, F. P. (2013). The social brain: neurobiological basis of affiliative behaviours and psychological well-being. Neuropeptides 47, 379–393. doi: 10.1016/j.npep.2013.10.008

Zmyj, N., Jank, J., Schütz-Bosbach, S., and Daum, M. M. (2011). Detection of visual–tactile contingency in the first year after birth. Cognition 120, 82–89 doi: 10.1016/j.cognition.2011.03.001

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2020 Della Longa, Filippetti, Dragovic and Farroni. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.











	 
	ORIGINAL RESEARCH
published: 04 February 2020
doi: 10.3389/fpsyg.2020.00118





[image: image]

Integrated Communication System: Gesture and Language Acquisition in Typically Developing Children and Children With LD and DLD

Carina Lüke1,2*, Ute Ritterfeld2, Angela Grimminger1, Katharina J. Rohlfing1 and Ulf Liszkowski3

1Faculty of Arts and Humanities, Psycholinguistics, Paderborn University, Paderborn, Germany

2Department of Language and Communication, School of Rehabilitation Sciences, TU Dortmund University, Dortmund, Germany

3Developmental Psychology, Institute of Psychology, University of Hamburg, Hamburg, Germany

Edited by:
Alessandra Sansavini, University of Bologna, Italy

Reviewed by:
Silvia Nieva, Complutense University of Madrid, Spain
Alfonso Igualada, Open University of Catalonia, Spain

*Correspondence: Carina Lüke, carina.lueke@uni-paderborn.de

Specialty section: This article was submitted to Developmental Psychology, a section of the journal Frontiers in Psychology

Received: 15 September 2019
Accepted: 15 January 2020
Published: 04 February 2020

Citation: Lüke C, Ritterfeld U, Grimminger A, Rohlfing KJ and Liszkowski U (2020) Integrated Communication System: Gesture and Language Acquisition in Typically Developing Children and Children With LD and DLD. Front. Psychol. 11:118. doi: 10.3389/fpsyg.2020.00118

Gesture and language development are strongly connected to each other. Two types of gestures in particular are analyzed regarding their role for language acquisition: pointing and iconic gestures. With the present longitudinal study, the predictive values of index-finger pointing at 12 months and the comprehension of iconic gestures at 3;0 years for later language skills in typically developing (TD) children and in children with a language delay (LD) or developmental language disorder (DLD) are examined. Forty-two monolingual German children and their primary caregivers participated in the study and were followed longitudinally from 1;0 to 6;0 years. Within a total of 14 observation sessions, the gestural and language abilities of the children were measured using standardized as well as ad hoc tests, parent questionnaires and semi-natural interactions between the child and their caregivers. At the age of 2;0 years, 10 of the 42 children were identified as having a LD. The ability to point with the extended index finger at 1;0 year is predictive for language skills at 5;0 and 6;0 years. This predictive effect is mediated by the language skills of the children at 3;0 years. The comprehension of iconic gestures at 3;0 years correlates with index-finger pointing at 1;0 year and also with earlier and later language skills. It mediates the predictive value of index-finger pointing at 1;0 year for grammar skills at 5;0 and 6;0 years. Children with LD develop the ability to understand the iconicity in gestures later than TD children and score lower in language tests until the age of 6;0 years. The language differences between these two groups of children persist partially until the age of 5;0 years even when the two children with manifested DLD within the group of children with LD are excluded from analyses. Beyond that age, no differences in the language skills between children with and without a history of LD are found when children with a manifest DLD are excluded. The findings support the assumption of an integrated speech–gesture communication system, which functions similarly in TD children and children with LD or DLD, but with a time delay.

Keywords: language acquisition, developmental language disorder, language delay, pointing, iconic gestures


INTRODUCTION

Gesture and language acquisitions are related to each other: From the end of their first year of life infants are using gestures and oral language to understand others and to communicate with them, with both serving as means of communication. In this line, McNeill (1992) and Kendon (2004) propose that gestures and oral language form an integrated communication system. Findings from studies with children and adults producing utterances with semantic supplementary and reinforcing gesture-word-combinations (e.g., Eriksson, 2018) as well as results indicating lower performances in gesture tasks in language-impaired populations compared to typically developed speakers (e.g., Botting et al., 2010; Wray et al., 2016) support the assumption of such an integrated communication system. However, based on findings that gestures facilitate word retrieval in language impaired adults, other authors (e.g., Hadar et al., 1998) argue for two separate systems.

The empirical research, especially in the past two decades, provides a multitude of findings about the relationship between gestures and oral language in typically developing (TD) children and children with a language delay or even disorder (e.g., Botting et al., 2010; Colonnesi et al., 2010; Mainela-Arnold et al., 2014; Wray et al., 2017; Iverson et al., 2018). Two types of gestures and their role in language acquisition are the focus of research. These two types are pointing gestures and iconic gestures.

Pointing gestures are one of the first means of intentional communication and a subtype of deictic gestures which are used to refer to something (mostly) in immediate surroundings (Bates, 1976; Liszkowski, 2008). Infants start to use pointing gestures within the second half of their first year of life and often before beginning with word production. First, infants use so called whole-hand points, in which the arm and the hand are extended toward a referent, followed by index-finger points, in which the arm and the index finger are clearly extended toward a referent (Lock et al., 1990; Liszkowski and Tomasello, 2011; Lüke et al., 2017b). Based on the large number of studies it is undisputable that the production of pointing gestures is a strong predictor for later language skills (for a meta-analysis see Colonnesi et al., 2010 (for recent research see Murillo and Belinchón, 2012; Beuker et al., 2013; Kuhn et al., 2014; Lüke et al., 2017a, 2019; Salo et al., 2018). Yet, there is some debate about the specific aspect of pointing gestures responsible for this predictive value. The following features are analyzed and discussed: 1. Onset or ability to produce pointing gestures at a certain age (Lüke et al., 2017a, 2019; McGillion et al., 2017); 2. Number of pointing gestures (Beuker et al., 2013; Kuhn et al., 2014; Lüke et al., 2017b); 3. Intention of pointing gestures (Colonnesi et al., 2010; Lüke et al., 2017a; Salo et al., 2018); 4. Hand shape of pointing gestures (Liszkowski and Tomasello, 2011; Murillo and Belinchón, 2012; Lüke et al., 2017a, b, 2019); 5. Number of referents (Rowe et al., 2008; Rowe and Goldin-Meadow, 2009); and 6. Combination with words (Desmarais et al., 2008; Fasolo and D’Odorico, 2012; Murillo and Belinchón, 2012; Cartmill et al., 2014; Igualada et al., 2015; Grimminger et al., 2016; Eriksson, 2018). While previously the intention of pointing gestures seemed to be essential for their predictive value (Colonnesi et al., 2010), more recent research indicates that the onset of pointing gestures, the hand shape, the combination of pointing gestures and words, and the number of different referents are better predictors for later language skills (Rowe and Goldin-Meadow, 2009; Lüke et al., 2017a, 2019; Eriksson, 2018). Lüke et al. (2017a) showed that at the age of 12 months the hand shape and not the intention of pointing gestures is responsible for the predictive value. At this age index-finger points, but not hand points, are strongly predictive for later language skills regardless of their intention (imperative vs. declarative). The strong predictive value of pointing gestures has mostly been analyzed within the first 3 years of life. A few studies show that early pointing gestures are predictive for language skills until the age of 4;0–4;6 (years; months) (Cartmill et al., 2014; Lüke et al., 2019). Beyond that age, no studies can be found (cf. Rohlfing, 2019).

The strong relation between early pointing gestures and language skills is not only found in TD children, but also in children with high risk for developmental disorders, such as: siblings of children with autism spectrum disorder (Baron-Cohen et al., 1992; Parladé and Iverson, 2015; Iverson et al., 2018; Sansavini et al., 2019), extremely preterm infants (Benassi et al., 2018; Sansavini et al., 2019), and children with Down Syndrome (te Kaat-van den Os et al., 2015). However, there are hardly any studies about early pointing behavior within a comparatively large group of children, namely children with language delay (LD) and developmental language disorder (DLD). Children with LD, often called late talkers, are children between the age of 2;0 and 2;11 with limited language skills. Often, their productive vocabulary is small (<50 words) and they do not produce two-word-combinations (Desmarais et al., 2008). Around 15–20% of all children display a LD (Reilly et al., 2007). Receptive language deficits, a family history of language disorders, and a low maternal level of education are negative predictors for later language skills within this group (Desmarais et al., 2008; Reilly et al., 2018). The prognosis for an individual child with LD is rather poor. Depending on the outcome variable and the inclusion criteria of the children within studies, around 20–80% of the children with LD catch up in their language skills until their third birthday (Rescorla et al., 1997; Dale et al., 2003; Miniscalco et al., 2005). With the remaining children LD persists and eventually manifests as DLD. Children with DLD have significant language problems with a substantial “impact on everyday social interactions or educational progress” (Bishop et al., 2017, p. 1070), which are likely to persist into middle childhood and beyond, but without any known differentiating condition such as for example, Down Syndrome (Bishop et al., 2017). About 7–8% of preschool-children are affected by such significant language problems (Tomblin et al., 1997; Norbury et al., 2016), which are high risk factors for educational success, mental health, and a fulfilling social life into adulthood (Tomblin et al., 2003; Clegg et al., 2005; Law et al., 2009).

Longitudinal studies with siblings of children with autism spectrum disorder often comprise three different outcome groups: Siblings without developmental disorders, siblings with LD, and siblings with autism spectrum disorder (Parladé and Iverson, 2015; Iverson et al., 2018). From these studies we know that not only the siblings who turned out to be within the autism spectrum themselves, but also the siblings with a later diagnosis of LD produce a lower number of gestures early in their development and have a lower rate of initial growth in early gestures than TD children (Parladé and Iverson, 2015; Iverson et al., 2018; Sansavini et al., 2019). For children with LD, Bello et al. (2018) found that conspicuously more of them do not produce declarative pointing gestures compared to TD children. Beyond that, O’Neill and Chiat (2015) and O’Neill et al. (2019) showed that children with a receptive-expressive LD score more poorly in gesture production tasks than children with an expressive-only LD and that the performance in the gesture tasks in turn predicts later language skills. In earlier publications concerning the sample presented here, we found that children who do not point with the extended index finger at 12 months are at higher risk for LD at 2;0 compared to children who do produce index-finger points at 12 months of age (Lüke et al., 2017a). Further, children with typical language development reduce the use of whole-hand points within the second year of life, but children with LD do not, so that at the end of the second year of life, children with LD use more pointing gestures in total than TD children (Lüke et al., 2017b).

Many more studies about iconic gestures in children with LD and DLD have been published. Iconic gestures represent semantic information in their form or movement (e.g., opening and closing the extended index and middle finger to represent scissors). This research focuses on four different aspects of iconic gestures: (1) Comprehension of the iconicity of iconic gestures (Botting et al., 2010; Wray et al., 2016; Perrault et al., 2019); (2) Production of iconic gestures during specific tasks such as narrative tasks, picture description, or in shared book-reading situations (Iverson and Braddock, 2011; Mainela-Arnold et al., 2014; Lavelli et al., 2015; Lavelli and Majorano, 2016; Wray et al., 2016, 2017); (3) The beneficial effect of iconic gestures for word learning (Ellis Weismer and Hesketh, 1993; Lüke and Ritterfeld, 2014; Vogt and Kauschke, 2017); (4) Adaptation in parental input (Grimminger et al., 2010; Wray and Norbury, 2018). Tolar et al. (2008) showed in their cross-sectional study with TD children that the ability to understand the meaning of iconic gestures even in this group is only slightly developed, with just 14% of the 2;6-year-old children performing above chance. From the age of 3;0 more than half of the children perform above chance, but on average only 46% of all answers are correct at this age. The ability to comprehend the iconicity of the presented gestures increases further, so that the children between 4;6 and 5;0 match 76% of the gestures to the correct picture. The ability to recognize the meaning of iconic gestures at 2;6 and 3;0 is connected to productive lexical skills of the children. If they are able to name a picture, they are more likely to correctly match the iconic gesture to it.

Besides utilizing situational resources for communication, language learning comprises the ability to focus on some relevant aspects of entities. Iconic gestures can capture and refer to these aspects. In a study with 3-year-olds, Mumford and Kita (2014) argue that by viewing particular aspects of verbs (e.g., manner of actions vs. change-of-state) highlighted in gesture, children learned the presented verbs in accordance with those aspects that were encoded in gesture. From the current state of research on learning from iconic gestures, it is reasonable to assume that the ability to comprehend gestures relates to schematization processes that are crucial in conceptualizing events and learning their communicative meanings (Mumford and Kita, 2014; Rohlfing, 2019). Children with DLD seem to need more time for schematizing those processes: Botting et al. (2010) showed that children with DLD scored more poorly on a comprehension task which required them to integrate verbal and gestural information than TD children. The test consisted of a spoken sentence where the last word was expressed via gesture but not verbally. Beyond the poorer scores of the children with DLD, differences in the error patterns between the two groups were also found. Whereas TD children made more verbal language based errors (i.e., they chose a distractor that was semantically correct but only for the verbal part of the message), children with DLD made more gesture based errors by picking a distractor which was semantically correct but only for the gestural part of the message (Botting et al., 2010). These findings were replicated by Wray et al. (2016) and support the hypothesis of an integrated communication system by showing that children with DLD scored more poorly in the gesture comprehension task and relied more on the information which was delivered through gestures.

Findings from studies comparing iconic gesture production in children with DLD and TD children are more conflicting: While some authors found that children with DLD produce more gestures in gesture production tasks than TD children (Iverson and Braddock, 2011; Mainela-Arnold et al., 2014; Lavelli et al., 2015), others found no differences in the number of gestures produced (Botting et al., 2010; Wray et al., 2017), but in the accuracy of their production (Wray et al., 2017). These results also seem to depend on the language skills and age of the comparison group of TD children: In shared book-reading situations, children with DLD produce more gestures in total when compared to age-matched TD children, but a similar number of gestures when compared to language-matched TD children (Lavelli et al., 2015). Although, overall, all groups of children in this study produce mostly pointing gestures, children with DLD produce a higher rate of iconic gestures compared to TD children who are age matched, but not a higher rate in comparison to the younger, language-matched ones (Lavelli et al., 2015).

In another line of studies, the beneficial effect on word learning of iconic gestures in the input is documented in young TD children (e.g., Capone and McGregor, 2005; McGregor et al., 2009) and in children with DLD (Ellis Weismer and Hesketh, 1993; Lüke and Ritterfeld, 2014; Vogt and Kauschke, 2017). These findings are in line with the observation that mothers of children with LD or DLD intuitively adapt their input to their children by providing more pointing and iconic gestures in interactions than mothers of the same-aged TD children (Grimminger et al., 2010; Lavelli et al., 2015; Wray and Norbury, 2018). Lavelli et al. (2015) show again that this higher rate of gestures in maternal input of children with DLD is comparable to the number of gestures produced in maternal input of younger, language-matched TD children.

Taken together, gestures—especially pointing and iconic gestures—are strongly connected to language acquisition. While pointing gestures are mostly analyzed as a predictor variable, the focus on iconic gestures is situated in their comprehension, spontaneous production, and supportive effect on word learning. Little is known about the relation between these two types of gestures and the predictive value of iconic gesture comprehension for further language acquisition. The role of both gesture types is even more significant for children with LD and DLD. With the current study, we therefore investigate (1) whether the predictive value of index-finger pointing at 1;0 persists to language skills beyond the age of 4;0 (cf. Lüke et al., 2019) and, if so, whether children’s language skills during the intervening time period mediate this relation. We expect that the predictive value of index-finger pointing at 1;0 persists until the age of 6;0 years and that this relation is mediated by the language skills between 3;0 and 4;0 years of age. (2) Further, we want to investigate the relation of early index-finger pointing and later iconic gesture comprehension, two gestural parts of an integrated communication system. Based on this assumption of an integrated communication system, we also expect the ability to understand the iconicity of iconic gestures to be predictive for later language skills, too. (3) Since the predictive value of gestural skills is especially important for children with LD and DLD we investigate the developmental pathways of gesture and language skills in children identified as LD at 2;0 until the age of 6;0 and compare their developmental pathways with those of TD children. In addition to differences in language skills, we expect to find also differences in gestural skills between children with and without a LD.



MATERIALS AND METHODS


Participants

Forty-five children and their primary caregivers (96% mothers) participated in this longitudinal study. The data of three children was excluded because they did not participate after the age of 2;6 (2) or because of a chronic otitis media with several effusions (1). The final sample consists of 42 children (24 boys, 18 girls) with a mean age of 12 months and 7 days (SD = 15 days) at the beginning of the study. The families were recruited via the pediatricians of the children during their regular medical check-up between the children’s ages of 10 to 12 months. The pediatricians informed the families about the study and asked them if they were interested to participate. The medical personal was encouraged to especially invite families with a sibling or a parent with a history of language disorder to the study in order to increase the number of children with a higher risk of LD (Rice et al., 2009). This effort resulted in 8 of the 42 children being from families with at least one sibling or parent having a history of LD.

All children were raised as monolingual German speakers. Their general development was rated by their pediatricians and measured at the beginning of the study with a standardized test that included cognitive, motor, language, social, and emotional development (Entwicklungstest für Kinder von 6 Monaten bis 6 Jahren, ET 6-6 [Developmental test for children aged 6 months to 6 years], Petermann et al., 2008). According to pediatricians as well as standardized test results, all children were developing typically. At 3;6, the non-verbal IQ was measured using the non-verbal IQ-test SON-R (Tellegen et al., 2007). Information about the socioeconomic status (SES) of the family was collected via parent reports. On average, the children were being raised by parents with a rather high educational level and an average household income (compared to the median family income in Germany in the same year: Statistisches Bundesamt Deutschland, 2013). For further information on this sample see Lüke et al. (2019) and Lüke et al. (2017b).



Design and Procedure

This longitudinal study incorporates a total of 14 observation sessions over the course of 5 years (1;0, 1;2, 1;4, 1;6, 1;9, 2;0, 2;6, 3;0, 3;6, 4;0, 4;6, 5;0, 5;6, and 6;0; cf. Lüke et al., 2017a, b, 2019). Here, we refer to data from across the full time-period of data collection, specifically to data from 1;0, 3;0, 5;0, and 6;0 years of age.


Eliciting and Coding of Pointing Gestures

The gestural behavior of the children at 1;0 was captured in a semi-natural setting within a room equipped with 16 interesting objects and pictures (cf. Liszkowski and Tomasello, 2011). Caregivers were instructed to engage with their children while carrying them for 6 min and to look at various items without touching them. Caregivers were not aware of the aim of the study and the fact that gestures were being analyzed. Four cameras recorded the scene from the four corners of the room. Two research assistants coded the videos for the occurrence of pointing using the annotation tool ELAN (EUDICO Linguistic Annotator; Lausberg and Sloetjes, 2009). Pointing was defined as an extension of the hand and the arm at least more than halfway toward an object or picture without grabbing or touching it. Pointing gestures were coded either as index-finger points—when the index finger was clearly extended relative to all other fingers—or as hand points—when the index finger was not clearly extended relative to the other fingers. Based on this procedure, children were classified as index-finger pointers if they pointed at least once with the index finger or as hand pointers if they did not point with the index finger (cf. Liszkowski and Tomasello, 2011).

To assess interrater reliability, a random 10% of the collected data was coded twice and independently by the two coders. With Krippendorff′s α = 0.968, the interrater reliability for infants’ pointing was very good (cf. Krippendorff, 2013).



Measuring Comprehension of Iconic Gestures

The comprehension of iconic gestures was measured when the children were 3;0, 4;0 and 5;0, using an iconic gesture test that was developed for this study. The iconic gesture test consisted of 16 iconic signs from German Sign Language (Deutsche Gebärdensprache, DGS; Maisch and Wisch, 1994-2001) as test items and one further item for explaining and practicing the procedure (Table 1). The children were required to match each iconic sign to one of four colored drawings. Comparable to Tolar et al. (2008) the iconic signs were selected based on their iconicity and sign type. Initially, 20 signs that were perceived to be iconic, half categorized as perceptual and half as pantomime (cf. Tolar et al., 2008) were selected. Iconicity was determined based on ratings of 38 university students without any knowledge of sign language. The students were asked to match one of the four drawings to the presented signs. For 17 items, 100% of the students matched the correct drawing to the sign, so that these 17 items (16 test items and one training item) were chosen for the iconic gesture test (Table 1). The 16 test items were randomly ordered, and the target drawings were equally distributed between the four positions on the pages. The experimenter explained the procedure to the child (original in German, here translated in English): “Look, I show you some movements and you show me which of these pictures match with the movement. For example, show me [GESTURE].” For the training item, the children received feedback: in case of a correct answer for the training item: “Yes, that is correct. This [GESTURE] matches with a hat.” and in case of an incorrect answer: “No. Look, this [GESTURE] matches best with a hat (pointing to the picture of the hat).” For the test items, the experimenter gave no feedback regarding the children’s answers. The testing was videotaped, and the performances of the children were rated as either correct or incorrect based on these videos.


TABLE 1. Perceptual and pantomime iconic gestures of the iconic gesture test.

[image: Table 1]


Measuring Language Development

The language skills of the children were measured at the ages of 1;0, 2;0, 2;6, 3;0, 4;0, 5;0, and 6;0. To do so, two commonly used parent questionnaires (German versions of the MacArthur–Bates Communicative Development Inventories MCDI; Fenson et al., 2007) and various standardized tests were used. Table 2 gives an overview about the parental reports and tests used and the linguistic components addressed. Children were tested individually in a quiet and low-stimulus room.


TABLE 2. Parental reports and standardized tests used to measure language skills.

[image: Table 2]


Criteria for Language Delay and Developmental Language Disorder

Significant language difficulties were defined as a result of the children’s scores in the standardized language tests. For this reason, the results in at least one language subtest had to be 11/2 SD below the mean (i.e., T score of ≤35) and 1 SD below the mean in at least one additional language subtest presented in Table 2 (i.e., T score of <40). At the ages of 2;0 and 2;6, children who fulfilled these criteria received the diagnosis language delay (LD) and at the ages of 3;0, 4;0, 5;0, and 6;0 they received the diagnosis developmental language disorder (DLD).



Data Analysis Plan

Analyses focus on the prediction of language skills at 5;0 and 6;0. Therefore, eight multiple stepwise regression analyses were run with the independent variables: index-finger pointing at 1;0 (dichotomous), non-verbal IQ measured at 3;6 and the SES of the family; and the dependent variables: sentence comprehension, sentence repetition, word production, and grammar production at 5;0 and 6;0. Predictor variables were included if they significantly improved the ability of the models to predict the outcome variables.

Further to this, mediation analyses were performed using the PROCESS macro by Hayes (2018) to analyze whether the predictive value of index-finger pointing at 1;0 for language skills at 5;0 and 6;0 would be mediated by the language skills at 3;0. For the mediation analyses, the results of the three language tests (sentence comprehension, word production, and grammar production) at 3;0, 5;0, and 6;0 were summarized via principal component analyses for each age separately. The Kaiser-Meyer-Olkin measure verified the sampling adequacy for the analyses, KMO3;0 = 0.724, KMO5;0 = 0.726, KMO6;0 = 0.717. At all three ages one factor was extracted, because of their eigenvalues of 2.29 at 3;0, 2.48 at 5;0, and 2.19 at 6;0 being over Kaiser’s criterion of 1. This one factor explained 76.2% of the variance at 3;0, 82.7% at 5;0, and 73.1% at 6;0. For these principal component analyses, missing data were substituted with the mean value. Pairwise deletion was used in all other analyses.

Regarding the relation of early index-finger pointing, iconic gesture comprehension, and language skills Pearson-correlations were calculated. Based on these results, mediation analyses were performed using the PROCESS macro by Hayes (2018) to analyze whether the predictive value of index-finger pointing at 1;0 for language skills at 5;0 and 6;0 would be mediated by the iconic gesture comprehension at 3;0.

For comparing the gesture and language skills of the two groups of children (TD vs. LD) non-parametric tests (Mann-Whitney U) were used due to unequal sample sizes. As measure of effect size Pearson’s r is reported.



RESULTS


The Predictive Value of Index-Finger Points for Language Skills at 5;0 and 6;0

The ability to point communicatively with the extended index finger at the age of 12 months is predictive for almost all of the children’s measured linguistic skills and their working memory at 5;0 and 6;0 (Figure 1).


[image: image]

FIGURE 1. Final models of eight stepwise regression analyses with the independent variables: index-finger pointing at 1;0, non-verbal IQ measured at 3;6 and the SES of the family; and the dependent variables: sentence comprehension, sentence repetition, word production and grammar production at 5;0 and 6;0. Predictor variables were included if they could significantly improve the ability of the models to predict the outcome variables. Presented are standardized betas of the predictor variables and the R2 of the final models, *p < 0.05, **p < 0.01, ***p < 0.001. Detailed statistics are presented in the online Supplementary Materials.


Together with the SES of the family, the production of index-finger points accounts, for example, for 42% of the variance in the productive lexical skills of the children at 5;0 and 36% of the variance in the same competence at 6;0.

Looking at the language development of the children more closely, further analyses demonstrate that the language skills at 3;0 (sentence comprehension, word production and grammar production), both separately as well as combined via a factor analysis, predict later language skills at 5;0 and 6;0 and that the relation between the index-finger pointing at 1;0 and the later language skills is completely mediated by the language skills at 3;0 (Figures 2, 3).


[image: image]

FIGURE 2. Model of index-finger pointing at 1;0 as a predictor of language skills at 5;0, mediated by language skills at 3;0.
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FIGURE 3. Model of index-finger pointing at 1;0 as a predictor of language skills at 6;0, mediated by language skills at 3;0.




Relation Between Comprehension of Iconic Gestures, the Production of Index-Finger Points and Linguistic Skills

The ability to understand the iconicity in gestures was measured when the children were 3;0, 4;0 and 5;0. This ability correlates with earlier and later language skills (Table 3); the comprehension of iconic gestures at 3;0 in particular is strongly related to language abilities as well as to index-finger pointing at 1;0.


TABLE 3. Relation between comprehension of iconic gestures, index-finger pointing at 1;0 and language abilities (Pearson-correlation).

[image: Table 3]Comparable to the language skills of the children at 3;0, the comprehension of iconic gestures at 3;0 mediates the relation between the ability to point with the extended index finger at 1;0 and the grammar skills at 5;0 and 6;0 (Figures 4, 5). Yet, such a mediating effect of iconic gesture comprehension is not found for the relation between index-finger pointing at 1;0 and sentence comprehension or lexical skills at 5;0 and 6;0.
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FIGURE 4. Model of index-finger pointing at 1;0 as a predictor of productive grammar skills at 5;0, mediated by iconic gesture comprehension at 3;0.
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FIGURE 5. Model of index-finger pointing at 1;0 as a predictor of productive grammar skills at 6;0, mediated by iconic gesture comprehension at 3;0.




Gesture and Language Development of Children With LD and DLD

At 2;0, ten children from this sample were identified as language-delayed (Lüke et al., 2017b). The parents of these children were given the option to take part in two sessions with a speech-language pathologist, who explained and demonstrated language beneficial behavior and answered questions of the parents that they might have had about language acquisition. Nine of the ten families agreed to this option so that nine mothers and their children with LD received two sessions with the speech-language pathologist. At the age of 2;6 five of the ten children with LD caught up so that they no longer met the criteria for LD. The parents of the other five children were recommended to begin speech and language therapy (SLT) with their child in the clinic for SLT at the TU Dortmund University. At first, four of the five families started SLT, but one family discontinued the therapy after a few units. The two children who either did not receive or only participated for a very short time in SLT had amasses significant language deficits by the end of the study, when the children were 6;0. At least once a year, the parents of those two children were invited to a talk about their children’s development in which the importance of SLT for their children was highlighted. The parents refused to start SLT, in one case for personal reasons, in the other due to the parents’ diverging assessment of their child’s language skills. Table 4 gives an overview of the language development of the ten children who were identified as language-delayed at 2;0.


TABLE 4. Development of 10 children with LD at 2;0.

[image: Table 4]Comparing the two groups of children, TD children without any language problems at any time and children with LD at 2;0, revealed significantly lower language skills in children with LD at 2;0 all the way through the age of 6;0. These differences between the two groups are highly driven by the results of the two children with the apparent DLD. Excluding the two children with a DLD from the analyses, no differences between TD children and children with a history of LD were found in the word production task (Figure 6) but in the area of sentence comprehension, grammar production, and sentence repetition at 5;0 (Table 5). At the age of 6;0, no more differences in the language skills between the two groups are found when the two children with DLD are excluded from the analyses (Table 5).
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FIGURE 6. Performances in the word production tasks of children with TD (n = 29–32), children with a LD at 2;0 (n = 6–8) and two children with a DLD (DLD1 and DLD2) between 2;0 and 6;0.



TABLE 5. Comparison of the language skills of children with and without a history of LD.

[image: Table 5]Until the age of 5;0 differences in sentence comprehension, grammar production and sentence repetition were found between TD children and children with a history of LD, even when the children with a DLD were excluded from analyses. The same is true for the comprehension of iconic gestures. Children with LD at the age of 2;0 who caught up with or without the help of SLT by the age of 3;0, develop the comprehension of iconic gestures later than children without any history of LD (Table 6).


TABLE 6. Comparison of iconic gesture comprehension of children with and without a history of LD.
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DISCUSSION

This longitudinal study provided a total of 14 observation sessions, in which the gestural and language abilities of children as well as their communicative behavior within semi-natural interactions with the caregivers were assessed. At the age of 2;0 years, ten of the 42 children were identified as having a LD. Our analysis provides developmental insights into how early performance in gesture production and comprehension is predictive for earlier and later language skills. Below, we will present and discuss our findings according to the goal of this study which was threefold. First, we analyzed the predictive value of early index-finger pointing for language skills beyond the age of 4;0–4;6 (Cartmill et al., 2014; Lüke et al., 2019). The results show that the ability to point with the extended index finger at 12 months is predictive for receptive and productive language skills at 5;0 and 6;0 within the areas of lexicon, morphology, and syntax as well as for the phonological working memory. This is in line with current research (Colonnesi et al., 2010; Murillo and Belinchón, 2012; Beuker et al., 2013; Igualada et al., 2015; Lüke et al., 2017a, 2019), but extend these previous results across preschool childhood. The results of our comprehensive longitudinal study convincingly demonstrate an indirect predictive value of index-finger pointing at 12 months for language skills at 5;0 and 6;0 that is mediated by the language skills of the children at 3;0. Index-finger pointing as one of the first means of intentional communication is related to more advanced verbal communicative skills at 3;0 such as productive lexicon and sentence production and comprehension. At 3;0, these linguistic skills in turn are related to more advanced lexical and syntactic skills 2 and 3 years later.

For the second goal, the relation between early index-finger pointing, iconic gesture comprehension, and later language skills was investigated. We argued that iconic gesture comprehension reflects the children’s ability to select relevant aspects of the referent. We found that children’s understanding of iconic gestures correlated with both, early index-finger pointing and earlier as well as later language skills. Moreover, iconic gesture comprehension was found to be predictive for later grammar skills and mediates the predictive value of index-finger pointing at 1;0 for grammar skills at 5;0 and 6;0.

These first two findings of the strong and long-lasting predictive merit of index-finger pointing at 12 months and also the predictive value of iconic gesture comprehension for later language skills support the view that the communication system is not only a multimodal integrated system (cf. McNeill, 1992) but also develops in an integrated way. Volterra et al., 2017, p. 34) came, based on their research, to the same conclusion and stated that “gesture and speech emerge at about the same time, refer to the same broad set of referents, and serve similar communicative functions.”

The strong relation between gestures and language skills is even more important in children with LD and DLD, who were focused on as the third goal of this study. Children with LD and especially with DLD have limited language competencies, which impact their daily social activities and their educational success (Law et al., 2009; Bishop et al., 2017). They often start to talk later than TD children and have a smaller expressive vocabulary than their unimpaired peers (Desmarais et al., 2008) so they use gestures without speech as a means of communication over a longer period (Lüke et al., 2017b). In accordance with this delay, it is not surprising that in many studies accounting for the gesture use in children with and without language disorders, children with significant language problems produce more gestures than TD children of the same age (Iverson and Braddock, 2011; Mainela-Arnold et al., 2014; Lavelli et al., 2015) but as many as younger, language-matched children (Lavelli et al., 2015). Even in studies in which the rate of gesture productions in children with DLD is not higher than the rate in TD children of the same age, children with DLD use gestures more often in an extending way, i.e., adding new information to the verbal utterance through the gesture (Wray et al., 2017). This indicates that children with DLD rely more on gestures to convey their communicative intentions as well as to understand their communication partners. In the study by Botting et al. (2010), children with DLD performed less well in comparison to their TD peers in a speech–gesture integration task but focused more on the information that was expressed by gesture than by speech. This means that although children with LD or DLD score more poorly in a gesture comprehension task—as it was found by Botting et al. (2010) as well as in our own study—they can benefit from the presentation of iconic gestures during word learning (Ellis Weismer and Hesketh, 1993; Lüke and Ritterfeld, 2014; Vogt and Kauschke, 2017).

The findings of our longitudinal study regarding children with LD and DLD support the current state of research and expand it by showing that children with LD start to produce index-finger points at a later age (Lüke et al., 2017b), use more hand and index-finger points at the end of the second year of life (Lüke et al., 2017b), and develop the ability to understand iconic gestures later than their TD peers. The gestural development of children with LD and DLD does not seem to be entirely different from the developmental pathways in TD children but is time-delayed. This delay in development is supported by studies conducted in comparison to groups of TD children who are of the same age and to language-matched children who are younger; these studies show that the gestural behavior of children with LD or DLD is comparable to the performances of the younger, language-matched children (Lavelli et al., 2015). However, all evidence indicates that speech and gesture form an integrated communication system that functions similarly in children with and without language problems. Facing these similarities, the question appears how to explain the benefits of iconic gestures presentation for word learning in both groups, young TD children, and children with LD or DLD (e.g., McGregor et al., 2009; Lüke and Ritterfeld, 2014; Vogt and Kauschke, 2017; van Berkel-van Hoof et al., 2019). Similar results were found for language interventions administered by trained parents or by speech-language pathologists (Law et al., 2009; Roberts and Kaiser, 2011): Children with LD and DLD score lower on language and gesture tasks, but they also benefit from the presentation of more and specific language and gesture input. Parents seem to be sensitive to this effect because they do not only intuitively adapt their verbal input toward their child with LD, as it has been found in many studies (for a review see Blackwell et al., 2015), but also their gestural input (Grimminger et al., 2010; Lavelli et al., 2015; Wray and Norbury, 2018). This means that children with LD or DLD can benefit from the presentation of iconic gestures during word learning as well as they benefit from SLT, although their gestural and language abilities are lower compared to TD peers. Beneficial effects of gesture and language interventions do not pose a contradiction to the assumption of an integrated communication system.

However, the small number of children with LD and DLD in our sample limits the general statements of our study. As stated above, data from large, population-based studies is needed to examine whether the absence of index-finger pointing at 12 months is a valid indicator of a LD. A further limitation is that with the advancing age of the children, we only investigated their iconic gesture comprehension but have no test on their iconic gesture production—a communicative ability that was considered as relevant for language acquisition in other studies (e.g., Botting et al., 2010; Wray et al., 2017). We decided to capture iconic gestures skills in a way which would be least associated with language skills and followed the procedure of Tolar et al. (2008) instead of other procedures which focus directly on the competence to integrate gesture and speech (Botting et al., 2010; Sekine et al., 2015; Wray et al., 2016). We did so, because Botting et al. (2010) and Wray et al. (2016) already showed that children with DLD perform worse in speech–gesture integration tasks compared to TD children. Still, further information on (iconic) gesture development would have been helpful since some questions remain: Although the comprehension of iconic gestures is related to earlier and later language skills and to early index-finger pointing, why is it only predictive for later grammar production skills? Other aspects of iconic gesture comprehension, as measured with speech–gesture integration tasks (Botting et al., 2010; Sekine et al., 2015) or iconic gesture production tasks, could support our understanding of specific relations between gestural and verbal competencies and should be used in further longitudinal studies.

Despite the limits of our study, the strong relation of gesture and language acquisition might be helpful for early identification of children with high risk for LD. In further research, the possibility of using early gestural competencies as a valid screening instrument for LD should be addressed in a large, representative sample including mono- and bilingual children. The method of capturing the gestural abilities of the children should be analyzed systematically in such a study, since methods vary widely.

For research on multimodal communication, our findings raise the necessity to be aware not only of individual differences but also of a subgroup of children who is likely to be a part of any sample in longitudinal studies, namely children with LD or DLD. In contrast to current practices averaging children’s performance and thus generalizing findings to a typical pattern of behavior in developmental studies, we suggest to pay greater attention to this subgroup or individual children performing low on language. We argue that with this special attention, research can reveal a more comprehensive picture on the developmental paths of language and gesture. Moreover, in research focusing on children with LD and DLD inclusion criteria are crucial for the value of predictive variables: For example, the epidemiologic study by Reilly et al. (2018) shows that classifying children as LD (in their study: late talkers) merely based on their productive vocabulary size is not sufficient to reliably predict their ongoing language development. Based on another finding revealing that poor receptive language skills do strongly predict the subsequent language skills in children with LD (Desmarais et al., 2008), we classified children in our study on the basis of multiple standardized language tests, measuring receptive and productive language skills.

In essence, our study provides important insights into the longitudinal development of the communicative system that integrates gestures and speech. In line with the majority of the published studies in this field, our results support the view that gesture and speech form an integrated communication system from early on and that this system functions comparably in children with and without LD or DLD, but with a time delay.
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Culture influences the way parents shape children’s environment. Two studies examined cross-cultural differences in parental practices related to motor development in Israel and the Netherlands. In the first study, 198 Dutch and 206 Israeli parents of infants aged 1–7.5 months completed questionnaires measuring parental practices and beliefs regarding motor development. In the second study, 30 Dutch and 30 Israeli parents completed the same questionnaires when their children were 2 and 10 months old. While similarities were found across the cultures, Israeli parents practiced infant prone positioning more. Additionally, Dutch infants spent substantial more time in the playpen. Furthermore, beliefs stressing stimulation and stimulating practices (both more frequent within Israeli parents) predicted better prone skills, shown by the Israeli infants. Findings highlight the diversity of parental practices related to infant motor development.
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INTRODUCTION

Ever since the ages and stages of motor development have first been documented, context-specific variation in type and timing of motor development have been reported (Karasik et al., 2015). In particular, motor development in non-Western countries was found to differ from Western norms and these differences were related to differences in parental practices (for an overview see, Cintas, 1995; Adolph et al., 2010; Karasik et al., 2015). Also within the ‘Western world’ cultural variability in the timing of motor milestones attainment is documented (e.g., WHO Multicentre Growth Reference Study Group and de Onis, 2006; De Kegel et al., 2013; Steenis et al., 2015). However, possible factors causing these differences, such as parental beliefs and practices, are not often studied. The few studies that did address this, found that parental beliefs and expectations regarding motor development differ across Western cultures (Hopkins and Westra, 1990; van Beek et al., 2006). More specifically, in a previous study we found clear differences between Dutch and Israeli parents in their parental beliefs about motor development (Van Schaik et al., 2018), such that Israeli parents attributed more importance to stimulation of motor development, following this development in the “right” order and obtaining expert advice. Dutch parents, on the other hand, attributed greater importance to letting children follow their own pace in motor development (Van Schaik et al., 2018). However, these differences in beliefs are presumably mostly relevant for children’s development through their instantiation into parental choices for the childrearing settings or practices. Therefore, in the current study we investigated differences and similarities in the settings of motor development as well as in daily practices that support or restrict motor development in Israel and the Netherlands. Furthermore, we studied whether daily practices are related to parental beliefs and explored whether daily practices and parental beliefs are related to infant motor skills as reported by parents.

The current study used the theoretical framework of the developmental niche to describe the cultural construction of motor development (Super and Harkness, 1986). The developmental niche describes three interacting subsystems shaping and being shaped by the developing infant while acknowledging the dynamic interaction between infants and their context (Super and Harkness, 1986). The first subsystem addresses the physical and social setting. The second subsystem covers parental beliefs about development and parenting, and the third subsystem concerns daily customs and practices of childrearing. Culture is evident in all three subsystems and all subsystems interact with each other and with the developing child (Super and Harkness, 1986).

Following this framework, we would expect that cultural differences in parental beliefs interact to a certain extent with the setting as well as parental practices and ultimately affect infant motor development. We will therefore first test if the differences found in parental beliefs between Dutch and Israeli parents are also found in settings and practices. Second, we will study the relation between parental beliefs, the settings and practices, and infant motor skills. By doing so, we aim to gain more insight into the cultural construction of motor development. Besides its theoretical implications, knowledge about how culture might shape development is possibly also important for practitioners working with families with diverse backgrounds.

The differences in parental beliefs regarding motor development between Dutch and Israeli parents (Van Schaik et al., 2018) are in agreement with previous work showing that parents in the Netherlands held strong beliefs about the importance of rest and regular routines for infants (Harkness and Super, 2006; Harkness et al., 2007). To the best of our knowledge, no research has studied Israeli views on rest and regularity or activation in infancy. Empirical evidence does show that while the Israeli culture is seen as the least individualistic among Western cultures, Israeli parents are often child-centered and stress the acquisition of autonomy and self-expression (Hofstede, 1983; Bornstein et al., 1998; Feldman et al., 2006).


The Settings of Motor Development

A large body of research has focused on the first subsystem, namely the environment that potentially support or hampers motor development. Multiple studies have focused on differences in motor development, between countries. Focusing on the country as setting in which development occurs, means focusing on the more distal environment. These studies found differences in age of onset of motor milestones across countries. For example, normative studies show that motor development of Dutch children is delayed compared to children in other western countries, including Israel (Kohen-Raz, 1968; Shapira and Harel, 1983; Steenis et al., 2015). Studies focusing on more proximal settings, namely specific affordances that could potentially promote motor development, show that providing space, objects, and equipment can promote motor development (e.g., Abbott and Bartlett, 2001; Müller et al., 2017).

Cross-cultural differences in the setting of early development might be attributed also to environmental aspects such as climate (e.g., Cintas, 1995; Atun-Einy et al., 2013) or housing conditions (Ammar et al., 2013). Moreover, cross-cultural differences exist in the way parents choose to shape children’s environment. For example, some cultures create settings that enable and even vigorously direct early sitting, while others avoid early sitting altogether (Keller et al., 2002; Karasik et al., 2015). Characteristics such as climate, housing, and landscape might influence parental choices regarding for example clothing, play surfaces, and means of transportation.

The two cultural contexts included in the current study show both similarities and differences in aspects of the setting that might be relevant for early motor development. The weather in Israel is characterized by dry, hot summers and moderate semi-rainy winters. The Netherlands has cool rainy summers and moderate rainy winters. The countries also differ in their topography. The Netherlands is flat with many water sources while Israel has more mountains and hills. Both countries are densely populated compared to other Western countries (The World Bank, 2018). Israeli families are usually larger than Dutch families (an average of 3.1 versus 1.7 children per family; OECD, 2016), meaning that Dutch homes have on average more space per inhabitant (2 rooms) than Israeli homes (1.1. room per inhabitant1). Moreover, both countries hold regulations regarding the access to public parks and playgrounds within both urban and rural areas. In Israel this is defined as at least one park per 15,000 inhabitants in small urban areas to 30,000 inhabitants in larger urban areas (Israeli Government, 2019). In the Netherlands, the government advises that public parks should be accessible to all inhabitants within a maximum of 500 m (Dutch Government, 2019). Additionally, about 30% of the children aged 0–3 years in Israel attend a day care facility, mostly for a full week (Vasen-Sikrun et al., 2016). In the Netherlands, about 56% of the children aged 0–4 years attend day care for, on average 2 days per week (Dutch Central Bureau for Statistics, 2018). Both countries have similar paid maternity leave of 16 weeks and have a free public consulting and screening service for infants1. Thus, some differences can be expected in the setting of motor development between the two countries due to these different country characteristics.



Practices Regarding Motor Development

One of the factors that is assumed to directly cause cultural differences in motor development, is the third subsystem of the developmental niche, namely daily practices and habits of care (e.g., Adolph et al., 2010; Super and Harkness, 2015). This subsystem covers parental choices for the activities they do or avoid doing with their infants, such as placing the infant in specific positions, using specific types of equipment, and attending classes or outdoor activities such as baby swimming. Altogether, there is empirical evidence for a relation between infant motor development and specific daily practices. For example, studies have consistently shown that active positions, such as prone and standing position, have positive effects on motor development, while spending much time in less active positions, such as supine and sitting position, is related to less advanced motor development (e.g., Pin et al., 2007; Lobo and Galloway, 2012; Hewitt et al., 2017). Furthermore, findings regarding the developmental effects of specific baby equipment such as baby walkers or sitting devices vary, such that some studies find these devices delay motor activity whereas others find no effect (e.g., Abbott and Bartlett, 2001; De Kegel et al., 2013; for a review see, Pin et al., 2007). In addition, practices of constriction such as swaddling have not been shown to affect motor development (van Sleuwen et al., 2007). Last, though less extensively studied, some evidence suggests that participating in classes for baby activities such as baby swimming and baby massage, either as a formal class or as a more general cultural practice, have positive effects on motor development (Hopkins and Westra, 1990; Sigmundsson and Hopkins, 2010; Dias et al., 2013).

While on the one hand empirical work provides some support for the relation between the settings and practices of care and motor development, on the other hand, studies show that motor practices and habits of care vary across cultures (e.g., Adolph et al., 2010; Gomes et al., 2017). For example, practicing standing and sitting, and applying massage or stretching of the limbs is common in African and Caribbean cultures but less common in Western cultures (for reviews see, Adolph et al., 2010; Super and Harkness, 2015). Less is known about differences in such parental practices between Western cultures, that might explain the documented differences in children’s motor skills.

Following the developmental niche framework, the differences in settings, beliefs, and practices are expected to be interrelated and together shape the differences in infant motor development. Given the general differences between Israel and the Netherlands in terms of physical and social setting, and in terms of parental beliefs about motor development, the specific setting of motor development, and parental practices related to motor development are also expected to differ. However, to date, these differences have not been studied. We will study whether the differences found in parental beliefs regarding motor development in Israel and the Netherlands are instantiated in the settings and practices that parents choose in which children’s motor development takes place, and in the link between these beliefs and practices and actual infant motor skills. Therefore, in the current study we will focus on the following three questions: (1) Do the settings and motor practices differ between Dutch and Israeli parents? (2) Is there a relation between beliefs and practices? (3) Are there cross-cultural differences in reported motor skills and are these skills related to beliefs and practices, cross-sectionally and longitudinally? Altogether, this could add to our understanding of the environmental and cultural factors that shape early motor development. Following the literature review, the main aspects of the settings and practices studied included placing of the infant in different positions, activities such as baby swimming and massage, and the physical setting in which infants are placed such as different equipment used with the infants.

As previous empirical work has shown cross-cultural differences in parental beliefs about motor development between Dutch and Israeli parents (Van Schaik et al., 2018) and given the cultural models of rest and regularity in the Netherlands (Harkness et al., 2007) and autonomy and self-expression in Israel (Feldman et al., 2006), some differences in practices and motor skills can be expected. Specifically, it can be expected that Israeli parents will use more practices that stimulate development such as placing the infant in prone position while Dutch parents will engage in less active stimulation. Similarly Israeli parents are expected to design the environment of children in a way that stimulates motor development more. They are expected, for example, to provide the children with more space for free movement and use more stimulating equipment. On the other hand, Dutch parents are expected to place more focus on a restful environment, for example, by swaddling the infant and using equipment such as a playpen.

Although the theoretical model pictures a relation between parental beliefs and parental practices, empirical studies have not always found such a clear link (see for example, Goodnow, 1996; Bornstein, 2002; Wilcox-Herzog, 2002). One reason for the lack of clear links between beliefs and practices might be because such a link is only found when both are studied at the same level of specificity (Ajzen, 2005). This idea was supported by a study among early education teachers, where a relation was not found between general beliefs and specific group-supporting practices, but was found between group-centered beliefs and group-supporting practices (Van Schaik et al., 2014). Moreover multiple factors might intervene between beliefs and practices and weaken the link between the two. For example, child factors, parent factors, situational factors and conflicts between beliefs might all cause parents to act differently than suggested by the beliefs they hold based on their implicit cultural model (Harkness et al., 2011). Therefore, finding cultural differences in parental beliefs do not unequivocally attest for cultural differences in actual practices and in child development. The current study will address the relations between beliefs and practices in depth, by focusing on beliefs regarding support of motor development, specific practices supporting motor development and infant motor skills among a cross-sectional and longitudinal sample. Finally, Israeli children are expected to be more advanced motorically compared to Dutch children and beliefs and practices are expected to predict level of motor skills cross-sectionally and longitudinally.

These questions and hypotheses will be analyzed using data from two cross-cultural studies. The first is cross-sectional and involves a large sample. In a previous study (Van Schaik et al., 2018), we investigated parental beliefs of these parents and found clear differences between Dutch and Israeli parents. In this study, we will focus on parental practices, settings and children’s skills. The second study is an exploratory small-scale longitudinal study, in which we will focus on the longitudinal relation between beliefs, settings, practices, and children’s skills.



MATERIALS AND METHODS


Participants and Design

The sample of study 1 included 404 parents (198 Dutch and 206 Israeli) of first-born children between 1 and 7.5 months old (M = 4.03, SD = 1.46, 48.5% girls). Parental age ranged from 21 to 48 years (M = 30.28 SD = 3.92), most participants (96%) were mothers and 78.5% of the parents had completed university (i.e., obtained at least a bachelor degree). In study 2, 60 mothers (30 Dutch and 30 Israeli) of first-born children participated when the children were about 2 months old (M = 2.90, SD = 1.20) and again when the children were about 10 months old (M = 9.51, SD = 1.33). Parental age ranged from 24 to 39 years (M = 31.23, SD = 3.54). Table 1 presents the distribution of background variables in both samples. We chose to include only parents of first-born relatively young infants to minimize the possible effect of development of the infant and of older siblings on parental beliefs and choices in terms of the environment and practices.


TABLE 1. Main background variables in the two cultures.

[image: Table 1]


Procedure

This study was approved by the Ethics Committee of the faculty of social sciences at Utrecht University, as well as by the Ethics Committee of Haifa University. Participants were recruited by posting adds around the university and other central locations, on social media, through the researchers’ personal network and using the snow-ball method. All participants provided written informed consent. All infants were born full-term without developmental or medical problems. The questionnaires were administered online using FormLogix in Israel and Limesurvey in the Netherlands. Each questionnaire took about 15 min to complete. In study 2, parents filled in the questionnaires at both measurement moments. Parents received a small gift for their children at time 1 and a gift voucher at time 2.



Measures


Parental Beliefs About Motor Development

The Parental Beliefs on Motor Development (PB-MD) questionnaire (Atun-Einy et al., 2017) was used. The PB-MD consists of five scales measuring the beliefs that: (1) stimulation of motor development is important; (2) motor development occurs naturally; (3) seeking advice on motor development is important; (4) order of motor development is important; and (5) children should follow their own pace in motor development. The items used included general statements regarding motor development (e.g., ‘In typically developing infants, motor development occurs naturally and there is no need to actively stimulate it.’) and vignettes describing realistic scenarios regarding motor development (e.g., “Amy is a 4-month-old girl. She doesn’t like to be on her belly and cries and fusses. Her mother puts her on her back…”) followed by statements representing a continuum of approaches from active (e.g., “the mother must put her baby on her belly even if she cries”) to less active (e.g., “the mother should not worry nor force her baby to be on her belly”). The parents rated their agreement to the statements on a six-point scale ranging from 1 (disagree) to 6 (strongly agree). In line with Atun-Einy et al. (2017), scale scores are the mean of all items within a scale. Additionally, parents were asked in two open questions about parents’ role in motor development and if parents should do any activities with their infants to promote motor development. For this study we used data from the second question and coded whether parents mentioned putting the infant in (1) prone position, (2) supported sitting, and (3) supported standing. Both the reliability and the validity of the PB-MD were found to be good (Atun-Einy et al., 2017). Furthermore, we have previously tested the measurement invariance of the PB-MD comparing the Dutch and Israeli sample and found sufficient measurement invariance, confirming that parental beliefs can be measured using the PB-MD in both cultures (Van Schaik et al., 2018). Therefore, in the current study, we used the means of all items on each scale as the scale score. All scales had sufficient reliability with Cronbach’s alpha values ranging from 0.68 to 0.75.



Parental Practices and Physical Setting

The Motor Habits (MOHAB) questionnaire (Atun-Einy et al., 2017) was used to measure the physical setting, parental practices and the position preference (as an indication of motor skills). The MOHAB questionnaire consists of four sections. In the first section parents were asked to indicate their infant’s level of skill in three positions: prone, sitting, and standing. In the current study this part of the MOHAB was used to indicate motor skills level. For study 1, we focused on skill level in prone position rather than in standing or sitting, as at this age range, this skill is likely to show the most variability. Parents were asked about their child’s level of skill in prone position on four skills: being comfortable in prone position, rolling from back to belly, rolling from belly to back, and belly crawling. Total scores were computed by summing up the skills the infant has attained forming a score range of zero to four. For study 2, we focused on the milestones of crawling on hands and knees and pulling to stand as indicators of motor development at age 10 months, as these milestones show the most variability in this age range in both cultural settings (Shapira and Harel, 1983; Steenis et al., 2015).

In the second section, parents were asked how often they place their infants in different positions. Answers were provided on a four-point scale ranging from never (1) to often (4). Additionally, parents were asked about sleep practices (e.g., sleeping position and use of swaddling).

In the third section, parents were asked about parenting activities such as performing specific exercises and motor activities at home with the infant (e.g., crossing and stretching of the limbs), and participation in classes such as baby swimming. Moreover, parents were asked to indicate if, and if so for how many minutes per day, do they use 11 different types of equipment with their infants (e.g., baby walker, playpen).

Finally, in the fourth section, parents were asked about the physical setting of care including: floor type, layers of clothing, and areas in the house where the infant plays. The choice of activities and settings included in the MOHAB was based on an extensive literature review, followed by pilot testing and observations used to identify the prevalent and relevant aspects to be included in the questionnaire. Face and convergent validity of the MOHAB were found to be good (Atun-Einy et al., 2017).



Data Analysis

Analyses were conducted in SPSS® Version 24 and Mplus version 8.0 (Muthén and Muthén, 1998–2017). In both studies, sample differences in the settings, practices, and beliefs were tested using χ2 tests, regression analysis, and MANOVA. The relations between beliefs and practices within the first study were analyzed using multigroup structural equation modeling (Kline, 2005). For this analysis missing data were dealt with by using full information maximum likelihood estimation in Mplus (Muthén and Muthén, 1998–2017). For all other analyses listwise deletion was used. The relations between beliefs, practices, and infant motor skills (based on infants’ level of skill and position preference as described in the MOHAB) were tested using partial correlations controlling for age (study 1) and logistic regression (study 2). The analyses of equipment use, activities, and preferred positions of the infants in the first study were also conducted for three age groups separately (1–2.5, 2.5–5.5, and 5.5–8 months), as these are expected to change as children grow older. In order to correct for multiple comparisons the false discovery rate control was applied (Benjamini and Hochberg, 1995; Glickman et al., 2014).



RESULTS


Descriptive Statistics

All parents completed the PB-MD questionnaire. However, about 9% of the parents (8 Dutch and 30 Israeli) did not compete the MOHAB questionnaire. These parents did not significantly vary from the rest on any of the background variables except level of education in the Israeli sample. Though this difference was significant [χ2(2) = 6.85, p = 0.033, φ = 0.18], it is minimal, as out of the Israeli parents who did not fill in the MOHAB 90% obtained a university degree compared to 94% in the rest of the Israeli sample. Comparison of the Dutch and Israeli samples on background variables in both studies, revealed no significant differences on most variables except the mean level of parental education, where Israeli parents obtained a university degree more often in study 1 [t(402) = 4.81, p < 0.001, d = 0.49] but not in study 2 [t(58) = 0.90, p = 0.374]. This difference in educational level is in line with OECD data (OECD, 2014). In addition, in study 2, Dutch infants were significantly heavier at birth (MNL = 3497.32 g, SD = 449.30, MIL = 3225.50 g, SD = 454.83, t(56) = 2.29, p = 0.028, Cohen’s d = 0.60). In Supplementary Tables A,B in the Supplementary Material correlations between all measured practices, educational level, and birth weight are presented for both studies. The correlations show that educational level does not correlate with the reported practices. Birth weight is also generally not related to the practices parents used. However, few significant correlations were found only in the Israeli sample suggesting that parents of infants with higher birth weights tend to put them more on the floor surface, less in the playpen, and attend baby swimming less often. Nevertheless, a series of t-tests showed that birth weight is not related to any of the outcome variables of infant’s motor skills at age 2 and 10 months. Overall, the outcomes of the study are not likely to be caused by the differences in educational level or birth weight. Therefore, these variables were not included in further analyses.



Question 1: Cross-Cultural Comparison of Settings and Practices


Settings

The first research question concerned cross-cultural differences in the setting of motor development. Results (using data from study 1) show cross-cultural similarities and differences in where infants play and with what equipment. The descriptive and sample difference statistics can be found in Table 2. These results show that a vast majority of the Israeli infants play in the living room directly on the (often tiled) floor surface or on some type of underlying surface. About a third of infants also play in the baby’s room, on the sofa in the living room or outside. Similarly, in the Netherlands most infants also play in the living room, but, compared to the Israeli infants, they more often play in the playpen or on the sofa. Dutch infants also play on the (often laminate or wooden) floor surface but to a lesser extent than Israeli infants. When asleep, a small group of Israeli infants is swaddled and only few are reported to sleep in a sleeping bag. On the contrary, the vast majority of Dutch infants sleep in a sleeping bag. Similar to the Israeli infants, only a small group is swaddled during sleep. Infants in Israel were reported to wear slightly more layers of clothing indoors (though not outdoors) than Dutch infants. All differences were also analyzed for three separate age groups (see Supplementary Table C in Supplementary Material), showing relative stability across age mostly for the large effects.


TABLE 2. Settings and practices.

[image: Table 2]An additional aspect of the setting studied was the use of equipment with the infants. A MANOVA showed cross-cultural differences in the frequency and average duration of equipment use with the infants, when controlling for age [F(7) = 11.72, p < 0.001, [image: image] = 0.25]. Univariate results, reported in Table 3, show that in Israel, young infants spent most time in the stroller in a lying position, and further spent their time on an activity mat, in a baby bouncer, the carrier or a car seat. Unlike the Israeli infants, the Dutch young infants spent most time in the playpen. They also spent time on the activity mat and in the baby carrier but less than Israeli infants. Similar to Israeli infants, the Dutch infants spent a lot of time in the stroller in a lying position, some time in a car seat, and in the baby bouncer. Use of a baby walker, jumper, swing, and high-chair were excluded from further analyses as these were mentioned by less than 5 parents or for less than 10 min per day.


TABLE 3. Mean time of equipment use.
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Parental Practices

To test whether parents used different practices across the two cultural contexts, we analyzed the data of study 1. Table 4 presents the descriptive and χ2 comparison statistics of daily practices and attending classes as reported by study 1 parents, divided in three age groups. Most Israeli parents do activities aimed at promoting motor development and almost half of them also use an official method to do this. The vast majority of Israeli infants are often put in prone position, receive massages, and sometimes also stretching and crossing of the limbs is practiced. Most Dutch parents also report doing activities aimed at promoting motor development, but most of them do not use an official method to do so. Unlike Israeli infants, the vast majority of Dutch infants are not often placed in prone position. Like Israeli infants, they also receive massages and sometimes practice stretching and crossing of the limbs, however fewer parents report this than Israeli parents do. In both countries only a small group of parents reports attending baby classes. Dutch infants do attend baby swimming more often as they grow older and sometimes also attend baby massage classes. Israeli infants also attend baby swimming, but fewer infants attend them compared to the Dutch infants.


TABLE 4. Parental activities across samples (percentages refer to the number of parents reporting to often engage in this activity).

[image: Table 4]Some Israeli infants also attend baby massage classes. A small group of Israeli parents (21 in total) mentioned that they followed a so called ‘developmental course.’ This is an activity group for parents and infants where developmental content is also discussed. Though the specific content can vary, these courses mostly discuss the main developmental issues that occupy parents of young infants, such as motor development, sleep, and feeding.



Question 2: The Link Between Parental Beliefs and Practices

To examine the relation between parental beliefs and practices, a Multigroup Structural Equation Model was constructed using the main practices among which cross-cultural differences were found as dependent variables. For this analysis, only the data of study 1 was used. For each of these practices we tested whether the five beliefs scales included in the PB-MD predict this practice while controlling for the age of the child, parental education and having seen a physiotherapist. In this multigroup model, two models were fitted, one for each country.

In the first step, all paths in the model were constrained to be equal across the two countries. Over 70% of the Israeli parents reported letting their infant play on the floor surface, therefore a model including this variable failed to converge. Without this variable, the model fit the data well [χ2(72) = 64.67, p = 0.718, CFI = 1.00, TLI = 1.00, RMSEA < 0.01]. To obtain the most parsimonious model, model trimming was applied by setting all the paths with β and p-values lower than 0.10 to0. This resulted in a model with excellent fit indices [χ2(88) = 77.07, p = 0.791, CFI = 1.00, TLI = 1.00, RMSEA < 0.01].

Next, in a stepwise fashion, all the paths between a single practice and beliefs were allowed to vary between the two models, representing the two cultures, one practice at a time. None of these steps delivered a significant improvement in model fit. Therefore, we concluded that the same model could be fitted for both the Israeli and Dutch sample, meaning that the same consistent patterns emerge for the two samples. Figure 1 presents the significant paths that were found in the final model for relations between beliefs and practices and shows that the practices of using a method for the stimulation of motor development, crossing and stretching of the limbs, and placing in sitting and standing position are predicted by parental beliefs. The belief most consistently related to practices is the belief about the importance of stimulation of motor development. Parents who score higher on this belief do more stretching and crossing of the limbs, place their infant more often in supported sitting and standing positions. None of the beliefs predicted the practice of putting the infant in prone position, however this might also be because of low variance in the use of this practice in the Israeli sample (i.e., over 70% of Israeli parents report doing this often).


[image: image]

FIGURE 1. Results of SEM for predictions of practices by beliefs. Only significant paths are presented. Dashed lines are paths significant at the level of p < 0.10. Unstandardized path coefficients are reported with the standard error. For simplicity reasons, paths to control variables are not presented. Next to each R2-value the confidence interval is reported.


From the control variables (not presented in Figure 1) age was the most consistent predictor of the practices used. Having attended physiotherapy predicted only the practice of using a method to stimulate motor development and maternal education did not predict any of the practices. The explained variance of each practice by this model ranged from 8 to 30% (see Figure 1), indicating medium to large effect sizes. All of the effect sizes are slightly larger in the Israeli sample. However, the confidence intervals of the effects of the two countries overlap, therefore we cannot conclude that these effects significantly differ.

As noted in the introduction, the link between beliefs and practices should be studied using a similar level of specificity. Therefore, as a next step, we tested whether single items in the PB-MD that specifically relate to beliefs about a certain practice are also statistically related to the use of this specific practice. First, an ANOVA was used to test whether the practice of putting the child in prone position was related to parents’ answers on an item stating that the mother of an infant who fusses in prone position should not worry and not force the baby to be in this position. Results show a significant relation with small to medium effect [F(2) = 13.78, p < 0.001, [image: image] = 0.07]. Second, we examined parents’ answers to the open question about their beliefs regarding activities that parents should do with their infants to promote motor development and coded if they mentioned putting the infant in (1) prone position; (2) supported sitting; and (3) supported standing. χ2 test was used to test whether parents’ answers were related to the frequency in which they place their infants in the respective positions. Results reveal that this relation is only significant for putting the infant in prone position [χ2(2) = 9.36, p = 0.009, φ = 0.17].



Question 3: Beliefs, Practices, and Reported Infant Motor Skills


Motor Skills

As our last research question, the relations between beliefs, practices, and infant motor skills were studied both cross-sectionally and longitudinally. First, using the data of study 1, cross-cultural differences in preferred position and in motor skills were tested. Table 5 reports about infant’s preferred position while awake and during sleep. As this variable represents the infants’ own preference, which may or may not coincide with the position their parents often put them in, it provides an indication for their motor skills. For example, an infant that prefers prone position is probably more competent in this position than an infant who prefers supine position. χ2 tests show that, across all ages, Israeli infants spend significantly more time in prone position. Israeli children in both the youngest and oldest age group spend significantly more time being held in arms or the carrier than Dutch children in these age groups. Dutch infants spend more time in supported sitting in all age categories and supported standing in the older age group. Although, in both samples the preferred sleep position shifts with age toward less supine and more prone position, in the Dutch sample this shift is much smaller and significantly more Dutch infants sleep in supine position across all age groups.


TABLE 5. Preferred position when awake and during sleep.

[image: Table 5]Differences in actual level of motor development as reported by parents were found between the two samples. In study 1 we focused on skill level in prone position. Out of the four skills included in the scale, Israeli infants had on average acquired 1.53 of these skills (SD = 1.10) whereas Dutch infants had on average acquired 0.93 of these skills (SD = 1.05). This difference entails that Israeli infants were more often comfortable in prone position, and mastered at least one type of rolling whereas Dutch infants usually only attained one type of rolling, and were not yet comfortable in prone position. Regression analysis with age and culture as predictors of number of acquired skills in prone, showed that age is only a marginally significant predictor of number of skills (β = 0.10, p = 0.06, R2 = 0.01) while culture significantly predicts the number of skills and significantly adds to the explained variance of age (β = 0.18, p < 0.001, ΔR2 = 0.03).



Relations Between Beliefs, Practices, and Motor Skills


Cross Sectional Study

Thus, clear differences are seen in children’s preferred positions and levels of motor skill. To test whether these differences can be explained by practices and beliefs, partial correlations between the main practices found to differ between the two cultures, parental beliefs about motor development, and children’s position preference and level of motor skills were calculated while controlling for child’s age. As Table 6 shows, the relations between practices and skill level in prone position are mostly significant with small effect sizes. A few practices stand out as showing no, or very weak relations with prone skill level. These are playing on an activity mat, using a method to promote motor development, crossing and stretching of the limbs, and placing the infant in supported standing position. The practices that show the strongest relations are placing the infant in prone position predicting better skills in prone and placing the infant in supported sitting predicting lower level of skill in prone position. From the beliefs scale, parents who believe the infant should follow its own pace in development tend to have infants with lower prone skills and parents who place significance on order and stimulation of development have infants with better developed motor skills in prone position. Again, effect sizes are small.


TABLE 6. Partial correlations controlling for child’s age, between practices, beliefs, and motor skill.

[image: Table 6]


Longitudinal Study

To study the relation between beliefs, practices and motor skills longitudinally, an explorative analysis with the data of study 2 (N = 60) was conducted. Two logistic regression analyses were performed with dichotomous variables representing the attainment of hands and knees crawling and pulling to stand milestones at age 10 months as dependent variables and beliefs and practices scales as predictors. At 10 months most children had accomplished other milestones such as sitting. Therefore, due to a lack of variance, these milestones were not included. Additionally we controlled for relations between children attending physiotherapy and the outcome variables, as a relatively high percentage of Dutch children in our sample received physiotherapy (see Table 1). Two Chi square analyses revealed no significant relations [χ2(1) = 1.07, p = 0.301; χ2(1) = 0.02, p = 0.899]. Therefore, attending physiotherapy was not included in further analyses.

The results of the logistic regression showed that for crawling on hands and knees (obtained by 43% of Dutch and 77% of Israeli infants), a positive relation was found with the seeking advice scale [b = 1.14, p = 0.014, Exp(B) = 3.12], indicating that an increase of one point on this scale implies that infants are about three times more likely to be crawling at age 10 months. A negative relation was found with the scale of letting children follow their own pace [b = −1.11, p = 0.031, Exp(B) = 0.33], such that an increase of one point on this scale implies that infants are 0.33 less likely to be crawling at age 10 months. The other beliefs did not predict crawling. Moreover, none of the beliefs significantly predicted the skill of pulling to stand (obtained by 67% of Dutch and 80% of Israeli infants) at age 10 months. Furthermore, no relations were found between practices at age 2 months and motor skills at age 10 months.



DISCUSSION

The main aim of this study was twofold. First, we aimed to map the cultural models of infant motor development in two Western countries, namely Israel and the Netherlands. Following the developmental niche framework we extended on our previous study reporting differences in parental beliefs about infant motor development (Van Schaik et al., 2018), and set out to test whether beliefs are instantiated into practices and choices of settings. To do this, we studied cross-cultural differences in settings, practices and actual motor development and the link between parental beliefs and practices. Second, as previous work shows clear cultural differences in ages of onset of motor milestones between Dutch and Israeli infants, we wanted to gain further insight in possible explanations for these differences by relating the cultural models (compromised of beliefs, settings and practices) to actual motor development. To reach these aims, the current paper reports on a large cross-sectional and exploratory longitudinal study.


Cross-Cultural Comparison of the Settings and Practices

Importantly the results show that the differences found in parental beliefs are also found in the setting of motor development. The main differences included the use of an activity mat and placing the infant to play on the floor that were more common in Israel, versus the use of a playpen and a sleeping bag that were more common in Dutch homes. In both countries equipment such as baby walker or swing, that is rather common in North America, was not often used. Also in terms of parental practices clear differences were found between the two samples. The most dramatic difference found was in the practice of placing infants in prone position during daytime and during sleep. This practice was far more common in the Israeli sample. Other main differences found included the practices of placing the infants in supported sitting or standing (more common in the Netherlands), and stretching and crossing of the limbs (more common in Israel). A specific practice mentioned among the Israeli sample, was attending a so called ‘developmental course.’ While the content of these parent–child meetings varies, aspects of (motor) development are also discussed2.

Interestingly, the settings and practices that differed between the samples were often either restrictive of movement or extra stimulatory of movement. For example, the use of a sleeping bag and a playpen that were both very prevalent in the Dutch sample, even as children grew older, can be seen as restrictive. A playpen limits the space available for movement, exploration of the environment, and change of location, and does not necessarily elicit prone position. Similarly, a sleeping bag restricts the infant’s movement while in bed. On the other hand, placing the infant to play on the floor surface and placing the infant in prone position, which were both common in the Israeli sample, can be seen as stimulatory of movement. On the floor surface children have more space to move around, explore the environment and change location. While in prone position children can more easily change position by means of rolling or crawling. These findings about the differences in settings and practices that support prone position skills are in line with other studies reporting cross-cultural differences in parental choices for placing children in prone position (Harkness et al., 2007; Carmeli et al., 2008; Zachry and Kitzmann, 2011; Gomes et al., 2017). Moreover, these differences in settings and practices are in line with the hypotheses as they fit with the more general cultural models of both countries. On the one hand the Israeli cultural model emphasizing the acquisition of autonomy and, probably therefore, stimulation of development (Bornstein et al., 1998; Feldman et al., 2006). On the other hand, the Dutch cultural model of supporting rest and regularity during infancy (Harkness and Super, 2006).



The Link Between Beliefs and Practices

Based on the developmental niche framework (Super and Harkness, 1986) we expected to find explanations for differences in actual motor skills by mapping the two cultural models. In order to find evidence of a cultural construction of motor development, beliefs should be instantiated in practices and both should be related, at least to some degree, to infant development (Harkness et al., 2011). We found several relations between beliefs and practices, though these relations were not very strong. The strongest relations were found between beliefs and practices regarding the support of prone position, in particular when both are measured on equal levels of specificity. Previous studies regarding belief-behavior relations also show that matching level of specificity is important (Ajzen, 2005; Van Schaik et al., 2014). Furthermore, infants whose parents held stronger beliefs about the importance of stimulation and used more practices that support prone position showed higher levels of prone skills. Finding a beliefs-behavior relation regarding specific motor activities, is also in agreement with a recent retrospective study conducted in Brazil showing that the importance parents attributed to specific motor activities (i.e., their attitude) was mostly related to the activities parents did with their infants (Gomes et al., 2017). Taken together, our findings about the differences in the settings and parental practices and the links between beliefs and practices, combined with our previous findings about differences in parental beliefs (Van Schaik et al., 2018), show a system of culturally aligned beliefs, settings and practices. This corresponds with the notion of a heuristic model of parental ethnotheories as presented by Harkness et al. (2011). This cultural system of beliefs and practices is, thus, thought to explain the differences in motor development between the two cultures.

The difference in parental practices regarding prone position when awake and during sleep, is especially interesting because both samples are nested in countries that communicate clear national guidelines regarding the importance of placing the infant in this position as well as sleeping in supine position (Boere-Boonekamp and van der Linden-Kuiper, 2001; Israeli Ministry of Health, 2018). Still, the Dutch parents in our sample support prone position less than the Israeli parents and the Israeli parents let their infants sleep in prone position during daytime naps more often than the Dutch parents. By using the developmental niche framework, further insight into some underlying beliefs that possibly steer parents in their choice of practices was gained. Mostly, the belief that children should follow their own pace could lead parents to stimulate prone position less. On the other hand, beliefs that emphasize the importance of stimulation and order of motor development could lead parents to stimulate prone skills and let children also sleep in this position. Other studies also report that parents possibly have the tendency to ignore recommendations regarding prone position (e.g., Zachry and Kitzmann, 2011). Our finding on prone position placement stress the importance of parental beliefs for both research and clinical practice.



Beliefs: Settings, Practices, and Actual Motor Skills

As expected, we found cultural differences in prone position skills in both studies, though the effect of culture on these skills in the longitudinal sample was small. Nevertheless, given the multitude of possible influences on motor development (e.g., neurological, biological, genetic), even a small effect of culture is relevant. Moreover, in the cross-sectional study we found a relation between certain practices and prone position skills. This finding was not replicated in the longitudinal sample. This might be due to the relatively small sample size that prevented us from finding small effects. Given the time that has passed between the measurement of the practices and motor skills, only small effects can be expected. Additionally, it could be that to see a relation between practices and skills, measurements should be more proximal in time. Thus, practices at age 2 months, might be too distal from skills measured at age 10 months.

Nevertheless, our findings regarding the differences in prone position skills between the two cultures is in accordance with normative studies showing that Dutch children are somewhat delayed in their motor development compared to Israeli children (Kohen-Raz, 1968; Shapira and Harel, 1983; Steenis et al., 2015). The link found between settings and practices that support prone position skills and these motor skills is agreement with studies showing that regularly placing young infants in prone position while awake provides infants with opportunities to strengthen their upper body and thus facilitate motor development (Majnemer and Barr, 2006; Dudek-Shriber and Zelazny, 2007; Pin et al., 2007) and prevents development of flattening of infants’ heads (positional plagiocephaly; Boere-Boonekamp and van der Linden-Kuiper, 2001). Accordingly, in the Netherlands, relatively higher rates of positional plagiocephaly are reported and this is thought to be related, among other factors, to the low frequency of prone position as found in the current and other studies (Boere-Boonekamp and van der Linden-Kuiper, 2001; van Vlimmeren et al., 2007, 2008). Taken together, our work regarding the difference in prone position skills is in line with previous findings. Moreover, our work adds possible causes of prone position differences and therefore has direct relevance to practitioners that might try to increase prone position placement. Thus, these findings suggest that the system of culturally aligned beliefs, settings and practices shares relations with motor skills.

Our findings suggest that infant motor development indeed is at least partly culturally constructed. This emphasizes the importance of placing infant motor development studies into their ‘cultural cradle.’ In the past few years, most journals have started to require manuscripts to include more elaborate background information about the samples studied, as is mentioned in the APA publication manual (American Psychological Association, 2010). The current study suggest that even more so, besides background characteristics, reports about prevailing cultural models among the participants of a study could give more meaning to research findings, its implications and generalizability (see also Adolph et al., 2010).



Strengths and Limitations

The current study has a few limitations worth noting. First, we rely solely on parental reports. While parents are the best source of information regarding parenting and child development and parental reports are often used in developmental research, these reports might also be biased. Moreover, as all variables were measured using a survey method, we cannot exclude the possibility of method-bound correlations. However, the types of questions and scaling are very different between the two questionnaires and both questionnaires were found reliable and valid measures of parental beliefs and practices (Atun-Einy et al., 2017). Furthermore, part of the MOHAB entails reporting motor skills, previous studies have shown that this is a reliable method to assess children’s motor development (e.g., Bodnarchuk and Eaton, 2004). Despite the limitations inherent to the use of survey data, the questionnaires enabled us to study a larger group from two cultures.

Conclusions based on the longitudinal data should be drawn with caution, as the sample size was relatively small. Future studies, using large samples, should try to replicate these results. Finally, the sample of the current study was rather homogeneous in terms of SES and gender of the parents, as the current study included mainly middle-class mothers. Future work should include more diverse samples in both sites. Given our sample, this study reflects maternal beliefs and practices rather than parental. While this is not unusual in scientific studies, it is still recommended to include more fathers in future studies. This is especially important as in Western societies the role fathers assume in childrearing is constantly growing (Cabrera et al., 2000). Future work could also include more low-SES parents and alloparents, such as family caregivers or caregivers in child care settings, as infants often spend at least a few days per week being cared for by alloparents (OECD, 2016).



CONCLUSION

Future studies could also extend this work by including more qualitative data and analyses regarding beliefs and practices as well as extending the cross-cultural comparison to other cultures and populations. For example, the study of minority populations or parents of children with disabilities. Additionally, future studies could examine specific questions regarding practices that are highly common in one culture but relatively rare in others, more in-depth, such as cycling in the Netherlands or the use of parenting courses such as the ‘developmental course’ in Israel. Through studying the content of these practices more deeply and exploring the motives behind parental choices for certain practices, even more insight can be gained in how these practices shape the context of motor development of children within a culture. Moreover, in the current study we focused mainly on the physical setting of motor development. Future work could investigate the effect of the social setting on motor development.

The current study provided us with a unique opportunity to study both beliefs and practices and study if and how motor development is culturally structured. We found two distinct cultural models that are related to development of infant skills in prone position. This suggests that motor development is, at least partially, culturally constructed. This insight is important for both science and practice. The findings suggest that it might be useful to consider parental beliefs when informing parents about practices such as encouraging prone position (e.g., Harry, 2008; Hewitt et al., 2017). Moreover, these results further underscore the relevance of a cultural approach in studying motor development among Western cultures.
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The ability to learn and generalize abstract rules from sensory input – i.e., Rule Learning (RL) – is seen as pivotal to language development, and specifically to the acquisition of the grammatical structure of language. Although many studies have shown that RL in infancy is operating across different perceptual domains, including vision, no studies have directly investigated the link between infants’ visual RL and later language acquisition. Here, we conducted a longitudinal study to investigate whether 7-month-olds’ ability to detect visual structural regularities predicts linguistic outcome at 2 years of age. At 7 months, infants were tested for their ability to extract and generalize ABB and ABA structures from sequences of visual shapes, and at 24 months their lexical and grammatical skills were assessed using the MacArthur-Bates CDI. Regression analyses showed that infants’ visual RL abilities selectively predicted early grammatical abilities, but not lexical abilities. These results may provide the first evidence that RL mechanisms are involved in language acquisition, and suggest that RL abilities may act as an early neurocognitive marker for language impairments.
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INTRODUCTION

Language is a fundamental and complex human ability containing several levels of structures, from the order of syllables within words to the order of words that build utterances. Newborn studies indicating postnatal retention of prenatal learning of mother’s speech sounds (e.g., DeCasper and Spence, 1986; May et al., 2011), as well as studies on few-month-old infants’ ability to discriminate and process the speech signal (e.g., Saffran et al., 1996; Marchetto and Bonatti, 2015) indicate that infants approach the complex task of language learning equipped with a set of neuropsychological and perceptual abilities that allow them to organize and give meaning to the linguistic input. These include domain-general cognitive mechanisms such as implicit learning, that is the ability to acquire structures from the environment to generate knowledge representations without intention to learn (Reber, 1967).

Implicit learning is not a unitary construct. Indeed, different kinds of learning mechanisms fall under the broad umbrella of implicit learning; statistical learning and rule learning are two examples. Statistical Learning (SL) refers to the ability to extract structural relations defined by statistical regularities from a continuous stream of input (Saffran et al., 1996); Rule Learning (RL) allows infants to detect abstract rules, and to generalize them to new exemplars that have no surface features in common with those on which learning took place (Marcus et al., 1999). These mechanisms are functional from the earliest stages of development (Gervain et al., 2008; Bulf et al., 2011), and are domain-general in nature, as they operate on both auditory – linguistic and non-linguistic (e.g., Marcus et al., 2007; Dawson and Gerken, 2009) – and visual input (e.g., Kirkham et al., 2002; Johnson et al., 2009).

Statistical learning and rule learning are both seen as pivotal for language development (Perruchet and Pacton, 2006; Romberg and Saffran, 2010; Aslin and Newport, 2014). Indeed, infants are exposed to speech streams in which there are not definitive acoustic cues for word boundaries or grammatical categories that help to detect words and syntax structures. Therefore, to gain lexical knowledge infants must parse speech streams by detecting highly predictable sequences of syllables that compose words, so as to associate their phonological forms to meaning. To gain syntactic knowledge, they must catch the relationship between words, and create an abstract representation of grammar categories – like subject, object or verb – so as to infer the system of rules that combines these unities of speech. Therefore, it has been hypothesized that the processing of statistical dependencies hidden within the linguistic input is critical to speech segmentation and vocabulary acquisition (Saffran et al., 1996; Perruchet and Pacton, 2006), whereas the ability to detect and represent abstract rules would mediate the extraction of the grammatical structure (Marcus et al., 1999; Peña et al., 2002; Endress and Bonatti, 2016). Accordingly, the association between early SL abilities and language acquisition has been demonstrated by longitudinal studies. For example, infants’ visual SL at 8 months of age predicts vocabulary comprehension at 13 months (Shafto et al., 2012), and a similar association was found between visual sequential learning at 6 months and receptive and productive vocabulary at 22 months (Ellis et al., 2014). While these studies indicate that infants’ SL abilities support the development of lexical skills, the impact of early RL abilities on grammatical acquisition remains to be explored.

Infants’ RL abilities were first investigated by Marcus et al. (1999) who presented 7-month-olds with a sequence of syllables that contained a repetition-based rule such as ABB (e.g., woffe), ABA (e.g., wofewo), or AAB (e.g., wowofe). After 2 min of exposure, infants were able to generalize the rule to novel syllables, showing that they had represented the rule-like pattern acquired during the learning phase. Under similar testing conditions, infants failed to learn abstract rules from non-speech sounds (musical tones, animal sounds, timbres), but succeeded in generalizing to non-speech sounds a rule they had previously extracted from speech sounds (Marcus et al., 2007). Similarly, 7-month-old infants succeeded in learning rules from non-speech tones when sequences were presented within a social context (i.e., a conversation between two human agents; Ferguson and Lew-Williams, 2016), and in the presence of inter-sensory redundancy delivered by social touch (i.e., touch sequences received from the experimenter; Lew-Williams et al., 2017). These findings indicate that RL in the auditory domain is enhanced in the presence of linguistic input or social signals.

Many studies have demonstrated that infants’ RL is fully operative in the visual domain as well, even in the absence of social cues. For example, 7-month-olds can extract and generalize abstract rules from visual sequences of familiar objects, such as images of animals (Saffran et al., 2007) and upright faces (Bulf et al., 2015), but also from visual sequences of unfamiliar geometrical shapes, at least when sequences are presented from left to right (Bulf et al., 2017). Overall, these pieces of evidence show that RL is a domain-general mechanism that operates across sensory modalities since early infancy.

Considering the availability of RL skills in early infancy and their potential role in language acquisition, we adopted a prospective design to investigate whether 7-month-olds’ visual RL abilities would predict infants’ grammatical skills at 24 months. Indeed, infants’ learning of ABB/AAB/ABA rule-like patterns from visual sequences is not altogether dissimilar from their learning of the grammatical structure of language, as both learning processes rely on the ability to keep track of the invariant positional relation of an item within a sequence, and to generalize this relation to novel elements (Mintz et al., 2002). For example, to learn an ABA rule-like structure, infants must notice that the first and the last elements of a 3-item sequence share the same surface features. In a similar way, infants extract the non-adjacent noun-verb-noun structure from sentences like “Lorenzo watches the computer,” a process that is crucial for the acquisition of syntactic structure categories (Gómez and Gerken, 2000). By focusing on the association between inter-individual variability in language acquisition and RL in the visual modality, we aimed to control for learning biases that may originate from infants’ perceptual expertise in processing linguistic sounds. Moreover, the use of visual stimuli allowed us to investigate the role of early domain-general learning abilities on later language acquisition (Karmiloff-Smith, 1998; Hollich et al., 2000).

The present study is a follow-up of an earlier study that investigated the role of spatial information on infants’ RL abilities (Bulf et al., 2017). In this earlier study, two groups of 7-month-olds were habituated to triplets of visual shapes that followed an ABB or an ABA rule and were presented sequentially on the screen. For one group, the shapes were presented sequentially from left to right, for the other group stimulus presentation occurred from right to left. Following the habituation phase, infants in both groups were presented with novel ABB and ABA triplets composed of new shapes. Results showed that infants learnt and generalized to the test sequences the rules presented during habituation when the sequences were presented from left to right, but failed with a right-to-left presentation. Indeed, only infants assigned to the left-to-right presentation condition showed a significant preference for the novel rule at test, while those assigned to the right-to-left condition showed no preference. This result replicates and extends previous evidence that spatial information affects infants’ ability to extract ordered information in increasing/decreasing triplets of numerical arrays: infants’ discriminated inversion in ordinal direction after habituation to left-to-right oriented numerical sequences but failed to do so when the sequences were right-to-left oriented (de Hevia et al., 2014). Overall, these findings show that a right-to-left orientation of visual sequences hinders infants’ serial order abilities, possibly as a result of infants’ exposure to early cultural practices that match the direction of the reading/writing system of their parents, which, in Western countries, is left-to-right oriented (see de Hevia et al., 2012 and de Hevia et al., 2014 for further discussion; see Göbel et al., 2018; McCrink et al., 2018 for evidence on the role of culture in shaping early spatial biases).

In the current study, we followed longitudinally the infants who were assigned to the left-to-right presentation condition of the Bulf et al. (2017) study, as this is the only experimental condition that triggered infants’ RL abilities. While Bulf et al. (2017) analyzed the performance of these infants at a group level, here we aimed to explore whether and how individual differences in early visual RL abilities are associated to later developing language skills at 24 months of age. We chose to assess language skills through parental reports, as they provide a continuous, comprehensive sampling of language abilities in ecological contexts and familiar situations, in which toddlers are more likely to talk (Dale, 1991). The Mean Length of Utterances (MLU) and the Number of Words Produced (Vocabulary) were collected as measures of, respectively, grammar and lexical skills. The relation between visual RL abilities and language skills was investigated through regression analyses. We expected that, if the ability to extract rule-like structures from visual input is involved in the extraction of the grammatical structure of language, infants’ novelty preference in the (left-to-right) visual RL task at 7 months would be selectively and positively associated with measures of utterances length. That is, we anticipated that infants who showed larger novelty preferences in the left-to-right RL task would score higher on MLU measures, in the absence of any relation with Vocabulary.



METHODS


Participants

The sample included 24 of the original infants who participated in the left-to-right RL task of Bulf et al.’s (2017) study, for whom assessment of language skills was successful at 24 months, and six additional infants tested in the same experimental task used by Bulf et al. (2017). The final sample was thus composed of 30 infants (18 females) tested at 7 months (range = 7 months and 1 day- 8 months and 17 days) in the visual RL task, and re-evaluated at 24 months (range = 24 months and 3 days – 25 months and 8 days) for their expressive language skills by means of a parental questionnaire. The overall sample size was determined a priori using G∗Power (Faul et al., 2007). In order to obtain a medium effect size of 0.25 with α = 0.05 and power = 0.75, the sample size was estimated to be N = 30. All infants were full-term and monolingual, as their parents were both native Italian-speakers. For all infants, first-degree relatives had no certified diagnosis of specific language impairment. The research was conducted in accordance with Declaration of Helsinki, and the procedure was approved by the Ethical Committee of the University of Milano-Bicocca. All parents gave written informed consent for their infant’s participation.


Rule Learning Task

The stimuli and procedure used to test infants’ RL abilities are described in full in Bulf et al. (2017), Exp. 1; Figure 1. Infants were tested using an infant-controlled habituation procedure. Each habituation and test trial consisted of colored shapes organized into either ABB (adjacent late repetition of the B element) or ABA (non-adjacent repetition of the A element) triplets. Shapes within each triplet were presented sequentially on the screen from left to right with no accompanying sound, and each image disappeared before the onset of the next one (Figure 1). The experimenter recorded infant’s fixation by holding the mouse button whenever the infant fixated on the stimulus. Each trial continued until the infant looked continuously for a minimum of 500 ms and ended when the infant looked away for two consecutive seconds or looked for a maximum of 60 s. The habituation phase ended when the infant saw a maximum of 25 trials or met the habituation criterion, which was defined as a 50% decline in looking time on three consecutive trials, relative to the looking time on the first three trials. Half of the infants was randomly assigned to the ABB habituation condition, the other half to the ABA habituation condition. Following habituation, infants viewed six test trials in which triplets of novel shapes instantiating the ABA and ABB rules were presented alternately, each for three times, with half of the infants seeing the triplet instantiating the familiar rule first. Means of looking time (s) toward novel and familiar pattern were used as the dependent variable.
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FIGURE 1. Examples of stimuli used in the habituation and test phases of the visual RL task performed by 7-month-old infants.


The image of the infant’s face was also recorded via a Mini-DV digital recorder; for about half of the infants (N = 13) looking times during test trials were coded offline by a second independent observer who was blind to the experimental condition. Inter-observer agreement (Pearson correlation) between the two observers who coded the data live or from digital recording, as computed on total fixation times on each of the six test trials, was r = 0.99, p < 0.001.



Language Measures

Infants’ language abilities were measured through the parent-administered questionnaire ‘Primo Vocabolario del Bambino (PVB), Parole e Frasi’ (Caselli and Casadio, 1995), which is the Italian version of the ‘MacArthur-Bates Communicative Development Inventories (CDI): Word and Sentences’ (Fenson et al., 2006). The CDI is one of the most commonly used assessment tools in the study of early language development, with high concurrent and predictive validity (Law and Roy, 2008). The PVB questionnaire provides measures of both lexical abilities (i.e., Expressive Vocabulary, EV) and grammar skills (i.e., MLU) in toddlers aged 16–30 months.


Expressive vocabulary (EV)

Early lexical abilities are typically inferred from the amplitude of the child’s EV. The PVB quantifies EV as the number of words marked by parents in a list of 670 words as being actually produced by the child, with higher EV scores indicating better expressive vocabulary abilities. Toddlers with delays in EV (i.e., late talkers) often show language and reading difficulties at school (Rescorla and Schwartz, 1990; Rescorla, 2011; Hawa and Spanoudis, 2014). Moreover, early EV scores are widely considered as a reliable early marker of language difficulties and neurodevelopmental disorders (Rice et al., 2005; Paul and Roth, 2011).



Mean length of utterance (MLU)

Early grammar abilities are typically inferred from the length of the child’s utterances (i.e., MLU). The PVB quantifies MLU as the mean number of words included in three utterances provided by the parents as examples of the longest utterances that the child produces score, with higher MLU scores indicating better early grammatical abilities. MLU is widely used as a benchmark of language acquisition, and, when measured before the age of 3 years, it predicts later grammar abilities (Devescovi and Pizzuto, 1995). MLU is also considered a reliable marker to identify children with language impairments (i.e., Rice et al., 2010; Rudolph and Leonard, 2016).



Data Analysis

To investigate infants’ performance in the left-to-right RL task, we analyzed the looking times recorded during the habituation and the test trials of the task. To compare infants’ performance during habituation to ABB and ABA sequences, mean habituation looking times were entered into a 2-way ANOVA with habituation rule (ABB vs. ABA) as the between-participants factor and habituation trials (first vs. last three) as the within-participants factor. To determine whether in test infants were able to discriminate the familiar from the novel rule-like patterns, total test looking times were entered into a 4-way ANOVA with habituation rule (ABB vs. ABA) and test order (familiar first vs. novel first) as between-participants factors, and test trial pair (first vs. second vs. third) and test trial type (novel vs. familiar) as within-participants factors. To investigate the predictive role of early visual RL skills on language abilities at 24 months of age, we conducted a path analysis including infants’ performance at discriminating between the novel and familiar rule-like patterns (i.e., Rule Discrimination score) and their EV and MLU raw scores. Rule Discrimination scores were obtained for each infant by computing the difference between total looking times on the novel test trials and total looking times on the familiar test trials. Path analyses are commonly used to examine the relationship among variables and test theoretical causal models when multiple variables are involved. Accordingly, we included Rule Discrimination scores from the visual RL task performed at 7 months as the independent variable, and EV and MLU scores obtained from the same infants at 24 months as the dependent variables.



RESULTS


Visual Rule Learning Abilities at 7 Months

All infants reached the habituation criterion with a mean of 8.30 trials (SE = 0.54) and a mean looking time of 96.94 s (s) (SE = 8.52). The 2 (habituation rule: ABB vs. ABA) × 2 (Habituation trials: first three vs. last three) ANOVA on mean habituation looking times revealed an overall significant decline in infants’ mean looking times from the first three (M = 17.37 s, SE = 1.48) to the last three habituation trials (M = 6.79 s, SE = 0.65), F(1,28) = 109.68, p < 0.001, η2 = 0.797. Habituation times were not affected by the rule (ABB or ABA) delivered during the habituation phase (all ps > 0.2).

The 4-way ANOVA on looking times at test, with habituation rule (ABB vs. ABA) and test order (familiar first vs. novel first) as between-participants factors, and test trial pair (first vs. second vs. third) and test trial type (novel vs. familiar) as within-participants factors, revealed a main effect of test trial type, F(1,26) = 12.78, p = 0.001, η2 = 0.330, as infants looked overall longer to the novel test sequences (M = 9.88 s, SE = 1.10) than to the familiar ones (M = 7.10 s, SE = 0.85). There was also a main effect of test trial pair, F(2,52) = 11.61, p < 0.001, η2 = 0.309, revealing a decrement in infants’ overall looking times from the first (M = 10.80 s, SE = 1.32) to both the second (M = 8.02 s, SE = 0.99; p = 0.014) and the third (M = 6.64 s, SE = 0.69; p < 0.001) trial pairs. No other effects or interactions were significant (all ps > 0.1).

These results indicate that infants were capable to detect and represent the rule-like patterns instantiated by the habituation sequences, and to generalize them to the novel shapes at test.



Language Abilities at 24 Months

Measures of early grammar abilities were obtained through the PVB questionnaire at 24 months of age for all the 30 infants who previously took part in the visual RL task, whereas measures of lexical abilities were obtained for only 29 infants, because one parent failed to complete the relevant section of the questionnaire.


Expressive Vocabulary (EV)

Expressive vocabulary was assessed through the number of words produced (EV, M = 270.10, SE = 28.01, range = 24–640; Skewness = 0.269; Kurtosis = −0.483). The distribution of the obtained EV scores is representative of the distribution of language abilities at 24 months in the general population, which includes 8% of late talkers, as defined by a vocabulary size less than 50 words (N = 2 out of 29, corresponding to 6.90%).



Mean Length of Utterance (MLU)

Mean length of utterance was assessed through the mean length of the spontaneously produced utterances (MLU, M = 3.75, SE = 0.46, range = 0.0–8.67; Skewness = −0.019; Kurtosis = −0.542). The obtained MLU scores matched the normative data available for the Italian population (Caselli and Casadio, 1995).



Relation Between Visual Rule Learning and Language Abilities

We observed a significant positive correlation between EV and MLU scores at 24 months of age, r(30) = 0.754; p < 0.001. To evaluate the predictive association between infants’ performance in the visual RL task and language outcome at 24 months, we conducted a path analysis considering infants’ Rule Discrimination score in the RL task as the independent variable upon MLU and EV, which were both entered as dependent variables. The path analysis was performed using structural equation modeling (SEM) as implemented in the M-PLUS software version 7 (Mutheìn and Mutheìn, 2014). SEM is used to examine relationships among variables and test theoretical causal models when multiple variables are involved. All the relationships among variables in the model are tested together and all of the paths can be compared with each other in terms of the degree of importance of each variable (Pedhazur and Kerlinger, 1982). We used the method of maximum likelihood that tolerates departures from normality, especially if skewness values are below |2| and kurtosis values are below |7| (West et al., 1995). The model provided a good fit to the data (X2(3) = 4.72, p = 0.094; RMSEA = 0.000, CI (90%) = 0.000 − 0.000; CIF = 1.00, SRMR = 0.000), and explained 15% of the variance of the MLU outcomes, thus accounting for a link between early visual RL abilities and later developing grammatical skills (Figure 2). No outliers were detected according to Cook’s distance (Cook’s D < 1; Cook and Weisberg, 1982).
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FIGURE 2. Infants’ Rule Discrimination scores (total looking times on the novel test trials minus total looking times on the familiar test trials) recorded at 7 months plotted as a function of z-transformed MLU (Mean Length of Utterances) and EV (Expressive Vocabulary) scores measured at 24 months.


Standardized estimates of path coefficients are depicted in Figure 3. The model showed a significant path coefficient from Rule Discrimination score in the RL task to MLU (Beta = 0.373; p = 0.036). In contrast, the Rule Discrimination score in the RL task did not predict EV outcomes (Beta = 0.157; p = 0.379), indicating that early RL abilities specifically predicted early grammatical aspects of language development. In particular, higher novelty preference scores at 7 months of age predicted better early grammatical skills at 24 months of age.
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FIGURE 3. Regression model showing that Rule Discrimination scores at 7 months predicts MLU (Mean Length of Utterances) scores, but not EV (Expressive Vocabulary) scores at 24 months.




DISCUSSION

It is widely accepted that implicit learning plays a key role in language development (Conway and Pisoni, 2008; Arciuli and Torkildsen, 2012). Although the power of implicit learning in explaining a wide range of linguistic functions is gaining increasing support (e.g., Saffran and Kirkham, 2018), relatively little research has attempted to link individual differences in language acquisition to individual differences in implicit learning skills by adopting a longitudinal perspective. Two recent studies have shown that visual SL abilities measured at 6–8 months predict later vocabulary at 13–22 months (Shafto et al., 2012; Ellis et al., 2014). However, evidence of predictive associations between early RL abilities and inter-individual variability in language comprehension and/or production skills is missing. Here, we show a relationship between preverbal infants’ ability to extract and generalize visual structural regularities and later developing grammatical skills: infants who were better at learning visual rule-based sequences at 7 months of age received higher MLU scores by the end of the second year of life. Specifically, the regression model revealed that infants’ RL abilities explained 15% of the variance of the MLU outcome, but did not predict the EV outcome, even though MLU and EV scores were highly correlated. Therefore, the present finding suggests that visual RL abilities are specifically related to the development of early grammatical skills, while they do not predict lexical skills as measured by vocabulary size.

The positive correlation between MLU and EV scores in our data confirms the well-established relation between grammatical competences and vocabulary size (Caselli et al., 1999; Tomasello, 2009). Nevertheless, the finding of a selective relation between RL abilities and early grammatical skills suggests that the development of grammar could be at least partially driven by general learning processes, and not entirely depend upon the acquisition of lexical knowledge (Skeide and Friederici, 2016). Indeed, there is evidence that many months before infants start producing their first words, they are sensitive to some aspects of grammar. For example, infants between 2 and 8 months are able to discriminate two sentences based on differences in word order (Mandel et al., 1996), and 6-month-olds can distinguish between nouns and verb phrases when prosodic cues are available (Soderstrom et al., 2003). There is also neuroimaging evidence for similar patterns of activation in 3-month-old infants and adults during a sentences repetition task involving superior temporal and inferior frontal regions, which are part of Broca’s area (Dehaene-Lambertz et al., 2006). Broca’s area is involved in the analysis of grammatical and semantic information (Hickok and Poeppel, 2007), and its activation in 3-month-old infants suggests that a sentence learning mechanism is already at work even before the onset of the babbling stage. Our findings suggest that RL might be one of the main general learning mechanisms supporting the development of grammar skills, as it allows infants to construct abstract (Kabdebon and Dehaene-Lambertz, 2019) and hierarchical (Kovács and Endress, 2014) representations from sequential streams of items, and to generalize these representations to novel items and contexts (Rabagliati et al., 2019). These abilities resemble very closely those needed to face the learning challenge posed by the extraction of grammatical structures from the linguistic input.

One limit of the current study is that language skills at 24 months were assessed solely through parental reports. Although a direct assessment of language development may have been a valid alternative, parental reports are particularly suitable to be used with toddlers in the early stages of language production, when the familiarity and diversity of everyday situations are critical in obtaining a large enough language sample (e.g., Sachse and Von Suchodoletz, 2008). Moreover, the PVB questionnaire has high concurrent and predictive validity, as it discriminates toddlers with late language emergence vs. toddlers with typical language development, and infants at high-risk vs. low-risk for language impairments (Law and Roy, 2008). It has been shown that parents’ reports of toddler’s EV are highly correlated with concurrent and later measures of language development (Feldman et al., 2005). In addition, MLU scores accurately predict grammatical abilities, specifically when the scores are obtained before the age of 3 years (Devescovi and Pizzuto, 1995). Future studies should replicate and extend the present findings by assessing language comprehension and production at later ages (e.g., 36 months), when vocabulary spurt has occurred and complex grammatical skills are emerging. This would allow to understand whether RL continues to support the acquisition of grammar when children’s syntax understanding and production is applied to more complex hierarchical structures.

The present study contributes to our understanding of the mechanisms that subserve language learning as it points to the idea that infants are equipped with a set of domain-general learning abilities that play a critical role in boosting language development (Karmiloff-Smith, 1998; Hollich et al., 2000). In turn, this suggests that the acquisition of language skills does not rely on a language-specific device, in line with the available evidence of the presence of a tight link between language acquisition and early domain-general abilities, such as memory (Colombo et al., 2004), attention (Rose et al., 2009), and auditory processing (Cantiani et al., 2016). It is worth noting that, unlike previous studies that took into consideration a single measure of language (i.e., vocabulary; Shafto et al., 2012; Ellis et al., 2014), we measured the relation between visual RL and two different components of language, i.e., vocabulary and early grammar. Given the multi-component nature of language, measuring different aspects of language development within the same study is critical to the understanding of how different implicit learning mechanisms in the earliest stages of development may contribute to language acquisition.

Another important aspect of the current results is the implications they have for the understanding of atypical trajectories of language development. Indeed, the sensitivity of the visual RL task to discriminate individual differences in language acquisition might candidate this task as a screening tool for the identification of infants at high-risk for language impairments. While previous research showed a deficit in statistical learning of speech streams in children with language impairments (Evans et al., 2009) and in infants at risk for dyslexia (Kerkhoff et al., 2013), the current study is the first to suggest that the assessment of infants’ RL in the visual modality could act as a marker task for language disabilities. Future studies shall investigate further this possibility, by disentangling whether language impairments are specifically related to difficulties in the processing of the linguistic input per se, or, as the current results suggest, are at least partially linked to domain-general learning difficulties.
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One of the most important sources of predictability that human beings can exploit to create an internal representation of the external environment is the ability to implicitly build up subjective statistics of events’ temporal structure and, consequently, use this knowledge to prepare for future actions. Stimulus expectancy can be subjectively shaped by hierarchically nested sources of prediction, capitalizing on either local or global probabilistic rules. In order to better understand the nature of local-global proactive motor control in Down Syndrome, in the present study a group of participants with Down Syndrome (DS group; n = 28; mean age 29.5 ± 13 years; range 10–54) and a group of typically developing participants matched by either gender or mental age (TD-MA group; n = 28; 5.6 ± 1 years; range 4–8) were administered a novel motor preparation task, defined as the Dynamic Temporal Prediction (DTP) task. In the DTP, the temporal preparation to imperative stimuli is implicitly shaped by the local increase of expectancy. This is manipulated trial-by-trial as a function of the preparatory foreperiod interval (Stimulus-Onset Asynchrony or SOA). In addition, temporal preparation can be also implicitly adjusted as a function of global predictive context, so that a block-wise SOA-distribution bias toward a given preparatory interval might determine a high-order source of expectancy, with functional consequences on proactive motor control adjustment. Results showed that in both groups motor preparation was biased by temporal expectancy when this was locally manipulated within-trials. By contrast, only the TD-MA group was sensitive to global rule changes: only in this cohort was behavioral performance overall impacted by the SOA probabilistic distribution manipulated between-blocks. The evidence of a local-global dissociation in DS suggests that the use of flexible cognitive mechanisms to implicitly extract high-order probabilistic rules in order to build-up an internal model of the temporal properties of events is disrupted in this developmental disorder. Moreover, since the content of the information to be processed in the DTP task was neither verbal nor spatial, we suggest that atypical global processing in Down Syndrome is a domain-general rather than specific aspect characterizing the cognitive profile of this population.

Keywords: down syndrome, proactive motor control, temporal expectations, local-global processing, dynamic temporal prediction task


INTRODUCTION

Down syndrome (DS), one of the most common genetic syndromes, is caused by full or partial trisomy of chromosome 21, in particular Trisomy 21, which is the most common karyotype accounting for 95% of cases. DS affects about 1 in 1000 newborns (McGrother and Marshall, 2008). A core feature of most of people with DS is that they show mild to severe levels of intellectual impairment together with a wide range of associated physical, medical and neuropsychological deficits in several cognitive domains. More specifically, a consistent finding documented in the literature is that the neuropsychological profile of children with DS is characterized by some impaired domains (i.e., verbal abilities) in spite of other domains being relatively preserved (i.e., visuo-spatial skills). According to a neuroconstructive account, the domain-specific dissociations in the verbal and visuo-spatial cognitive functions observed in this syndrome might be better understood as the end-state of a process of atypical modularization emerging across development rather than as the starting point neuropsychological characteristic of DS (Karmiloff-Smith, 1998). Consistent with this account, previous studies have highlighted atypicalities in Executive Function (EF) as domain-general features at the basis of the domain-specific impairment described in the DS. Specifically, working memory, inhibition and flexibility/set-shifting have consistently shown to be weaker relative to typically developing children matched on mental age or children with other forms of intellectual disability (Lanfranchi et al., 2004, 2010; Lee et al., 2011; Borella et al., 2013; Carney et al., 2013; Costanzo et al., 2013; Daunhauer et al., 2017). In addition to EF difficulties, other researchers have emphasized differences in visual selective spatial attention (Cornish et al., 2007; Scerif and Steele, 2011; Breckenridge et al., 2013; Carney et al., 2013) and in visual and auditory sustained attention (Brown et al., 2003; Atkinson and Braddick, 2011) as possible early dysfunctional hallmarks constraining the development of domain-specific cognitive skills in DS.

In parallel with what was shown for the spatial domain, more recently it has been reported that the ability to use temporal information to implement attentional control and optimize behavior may constitute another domain-general property of the human cognitive system. In fact, the ability to selectively allocate attention in time (i.e., temporal orienting) plays an essential role in the proactive regulation of human behavior (Nobre, 2001). Specifically, the ability to use external or internal environmental cues to establish temporal expectancy toward upcoming events represents an important gating mechanism that enables us to prioritize relevant stimuli and to process them faster and better (Correa, 2010). While these mechanisms have been widely investigated in adults (Coull et al., 2000; Correa et al., 2004, 2006; Coull, 2010; Mento et al., 2015; Mento, 2017), only a handful of studies have addressed the developmental trajectory of temporal orienting mechanisms. In one of the earliest studies on this topic (Mento and Tarantino, 2015), we used a cued reaction time task to provide behavioral evidence that voluntary (top-down) and automatic (bottom-up) mechanisms at the basis of temporal orienting follow a stable developmental trajectory after 6 years of age, although the ability to make a combined use of them emerges after 8 years of age (but see Johnson et al., 2015). Neuroimaging data further suggests that 8–12-year-old children engage adult-like neural mechanisms to orient attention in time either voluntarily or automatically (Mento and Vallesi, 2016; Mento et al., 2018). In spite of this promising research line on typically developing children, temporal attention has slipped out of the research agenda in the study of atypical development. Yet, there is consensus that a failure in using temporal information to generate predictive behavior toward future events may be a hallmark common to several neurodevelopmental disorders (Brenner, 2012).

In a recent study (Mento et al., 2019), for the first time we extended the investigation of temporal orienting toward an understanding of the mechanisms underlying this function in atypical development. Specifically, a group of children with DS was compared with either chronological or mental age matched controls while performing the same temporal orienting task already used with typically developing children in Mento and Tarantino (2015). The results showed that the overall behavioral performance of participants with DS was similar to that of typically developing children with equivalent mental age both in terms of response speed and accuracy. In spite of this, while automatic temporal orienting mechanisms instantiated by temporal regularities (i.e., foreperiod intervals) seemed to be well established and operating in both typically developing children and individuals with DS, only the first were able to use voluntary temporal attention, taking advantage from the temporal information explicitly provided by symbolic cues to speed up their performance. In other words, the ability to implicitly represent and process temporal information to implement proactive motor control was preserved in DS, while the ability to represent and use such information explicitly was disrupted in this population. This finding is consistent with previous suggestions that the implementation of strategic processes engaged in top-down attentional control presents an additional challenge for people with DS (Lanfranchi et al., 2004, 2010). At a first glance, these findings seem to suggest a tout-court dissociation between explicit and implicit attentional mechanisms in DS. However, it is not entirely clear whether the nature of implicit processes in atypical development is completely comparable to what is known about typical development. Although previous studies have suggested that implicit learning is a developmentally stable and inflexible mechanism (Meulemans et al., 1998; Vinter and Perruchet, 2010; Amso and Davidow, 2012), evidence coming from infant studies indicates that this cognitive function might be a flexible rather than static process, able to adapt to different experiential contexts. An emblematic example is constituted by the so-called rule learning, that is, the ability to automatically abstract important information on the simple basis of the statistical properties of sensory events (e.g., syllables) and, consequently, to translate these rules to different domains (e.g., faces). In this regard, it has been reported that rule learning stabilizes within the first year of life in typically developing infants (Johnson et al., 2009). It is therefore plausible to suggest that, by school age, implicit learning extracts dynamic and flexible characteristics that in turn allow information to be acquired in automatic mode and across several environmental contexts. In other words, to facilitate the acquisition of new knowledge of the world, implicit learning should be a flexible and adaptive mechanism.

Following up this hypothesis, in a recent study (Mento and Granziol, under revision) we tried to provide empirical support for the hypothesis that implicit mechanisms underlying proactive motor control have a flexible nature. Namely, in this study we used a new, child-friendly reaction time task purposely designed to investigate how local (within-trial expectancy bias) and global (between-block expectancy bias) predictions interplay to generate temporal expectancy and consequently shape proactive motor control in young (5–6-year-old), middle (7–8 year old) and old (9–10 old) typically developing children. Interestingly, we found that while local temporal prediction showed stable developmental trajectories, the ability to use a block-wise global rule to proactively adjust motor control in terms of both accuracy and speed becomes stable after the age of seven. On the one hand, these findings support the view that the implicit learning is an early emerging mechanism that nevertheless goes through developmental changes during childhood. On the other hand, they suggest that flexibility of implicit learning may constitute a necessary prerequisite for mastering complex domains that are explicitly represented.

Coming back to DS, one of the characteristic aspects of this genetic disorder is the difficulty manifested in cognitive processes that imply the ability to represent and explicitly manipulate information. In contrast, implicit processing seems to be preserved (e.g., Mento et al., 2019). However, current studies have mostly used experimental tasks that imply a static, rather than flexible use of implicit cognitive resources. It is therefore not clear whether in a situation that requires cognitive flexibility in the implicit adaptation to a variable environmental context, individuals with DS have typical or atypical developmental characteristics. In line with what has been described in the literature for explicit flexibility (D’Souza et al., 2016), one might expect that, even in the case in which explicit and intentional representation and/or manipulation of information is not required, individuals with DS may have implicit learning difficulties within of a dynamic and variable context implying local – global rule shifts. This hypothesis is in line with the neuroconstructivist account, which postulates that an impairment of early and domain-general ability (such as implicit learning) could result in a cascade of atypical outcomes. The main aim of the present research is to investigate how local - global predictive contexts can implicitly influence the ability to orient attention over time and consequently modulate motor performance in DS. In line with previous studies (Mento et al., 2019), we expected individuals with DS to be able to implement a form of implicit temporal expectation, therefore being sensitive to simple predictive rules (local bias). In line with the difficulties of cognitive flexibility in explicit tasks, however, we expect that implicit temporal expectation may nonetheless be inflexible. In other words, we hypothesized that, compared to a control group of same mental age, individuals with DS may have difficulties in implicitly adapting their motor performance to global predictive rules in spite of preserved local prediction.



MATERIALS AND METHODS


Participants

Twenty-eight participants with DS (mean age 29.5 ± 13 years; range 10–54; 14 females) were initially enrolled from different local associations of the North-East of Italy and compared with a group of twenty-eight mental age-matched participants with typical development (TD-MA; 5.6 ± 1 years; range 4–8; 14 females) recruited from preschools and primary Schools in the North-East of Italy. In both DS and TD-MA groups non-verbal abilities were assessed by means of the Raven’s Colored Progressive Matrices (CPM) test (Raven et al., 1990). The raw score obtained through the Raven’s PCM test was used to estimate mental age of both groups. For this purpose, Italian normative data (Belacchi et al., 2008) were used. The demographic characteristics of the three groups are reported in Table 1.


TABLE 1. Main demographic characteristics of the study’s participants.

[image: Table 1]Furthermore, parents of participants were asked to fill in the SDAG (Scala di Disattenzione e Iperattività – Genitori, or the inattention and hyperactivity scale for parents (Cornoldi et al., 1996). This is an Italian parent report measure designed to assess the presence of inattentive (subscale SDAG-1) or hyperactive (subscale SDAG-2) symptoms in children. Children scoring above the critical cut-off for the presence of significant inattentive or hyperactive/impulsive behavior were excluded from the study. Children reported as having neurological or psychiatric conditions were also excluded. All children’s parents signed a written consent form. All experimental procedures were approved by the Ethics Committee of the School of Psychology at the University of Padua (protocol n° 2536) and were conducted according to the principles expressed in the Declaration of Helsinki.



Experimental Procedure

All participants contributed to the study individually in a quiet room. Stimuli were presented on a laptop with a 17-inch monitor at a resolution of 1,280 × 1,024 pixels. Participants were seated comfortably in a chair at a viewing distance of around 60 cm from the monitor. All participants performed the Dynamic Temporal Prediction (DTP; Mento and Granziol, under revision) task. The DTP has been adapted from a previous task in our laboratory (Mento and Tarantino, 2015) to investigate how children adapt proactive motor control in relation to dynamic changes in the local and global predictive rules across the task.



Trial Structure

Each trial began with the display of a warning visual stimulus (S1), followed by the presentation of an imperative visual stimulus (S2) that stayed on the screen for a maximum of 3,000 ms. S1 consisted of a picture of a black camera lens surrounded by a circle (total size of the stimulus: 840 × 840 pixels, 144 dpi, 10.62° × 10.54° of visual angle). S2 consisted of a picture of a cartoon character, which was displayed centrally within the camera lens. The inter-trial-interval was randomly manipulated between 600 and 1,500 ms. The task consisted of speeded target detection; participants were required to press the space bar with the index finger of the dominant hand as quickly as possible at target occurrence. To encourage good performance in the participants, they were given the following instruction:

Hi! This is the BARBAPAPA family! Here is Barbadad, Barbamama, and their seven children. The barpapapas are playing hide and seek in the woods. Your job is to take a photo of them as soon as they appear in view of your camera. You can take a photo by pressing the space bar. Find them all! But take care—if you press the bar too soon or too late, they will run away!



Local Predictive Context

To investigate the effect of the local predictive context on behavioral performance, the S1–S2 stimulus-onset-asynchrony (SOA) was varied trial by trial within each experimental block so that three possible fixed intervals were created. These included a short (500 ms), a medium (1,000 ms), or a long (1,500 ms) SOA. This manipulation, illustrated in Figure 1A, was intended to introduce three levels of temporal preparation to S2 onset in each block. Specifically, this manipulation allowed us to investigate local prediction as the effect of the stimulus hazard rate on task performance. Indeed, the use of an S1–S2 SOA variable is expected to dynamically bias subjective temporal expectancy (Woodrow, 1914; Karlin, 1958; Niemi and Näätänen, 1981; Luce, 1986; Nobre et al., 2007; Los, 2010). Specifically, in line with previous literature (see Los, 2010 for a review), we expected participants to be fastest at detecting the targets occurring at the longest SOA and slowest at those appearing at the shortest SOA.


[image: image]

FIGURE 1. Dynamic temporal prediction (DTP) task. The DTP task was purposely designed to investigate the effect of both local and global predictive rules on implicit temporal preparation. The circle (S1) warned children on the presentation of the imperative S2 stimulus (a cartoon character; here represented with colored disks for illustrative purposes due to copyright restriction). Participants had to make speeded reaction times at S2 onset by pressing a button on the keyboard. The effect of local prediction was assessed by manipulating S1–S2 stimulus onset asynchrony (SOA) within each experimental block (A). The effect of global prediction was assessed by manipulating the between-block, a priori relative SOA distribution to create three probabilistic distributions in which the SOAs were equally distributed (uniform) or skewed toward the short (short-biased) or long (long-biased) SOA (B).




Global Predictive Context

As illustrated in Figure 1B, to assess the effect of the global changes in the predictive context, different probability distributions per each SOA interval were introduced and manipulated block-wise, as described below.


Uniform (U) Distribution Block

In this condition, a rectangular distribution of the three SOAs was used. That is, the frequency of each SOA in a block was kept constant. This type of distribution is the most classic probabilistic distribution employed in both the adult (Los, 2010; Vallesi, 2010; Mento et al., 2015; Mento, 2017) and the developmental SOA literature (Vallesi and Shallice, 2007; Johnson et al., 2015; Mento and Tarantino, 2015; Mento and Vallesi, 2016).

The use of an a priori uniform distribution has long been described to translate into a biased a posteriori temporal preparation. Indeed, as time goes by, the conditional probability of S2 onset increases exponentially in virtue of the fact that it has not occurred yet (Luce, 1986; Nobre et al., 2007). As a consequence, motor preparedness will be lowest at the shortest SOA and highest at the longest SOA.



Short-Biased (SB) Distribution Block

In this case, an a priori biased distribution toward the short SOA was delivered. In particular, the relative percentage was 60, 32, and 8% for the short, medium, and long SOA, respectively. This kind of distribution, also known in the literature as non-aging distribution (Trillenberg et al., 2000; Los et al., 2017), is purposely intended to counterbalance the hazard-based increment of temporal expectancy as a function of SOA length.



Long-Biased (LB) Distribution Block

In this block, a distribution mirroring the one used in the SB block was created. Specifically, the relative percentage was 8, 32, and 60% for the short, medium, and long SOA, respectively. This kind of distribution, also known in the literature as aging distribution (Trillenberg et al., 2000; Los et al., 2017), is purposely intended to exacerbate the hazard-based increment of temporal expectancy as a function of SOA length.



Experimental Design

The experimental manipulations yielded a factorial design in which either the SOA (short versus medium versus long) and the block type (SB versus U versus LB) factors were orthogonally contrasted to investigate the effect of local and global predictive context, respectively. A total of three experimental blocks per SOA distribution were delivered, for a total of 9 blocks. Each block included 30 trials, for a total of 270 trials administered to each participant. The total length of the experiment was about 15 min. To avoid participants inferring the change in the global probability distribution, no pauses were introduced between blocks. Instead, a blank slide was inserted in the middle of each block to allow children to rest. It is important to note that participants were not told about the presence of between-block different probabilistic distributions to ensure they did not know about the global rule changes. In this way, we were able to investigate the presence of group differences in relation to the ability to adjust behavioral performance implicitly in terms of both speed (RT) and accuracy (percentages of not-anticipated responses) as a function of either local or global predictive rules. All blocks were matched for sensorimotor requirements, as the visual stimuli and the required response were always the same across the experiment. The only differences were related to the changes in the predictive context experienced through the task. Moreover, block-type order was counterbalanced between subjects. This ensured that spurious effects due to introducing either local or global fixed predictive contexts did not bias the performance. Before starting the experimental session, participants were presented with a block of 20 training trials for each condition to ensure they understood task instructions. During training, all participants received feedback every trial according to their performance. Specifically, a neutral yellow smile was displayed in cases in which either anticipatory (before target onset) or premature (<150 ms before target onset) responses were provided. A yellow smile was displayed if the RT was between 1,000 and 1,500 ms from target onset. Finally, a green smile was displayed if the RT was between 150 and 1000 ms. E-prime 2 software (Psychology Software Tools, Pittsburgh, United States) was used to create and administer the experiment.



Data Analysis

Both mean accuracy and RT to targets were collected and analyzed separately for both groups. Specifically, in order to obtain a preliminary, general measure of the ability to accomplish the task, mean accuracy was calculated for each group as the mean of correct (i.e., not anticipated) responses across all experimental conditions. Only responses between 150 ms and 1,500 ms from target onset were considered correct and included in the analyses. According to our previous study investigating motor preparation in participants with DS (Mento et al., 2019), only participants showing mean performance exceeding an a priori cutoff value of >65% were entered in the models on RTs. This was done to rule out the possibility that any RT effects or their comparisons across groups may be biased by spurious variables, including poor understanding of task instruction or generalized difficulties in maintaining attentional set along the whole task. This also allowed us to improve the statistical reliability of RT analysis because it only included those participants who exhibited a sufficient number of correct trials per experimental condition.

Generalized linear mixed effect models (GLMMs) were tested on both mean accuracy and RTs. Group (i.e., DS vs. TD-MA), the SOA length within-block (i.e., short, medium and long) and the block-type (SBd vs. Ud vs. LBd) were set as fixed factors, the models’ intercept as random factor (i.e., random intercept models) and children as the clustering variable. Interactions of Group with both SOA and Block were tested as well. Cohen’s d according to the method explained by Westfall et al. (2014) were computed for each effect (i.e., main or multiple comparisons). All the statistical analyses were computed using R statistical software (R Core Team, 2018), and using the lme4 package (Bates et al., 2015) to test the GLMMs. Given the exploratory nature of this study, multiple comparisons were computed only for the statistically significant main effects, by using the emmeans (Lenth, 2018) package; in this case, the p-value were adjusted with a False Discovery Rate correction (FDR; (Benjamini and Yekutieli, 2001). The p-values of the GLMMs were obtained by means of the car package (Fox and Weisberg, 2018). The results of the GLMMs are presented separately.



RESULTS


Accuracy

The mean accuracy scores per group and condition are reported in Table 2. The statistical results for task accuracy are summarized in Table 3.


TABLE 2. Mean accuracy.

[image: Table 2]
TABLE 3. Main results of the generalized linear mixed-effect model on mean accuracy.

[image: Table 3]There were no significant between-group differences in terms of mean accuracy (percentages of anticipated responses), confirming that the task was equally difficult for participants with DS and TD-MA children. Nevertheless, accuracy was affected by SOA, because participants were overall more accurate at detecting the trials with short as compared to those with both medium (t(424) = 5.68, p < 0.001, d = 0.39) and long SOA (t(4241) = 10.29, p < 0.001, d = 0.72). We also observed higher accuracy in medium than long SOA trials (t(424) = 4.61, p < 0.001, d = 0.32). Although the Group × SOA interaction did not reach statistical significance the data show a general tendency of the DS group to make more anticipation errors. In fact, as shown in Figure 2 (left panel) the accuracy difference between the short and long SOA trials was bigger in the TD-MA group (local delta effect = 9.84%; t(424) = 8.99, p < 0.001, d = 0.89) than in participants with DS (local delta effect = 6.1%; t(424) = 5.56, p < 0.001, d = 0.55).
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FIGURE 2. Mean task accuracy. Age cluster interacts with foreperiod (left panel) and distribution (right panel). LB, long-biased; SB short-biased; SOA, stimulus-onset-asynchrony; U, uniform. Black bars refer to confidence intervals.


No significant main effect of Block emerged, suggesting that accuracy was generally not affected by the global distribution properties of the single intervals. Most remarkably, we found a significant interaction between the factor Block and Group. As shown in Figure 2 (right panel), only in the TD-MA group was performance significantly affected by the global rule changes, with lower accuracy within SB than the LB blocks (t(424) = 2.92, p = 0.01, d = 0.29). In contrast, DS children displayed similar accuracy (t(424) = 0.19, p = 0.98, d = 0.01) in all blocks.



Reaction Times

The mean accuracy scores per group and condition are reported in Table 4. The statistical results for task response speed are summarized in Table 5.


TABLE 4. Main results of the generalized linear mixed-effect model on mean reaction times.
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TABLE 5. Mean reaction times.

[image: Table 5]In line with what was observed for accuracy, performance was comparable between participants with DS and TD-MA children in terms of response speed, as confirmed by the absence of a main Group effect on mean RTs. In spite of this, we observed a robust effect of SOA. As shown in Figure 3 (left panel), response speed was overall lower as the SOA increased, confirming that participants were able to adapt their motor preparation on the basis of the probability of S2 onset, which was lowest at the shortest SOA and highest at the longest SOA. More specifically, pairwise comparisons confirmed that participants were overall faster in the long than the short SOA trials (z = −6.75, p < 0.001, d = 1.16) as well as in the medium as compared to short SOA ones (z = −4.881, p < 0.001, d = 0.91). No significant differences were observed when comparing RTs in long vs. medium SOA trials (z = −1.618, p = 0.24, d = 0.25). Noticeably, the SOA effect was constant among groups, as confirmed by the non-significant interaction. Indeed, as displayed in Figure 3 (left panel), the difference between the mean response speed in short vs. long SOA trials was similar among the DS (local delta effect = 103.69 ms; z = 5.53, p < 0.001, d = 1.13) and TD-MA (local delta effect = 109.91 ms; z = 5.32, p < 0.001, d = 1.19) group.
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FIGURE 3. Mean reaction times. Age cluster interacts with SOA (left panel) and block (right panel) on RT. LB, long-biased; SB, short-biased; SOA, stimulus-onset-asynchrony; U, uniform; RT, reaction time. Black bars refer to confidence intervals.


No main effect of Block emerged, although this factor interacted with Group. Indeed, as the task became more pressing (SB block), TD-MA children showed faster RTs compared to LB blocks (global delta effect = 55 ms, z = 0.84, p = 0.13, d = 0.6). By contrast, participants with DS did not show any significant between-block difference in response speed (global delta effect: 2.87 ms, z = 0.17, p = 0.98, d = 0.03), as shown in Figure 3 (right panel). In other words, TD-MA children succeeded to implicitly adapt their behavioral performance to task demands, becoming faster when the task became more pressing. However, participants with DS failed to show any adjustment of response speed as a function of task difficulty. The lack of speed adaptation to the global temporal pattern of the task in participants with DS did not depend on their demographic characteristics, as shown by the absence of significant correlations between delta global effect and chronological (r = −0.13; p = 0.48) or mental (r = −0.24; p = 0.22) age.



DISCUSSION

In the present study, we investigated how the ability to generate implicit temporal expectancy on the basis of local and global predictive rules may affect proactive motor control in individuals with DS compared to mental-age matched typically developing children.

To this purpose, we used a simple stimulus detection task, known as Dynamic Temporal Prediction task (DTP; Mento and Granziol, under review), in which all participants were asked to produce speeded motor responses to warned imperative stimuli. The preparatory interval (SOA) between the warning and the imperative stimulus was manipulated within trials to generate temporal expectancy on the basis of local probabilistic rules. In addition, we introduced a higher-order (global) predictive rule by introducing three types of blocks with different SOA probabilities, leading to a U (same probability per each SOA), an SB (higher probability of short SOA), and an LB (higher probability of long SOA) distribution.

The results showed no overall significant differences between groups in terms of mean response speed. We also found no significant group differences in the mean accuracy, which was overall very high (above 85% of not anticipated responses). These findings confirmed that the task was equally difficult for participants with DS and TD-MA children. We found that in all participants task performance was implicitly biased by temporal expectancy generated on the basis of local prediction. This was demonstrated by significantly faster (although more inaccurate) responses in trials with long than short preparatory (SOA) intervals. In other words, the longer participants waited for the presentation of the imperative stimulus, the higher was the conditional probability of its onset, hence, the faster they were to detect it. Yet, the downside of this greater motor preparation was a loss of control, with a higher number of anticipation errors for the expected imperative stimuli. The effect of local expectation on behavioral performance is well known and has been consistently reported in typically developing adults (see Los, 2010 for a review) and children (Vallesi and Shallice, 2007; Johnson et al., 2015; Mento and Tarantino, 2015; Mento and Vallesi, 2016). Traditionally, it has been explained by assuming that the probability of an event to occur at a given moment is conditioned by the local accumulation of evidence that has not yet occurred (Niemi and Näätänen, 1981; Luce, 1986). Here we report that task performance was equally impacted by SOA duration in both groups, confirming our recent observation that local prediction is present and operating in the DS (Mento et al., 2019). From a theoretical point of view, our findings also corroborate the hypothesis that the ability to use local prediction (i.e., the foreperiod effect) does not require effortful cognitive processes such as strategic or voluntary control of attention and preparation over time (Van Der Lubbe et al., 2004; Los and Heslenfeld, 2005; Los, 2010; Mento and Tarantino, 2015; Los et al., 2017; Mento et al., 2019).

In spite of preserved speed, accuracy and local prediction performance, we found a remarkable group difference in the ability to extract and use global patterns to generate feedforward motor control. Indeed, in typically developing children, we observed a significant response speeding up to the imperative stimulus in the blocks with a higher frequency of short SOA trials as compared to those with uniform or long-biased distributions. This means that as the task became faster in stimulus presentation, typically developing children were able to adapt their performance, showing faster reaction times (although this implied a slight decrement in response accuracy). Noteworthy, this adaptation did not occur in individuals with DS, who exhibited same accuracy and mean response speed for different global predictive patterns. In other words, although participants with DS were able to implement a basic form of proactive motor control based on the simple accumulation of local expectancy, this ability was not flexibly modulated by global context.

These results provide a possible new avenue for a deeper understanding of the nature of implicit mechanisms in atypical development. In this regard and as far as we know, previous studies claiming that implicit learning is preserved in children with DS (Parkin et al., 1990; Wyatt and Conners, 1998; Vicari et al., 2000; Jones et al., 2002) mainly used task requiring to learn implicitly vs. explicitly from a static pattern. Here, for the first time we used a new kind of task defined as Dynamic Temporal Prediction (DTP; Mento and Granziol, under revision) that purposely introduced hierarchically nested, local-global predictive patterns in a dynamic context. The sequence of local (SOA duration) and global (block-type) were fully randomized for each participant, so that they were required to extract consistent rules from a changing sensory stimulation. This methodological aspect allowed us to test not only the tout-court presence of implicit learning on motor performance. Rather, it provided a new way to test how flexible and adaptive this cognitive function is. In a recent study using the same task (Mento and Granziol, under revision) we found that the ability to use global patterns to feedforward adapt the motor behavior is already in place from 5 years onward, although it reaches a stable developmental trajectory after 8 years of age. From a developmental perspective the changes in global cognition compared to the stable age trend of local cognition suggests that global cognition generally requires a more developed statistical learning ability, including the capacity to extrapolate and introject even more complex sensory patterns based on hierarchical composite relationships between single elements. This account is in line with Elman’s (Elman, 1993) hypothesis of the “importance of starting small,” (p.72) suggesting that developmental constraints on learning may constitute a necessary prerequisite for mastering complex domains. Also in line with a neuroconstructive theoretical account, a possible way to reconcile previous findings of preserved implicit learning in DS, our findings suggest that perhaps implicit learning, albeit present, is nevertheless less flexible than in typical development. Limited flexibility of implicit mechanisms in the DS may be an early, domain-general constraint whose developmental effect translates into an impairment of explicit cognition, although additional empirical evidence is needed to support this hypothesis.
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FOOTNOTES

1Degrees of freedom are calculated accordingly to the kenward-roger approximation (Kenward and Roger, 1997).
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Executive functions (EFs)’ development is critically affected by childhood adversity exposure. Although recent studies underlined the deleterious effects of early life stresses on working memory (WM) and inhibitory control, they were scarcely investigated in war context especially in relation with learning abilities. In order to fill this gap, we designed a research with the aim to evaluate EFs together with early math skills. In particular, we conducted a study involving 150 children divided into three groups: 48 Yazidis (Mage = 71 months, SD = 6.59), 47 Syrian refugees (Mage = 68.77 months, SD = 7, age), and 55 Italians (Mage = 68.65 months, SD = 2.88) attending the third year of kindergarten in Italy or inserted in Psyco-Social-Support activities in Iraq. The children were evaluated with a variety of tasks assessing WM, inhibitory control, counting, digit-quantity mapping, and digit naming skills. The results indicated substantial differences both in EFs and early numerical abilities between the deprived groups and the Italian children. Data are discussed in terms of implications for children both exposed to mainstream school environments and living in socio-economically disadvantaged and deprived contexts.
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INTRODUCTION

Early exposure to deprived environments, deviating considerably from the care that is typical for children, may represent a risk factor for negative longer term outcomes and lasting alterations at both cognitive, social–emotional, and behavioral level (Merz et al., 2016). Experience-expectant models of development suggest that, for typical neural development to proceed, expected environmental input, such as the presence of a sensitive and responsive attachment figure, adequate physical resources (e.g., nutrition) as well as social and linguistic stimulation matched to child’s developmental stages and needs, must be provided at certain sensitive periods (Marshall and Kenney, 2009). A recent review of the literature confirms that early adverse experiences get “under the skin” with specific effects on hypothalamic–pituitary–adrenal axis, level of inflammation and brain functioning (Danese and McEwen, 2012). More specifically, in relation to the brain activities, literature shows the effect of maltreatment and early stress during childhood (McCrory et al., 2011) on three areas known to be highly sensitive to psychosocial stress: amygdala, hippocampus, and prefrontal cortex (PFC). PCF, in particular, is considered the neural substrate of executive functions (EFs) (McEwen and Morrison, 2013).

Executive functions are defined as a set of interrelated top-down mental processes crucial for goal-directed activities. These functions allow individual to (1) hold, update, and actively manipulate information in mind, (2) inhibit inappropriate responses, (3) show flexibility in strategies, ideas, and activities (see Zelazo and Müller, 2002; Miyake and Friedman, 2012). EFs have been extensively investigated in children (for a review see Garon et al., 2008), resulting significantly related to learning abilities on both reading and math, overall school achievement (Blair and Razza, 2007; Bull et al., 2008; Clark et al., 2010; Bull and Lee, 2014), as well as to later academic outcomes (e.g., McClelland et al., 2014). By means of a cascade effect, EFs are broadly considered fundamental for the acquisition and mastering of more complex skills, such as early mathematical abilities (e.g., Espy et al., 2004; Bull et al., 2008). More specifically, previous studies conducted on typically developing children showed that WM skills predicted numerical competence in preschool and primary school both directly (e.g., Bull et al., 2008; Passolunghi and Lanfranchi, 2012) and indirectly (e.g., Krajewski and Schneider, 2009). Similarly, inhibitory control during the preschool years accounted for variability in children’s early math achievement 1 year after school entry (see Clark et al., 2010).

Taken together, these pieces of information seem to indicate that early adversity crucially undermines domain-general skills (i.e., EFs) which, in turn, are associated with achievement abilities. Studies on the field confirm that institutionalized children show poorer levels of inhibitory control and WM ability (Merz et al., 2016), as well as children diagnosed with maltreatment-related post-traumatic stress disorder (PTSD) reveal more distractibility and lower sustained visual attention (Beers and De Bellis, 2002). Furthermore, familial trauma is shown to have an effect on EFs’ composite score, including performance in WM, inhibition, auditory attention, and processing speed tasks (DePrince et al., 2009).

However, literature on EFs is surprisingly lacking on children living in war-affected contexts, and related refugee conditions, despite the enormous relevance and topicality of these issues in contemporary society. In fact, approximately one in six children today lives in a war context (Save the Children International, 2018) as well as a huge number of children (seventy-one million, UNHCR, 2019) is currently displaced in the world and at a potential risk of cognitive disadvantage and mental illness. Considering this state of art, it is critical to organize evidence-based interventions targeted for specific deprived life conditions.

A recent study on Yazidi children indicated that preschoolers, living in a critically adverse context, show lower scores in hot and cool EFs tasks, in particular in delay of gratification and inhibition abilities, with a specific effect on motor (circle drawing task) and prevalent response (day and night Stroop task) control (Pellizzoni et al., 2019), thus confirming previous developmental research (Merz et al., 2016). On the other hand, a study conducted by Chen et al. (2019) underlines a specific effect of poverty, but not violence, on WM. These findings highlight the importance of carefully distinguishing between types of childhood adversity exposure (e.g., violence and poverty) in order to identify the specific relevant neurocognitive pathways underlying children’s cognitive functioning as well as their psychosocial well-being.

In the light of this state of art, the aim of this study was to explore the signature of living in war context investigating EFs and math abilities in three groups of preschool children Italian, Syrian and Yazidis. In particular we expected to: (a) confirm the relation between deprived living environments, specifically focusing on genocide context and refugee condition, and poor EFs, already found in literature (e.g., Welsh et al., 2010; Merz et al., 2016; Pellizzoni et al., 2019); (b) observe lower early mathematical skills in deprived children, comparing three groups of preschoolers coming from different socio-cultural and economic backgrounds (i.e., Yazidis, Syrian refugees, and Italians).



MATERIALS AND METHODS


Participants

Participants were 150 children divided into three groups: 48 Yazidis (Mage = 71 months, SD = 6.59, age range: 62–80 months, 24 females), 47 Syrian refugees (Mage = 68.77 months, SD = 7, age range: 60–80 months, 24 females), and 55 Italians (Mage = 68.65 months, SD = 2.88, age range: 62–72 months, 28 females). Yazidis are a Kurdish religious minority found primarily in northern Iraq, southeastern Turkey, and northern Syria; the majority of Yazidis live in northern Iraq and they have suffered numerous atrocities perpetrated by ISIS that are described as genocide (United Nations Human Rights Council, 2016, June 15, 32nd session); most of them are currently internally displaced people (IDPs). On the other hand, the sample of refugees included children from different areas of Syria living in refugee camps specifically organized to accommodate them. The data were collected in the HARSHAM Camp, close to the city of Erbil, that hosts mainly Syrian refugees together with internal displaced persons (IDPs), and in the Bajid Kandala Camp, in the Dohuk Governorate closed to the border with Syria and Turkey, hosting mainly IDPs belonging to Yazidis’ community, who survived the genocide. Both Camp facilities include tents and prefabricated shelters and containers, and they offer internal activities destined to preschoolers focused on promoting aggregation and socialization among the children and including play together, respect simple roles, painting, and enhancement of motor abilities. Italian children were recruited from three preschools located in different urban areas of northern Italy, serving middle socioeconomic status families. None of the participants displayed developmental delay or reported learning difficulties.



Procedure

Consent to participate in the research was obtained from children’ teachers and parents and participants also gave verbal assent before being tested. Children’s assessment was conducted in a single session, lasting approximately 30 min, in a quiet space. The order of tasks presentation was counterbalanced across participants. In the Italian sample, evaluation was carried out by two experimenters (female Italian master students), while in the other two cases (i.e., Yazidis’ and Syrian refugees’ groups) testing was guided by two social workers (one male and one female) in Arabic (for Syrian refugees) and Kurdish Badini (for Yazidis).

In math-related use of words, the Arabic and Italian languages have a very similar structure: for example, the term naming the number 11 (eleven) includes both components, ten + one; therefore, in these two cases, the use of the number words has a quite regular structure. Yazidi minority group use – both as spoken and written language – the Kurdish Badini, though they know and speak both Arabic and other variants of Kurdish. Given the fact that children were less familiar with Arabic than with Badini, and in order not to create other potentially confounding factors associated with less frequent use of Arabic language, Yazidi children were tested in Badini. The latter has completely novel words for 11 and 15 while the other number words have a regular structure.

The data collectors were from the same language/cultural background of the children, and native speakers of the participants’ language. In order to guarantee a reliability between data collectors, we provided a training on the consequences of trauma on behavior and cognitive abilities, specifically on EFs, and described tools that could provide a specific cognitive evaluation. Moreover, data collectors were trained directly in the field, supervised by an expert researcher, on how to evaluate a child and how to report the results.



Measures


Executive Functions


Working memory

Working memory skills were measured using the backward word span task (adapted from Lanfranchi et al., 2004). Participants were read lists of two to five words and were required to recall each sequence in reverse order to that used by the examiner. The test included four difficulty levels, for a total of eight trials. A score of one was given for each sequence correctly recalled (expected range 0–8). The test–retest reliability was 0.84.



Inhibitory control

Inhibition skills were tested using the day and night Stroop task (Gerstadt et al., 1994), comprising a congruent and an incongruent (or Stroop) condition. In each condition children were shown a sequence of 16 pictures presented one at a time, eight depicting the sun and eight depicting the moon. In the congruent condition, children were asked to say either “day” or “night” whenever a picture of the sun or the moon was presented, respectively. In the incongruent condition, participants were required to say “day” for the picture of the moon and “night” for the picture of the sun. One point was given for each correct response in each condition (expected range 0–16). The test–retest reliability was 0.97 for the incongruent condition.



Early Mathematical Abilities


Forward counting

To measure forward-counting skills, we used a task adapted from the forward sequence subtest of the Numerical Intelligence Battery (BIN; Molin et al., 2007). Children were asked to recite aloud the numerical sequence from 1 to 50 and obtained one point for each correct response. Considering the differences between the number word systems of Italians and Syrians on the one hand, and Yazidis on the other, in order to examine distinctly performance for single digits and two-digit numbers, we analyzed forward counting separately for 1–10 and 11–50 (expected ranges 0–10 and 0–40, respectively). The test-retest reliability was 0.83 for counting from 1 to 10 and 0.82 for counting from 11 to 50.



Backward counting

Backward-counting skills were tested using a task adapted from the backward sequence subtest of the BIN (Molin et al., 2007). Participants had to recite the numerical sequence backwards from the largest number correctly counted in the forward counting task to one, obtaining one point for each correct response. As well as for forward counting, also in this case we conducted separate analyses from 10 to 1 and from 50 to 11 (expected ranges 0–10 and 0–40, respectively). The test-retest reliability was 0.82 for counting from 10 to 1 and 0.81 for counting from 50 to 11.



Digit-quantity mapping

Digit-quantity mapping was assessed using the digit-dots correspondence subtest from the BIN (Molin et al., 2007). In this task, children were asked to match a presented digit ranging from one to nine with the corresponding set of dots among three different visually presented sets, receiving one point for each correct answer (expected range 0–9). The test–retest reliability was.79.



Digit naming

Digit naming skills were measured using a task adapted from the number naming subtest of the BIN (Molin et al., 2007), in which participants were shown digits from 1 to 16 and had to read aloud them. One point was given for each digit correctly recognized and named. Analogously to forward and backward counting, we analyzed also digit naming separately for 1–10 and 11–16 (expected ranges 0–10 and 0–6, respectively). The test-retest reliability was 0.86 for naming from 1 to 10 and 0.83 for naming from 11 to 16.



Short-Term Memory

To assess STM skills, we used the forward word span task (Lanfranchi et al., 2004). Children were presented with sequences of two to five words and were asked to repeat each list immediately after the presentation in the same order as the examiner. The test included four difficulty levels, for a total of eight trials. A score of one was given for each sequence correctly recalled (expected range 0–8). The test–retest reliability was 0.87.



RESULTS

Means and standard deviations of scores of the three groups of children are presented in Table 1. Preliminary analysis indicated no difference between the groups in terms of chronological age, F(2,147) = 2.67, p = 0.07, [image: image] = 0.035 and gender, F(2,147) = 0.006, p = 0.99, [image: image] = 0.000. Therefore, these parameters were not further included as covariates in the analysis.


TABLE 1. Mean scores and standard deviations in the different measures of the three groups of children (SRG, YG, and IG).

[image: Table 1]Bivariate correlations between all measured variables are reported in Table 2 for Yazidi and Syrian refugee children and in Table 3 for Italian children. It should be noticed that in all three groups EFs and early math abilities were significantly related.


TABLE 2. Bivariate correlations between all variables considered in the study for Yazidi (n = 48) and Syrian refugee (n = 47) children.
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TABLE 3. Bivariate correlations between all variables considered in the study for Italian children (n = 55).
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Group Comparisons

Differences between the three groups of children were investigated through a multivariate analysis of variance (MANOVA) with the group (Syrian Refugees Group-SRG, Yazidi Group-YG, and Italian Group-IG, respectively) used as the fixed factor, and the measures of STM, EFs (i.e., WM and inhibitory control) and early mathematical abilities (i.e., forward and backward counting, digit-quantity mapping, and digit naming) as the dependent variables. Bonferroni-adjusted post hoc pair-wise comparisons of scores were also carried out. Univariate test results and Bonferroni’s adjusted post hoc pair-wise comparisons from MANOVA between the three groups of children are reported in Table 4.


TABLE 4. Univariate test results and Bonferroni’s adjusted post hoc pair-wise comparisons from MANOVA between the three groups of children (SRG, YG, and IG).

[image: Table 4]Overall, univariate test results established significant differences between the three groups in all measures considered in the study (i.e., EFs and early mathematical abilities), except for STM skills. More specifically, YG and SRG, living in contexts characterized by various conditions of deprivation, showed a lower level of both EFs (i.e., WM and inhibitory control) and early mathematical abilities (i.e., forward and backward counting, digit-quantity mapping, and digit naming) than IG, coming from not deprived sociocultural contexts. Regarding WM, inhibitory control, and early math skills, except for digit naming (1–10), no significant differences were found between the two deprived groups.



DISCUSSION

The present study grounds on two main aspects enucleated from the previous research: on the one hand, EFs provide a crucial foundation for learning in school settings and early school achievement (see Zelazo et al., 2016), predicting a wide range of important outcomes, such as early math abilities (e.g., Blair and Razza, 2007; Bull et al., 2008; Clark et al., 2010); on the other hand, EFs’ development is critically affected by the levels of stress, disadvantage, or deprivation that children experience early in their lives (Shonkoff et al., 2009). Our results revealed that Yazidi and Syrian children, both coming from highly deprived backgrounds characterized by genocide context and refugee condition respectively, showed poorer EFs skills than Italian preschoolers, thus confirming the link between EFs deficit and exposure to stressful living conditions (e.g., Merz et al., 2016). More in detail, inhibition control resulted more impaired in both Yazidi and Syrian children than Italians, while WM skills emerged as worse only in the sample of Yazidis compared to Italian group. The greater impairment of WM in the Yazidis may be attributed to the fact that the genocide suffered by this latter group represents a condition of extreme and violent deprivation (United Nations Human Rights Council, 2016). There was no significant difference between the three samples of children in STM, used as control measure, in line with recent findings suggesting that STM skills may not be so strongly affected by socio-economic background (Alloway et al., 2017).

Furthermore, the results confirmed the relationship between EFs and early mathematical abilities, already found in typically developing children. Indeed, the two groups of deprived children (i.e., Yazidis and Syrian refugees) not only showed lower EFs skills but also revealed significantly poorer early mathematical abilities than Italians, by performing worse all four mathematical tasks used in the study.

In summary, although all three groups of preschoolers had not yet access a formal approach to the concept of number, it is possible to observe that more deprived children showed significantly lower EFs and poorer early math performance.

Our study is limited in several ways. First of all, we must acknowledge that, although we found correlations between EFs and early math abilities, this does not preclude the possibility that other bio-psycho-social variables could mediate or moderate this relationship. Genetic background (Brett et al., 2015), age differences related to the degree of PFC vulnerability to stressors (McEwen and Morrison, 2013), severity, timing, and duration of deprivation (Beckett et al., 2010) may have contributed to determine our results. Likewise, we have no information regarding certain potentially relevant aspects, such as children’s family composition, difficulties and/or traumas related to prenatal and/or perinatal status, and the possibilities to access to medical care. Furthermore, at a psychological level, differences in domain general cognitive abilities (e.g., intelligence), number words system used, and specific educational stimulations could have driven the data. Lastly, the level of poverty experienced in the specific geopolitical context may have had an impact on the differences we observed in preschool children involved in our study (see Chen et al., 2019).

Secondly, we compared three different situations: Yazidi, Syrian refugee, and Italian preschoolers. The specific environmental and political situation experienced by Yazidi children may not be representative of other different forms of deprivation, such as war and refugee experience, and both the analyzed deprived conditions are substantially dissimilar from the Italian one. In this sense, it would be more methodologically correct to use a sample from the same population but not affected from the crucial political and social events in question (Bos et al., 2009; Lan et al., 2011). In this specific study, anyway, given the extended and complex social situations in the territory, it was not possible to recruit non-affected samples.

It is our belief that this study contributes to the literature in numerous ways: firstly, it is an attempt to evaluate cognitive consequences of genocide and deprivation providing important insight into the effects of these types of experience on both EFs and numerical abilities in early childhood. Secondly, and consistently with the literature, deprivation seems to have an effect on basic abilities, thereby confirming the importance of school-based activities for specific interventions programs. The possibility not only to evaluate but also to apply tailored trainings in these contexts and in other migration-related situations may be crucial for helping future adults deal with the scourge of war.
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Different investigations have found that very or extremely (high risk) preterm children show global or specific difficulties in phonological awareness (PA) and reading abilities. Do low risk preterm children, however, exhibit this pattern? Phonological awareness has been considered an important predictor of literacy. Certain executive functions (EFs), and language abilities in turn, have been found to predict PA. The aims of this study are (1) to compare reading abilities of low risk preterm children of different gestational age (GA) groups to those of full-term children, (2) to compare the performance of low risk preterm children of different GA groups to that of full-term children in different EFs, language measures and PA, and (3) to perform a path analysis in order to test a longitudinal model of the relationships between EFs, language abilities, PA and reading. The participants were 108 low risk 4- year-old preterm children, classified into 3 groups of different GAs, and 34 full-term children. The children’s EFs (rapid automatized naming task (RAN), working memory, and inhibition) were assessed at 4 and 5 years of age. Vocabulary comprehension, morphosyntactic production and grammar reception were assessed when the children were 5 years of age, as well as phonemic awareness and syllabic awareness. Finally, reading abilities were assessed when the children were 9 years old. No significant difference between gestational age groups was found on any of the measures taken on EFs, language abilities, phonological awareness, or reading abilities. The path analysis model demonstrates the direct effect of working memory, certain linguistic skills governed by rules (grammar, morphology) and phonological awareness on reading abilities at 9 years of age. The model also shows the mediating role that PA has on the relationship between EFs and language abilities with reading abilities.

Keywords: reading abilities, preterm children, executive functions, language developement, phonological awareness (PA), path analysis, Predictive factors, low risk


INTRODUCTION

The main aim of this study is to analyze those factors which predict reading ability in a group of healthy preterm children and a group of full-term children through a path analysis as well as the mediating effect of phonological awareness (PA) in those relationships. We also intend to compare reading abilities and PA among four groups of children with different gestational ages (three of them healthy preterm and one full-term), as well as their performance in different executive functions (EFs) and language measures.


Predictors of Reading Ability

Reading abilities have aroused great interest in the scientific community, and particularly the identification of those factors which predict the acquisition of reading competence. This identification can have important consequences for the promotion of reading ability, which is of crucial importance for children’s educational development.

Phonological awareness and rapid automatized naming (RAN) were identified as important predictors of reading abilities in typically developing children (TD) (Swanson et al., 2003; Melby-Lervag et al., 2012; Norton and Wolf, 2012). PA is related with conscious access to the phonological structure and components of words. RAN is the ability to quickly name aloud series of familiar letters, numbers, colors, or objects, which is related to speed processing, sustained attention and response inhibition, and lexical retrieval.

Evidence exists that PA and RAN uniquely contribute to different aspects of reading, and that the combination of deficits in both of them (double deficit hypothesis) produces more pervasive and severe reading impairments than single deficits in either RAN or PA (Wolf and Bowers, 1999; Schatschneider et al., 2002; Kirby et al., 2003; Papadopoulos et al., 2009; Vander Stappen and Reybroeck, 2018). Phonological awareness, letter-sound knowledge and alphanumeric RAN were all found to be strong independent predictors of reading development in two longitudinal studies (Caravolas et al., 2013; Clayton et al., 2019). Schatschneider et al. (2002), however, have pointed out the difficulty in establishing the relative impact of RAN deficits on reading ability independent of deficits in PA. In contrast to the evidence accumulated, Swanson et al. (2003) in a meta-analysis have suggested that the importance of RAN and PA measures in accounting for reading ability has been overstated.

In addition to PA and RAN, other studies have indicated that other precursors may have an impact on reading. Oral language development was found to be a strong predictor of reading ability in TD as well, and of reading comprehension in particular. A great number of studies have indicated the similarities between children with specific language impairment (SLI) and dyslexia (Bishop and Snowling, 2004), and have also indicated that children with SLI or language delay have a significantly higher probability than TD of showing subsequent reading impairments (Conti-Ramsden et al., 2001; Catts et al., 2002; Rescorla, 2002; Joye et al., 2019). Children diagnosed with dyslexia may have not only difficulties in phonological processing, but also in semantics, syntax and discourse (Bishop and Snowling, 2004; van Rijthoven et al., 2018). Deficits in phonological skills were found to be strong predictors of reading difficulties (Russell et al., 2018), although other linguistic abilities were also found to predict reading difficulties. Among them, expressive vocabulary, receptive vocabulary, and syntax have been mentioned as predictors of reading comprehension (Muter et al., 2004; Swanson et al., 2008; Lervag and Aukrust, 2010; Kieffer, 2012; Durand et al., 2013).

Similar to SLI children, children with reading impairment also show problems in working memory and other executive functions (Brosnan et al., 2002; Reiter et al., 2005). These affect phonological processing and phonological awareness, which, in turn, are strongly involved in the reading process. In studies carried out with TD children and children with dyslexia, verbal working memory and complex visuospatial memory were predictors of reading comprehension (Smith-Spark et al., 2003; Soriano and Miranda, 2010; Menghini et al., 2011; López-Escribano et al., 2013; Wang and Gathercole, 2013). Arnell et al. (2009) concluded that working memory encoding underlies part of the relationship between RAN and reading ability.

In a finding that is especially relevant for the aims of our study, Knoop-van Campen et al. (2018), found a mediation effect of PA on the relation between working memory and word reading efficiency in children with dyslexia: working memory affected word reading through PA. It is also theoretically sensible that phonological awareness mediates in the influence of language development on reading.



Reading and Associated Abilities in Preterm Children

Most studies on reading abilities in preterm children (PT) were carried out with very preterm (VPT) or extremely preterm (EPT) children (gestational age < 32 weeks), and the results indicate that school-aged PT children obtain significantly lower results than full-term children (FT) in decoding abilities (Anderson et al., 2003; Johnson et al., 2012, 2016; Taylor et al., 2016; Alanko et al., 2017; Guarini et al., 2019), reading comprehension (Lee et al., 2011) or in both decoding abilities and reading comprehension (Pritchard et al., 2009, 2014; Johnson et al., 2011; Leijon et al., 2016, 2018). Similar results were found in two meta-analyses (Aarnoudse-Moens et al., 2009; Kovachy et al., 2015).

If the predictive variables of reading indicated before (PA, RAN, language, and EFs) are delayed in PT children, it is logical to think that PT children will show reading problems, given their role as precursors of reading abilities. The studies on these abilities in PT children have been mostly carried out with EPT or VPT children, as well. The few studies carried out with PT children of a wider GA range shed doubts on the idea of a general deficit in language development or EFs of PT children. In this regard, it is important to remember that EPT and VPT children represent only 20% of the total number of the PT population, and, therefore, there is a risk of making overgeneralizations from the investigation of VPT and EPT children to the general population of PT children.

In the same way, different studies with VPT or EPT children pointed to the existence of a deficit in PA and RAN in this population at 8 years of age (Alanko et al., 2017; Leijon et al., 2018).

Language delay has been commonly reported in EPT and VPT children (see Barre et al., 2011 for a meta-analysis). In contrast, healthy PT children with a wider GA range seem to progress in language similarly to TD in two studies using the same sample as reported here (Pérez-Pereira et al., 2014; Pérez-Pereira and Cruz, 2018).

Abundant investigation supports the conclusion that EPT and VPT children have deficits in EFs, such as working memory, attention, inhibition or flexibility, as compared to FT children (see van Houdt et al., 2019 for a meta-analysis). However, a study carried out with a sample of healthy PT of wider GA range (mean GA = 32.6, SD = 2.5) (the same sample as in this study) did not observe significant differences with FT children in working memory, inhibitory control and sustained attention (Pérez-Pereira et al., 2019).

The studies on the predictors of reading ability in PT children are scarce. Wocadlo and Rieger (2007) found that low performance in RAN increases the probability of difficulties in academic skills, including reading, in VPT children.

Guarini and Sansavini (2012) and Guarini et al. (2010) found that language (vocabulary, grammar, and PA) and short-term verbal memory had a predictive role on literacy at the age of 8 years for VPT children.

Anderson et al. (2018) studied the effect of the implementation of a working memory training program (Cogmed) on academic achievement (including word reading, spelling, sentence comprehension and mathematics), as well as on working memory, attention and executive behavior, in a sample of 7-year-old EPT children. No positive effect of the training was observed 24 months later.

Rose et al. (2011) using Structural Equation Modeling (SEM) found negative effects of prematurity on reading fluency (but not on letter-word identification), and these effects were mediated by processing speed and executive functions, working memory in particular. The authors found a cascade effect, in which prematurity negatively influenced processing speed, which then influenced EFs, which in turn influenced academic achievement (including reading). Working memory influenced reading independently of inhibition and shifting.

Borchers et al. (2019) studied the effect of a series of variables (PA, language, executive function, and non-verbal IQ) assessed at 6 years of age on text reading skills measured at 8 years of age in a group VPT children and a control group of FT children. VPT children had lower scores than FT children on all measures. Linear regressions analysis revealed that PA and language abilities predicted reading in both groups (accounting for 19.9 and 25.0% of variance, respectively, p < 0.001). Executive function and non-verbal IQ predicted reading only in children born preterm.

The novelty of the present investigation is that a great number of possible explanatory (exogenous) variables of reading abilities are studied in a longitudinal design in order to search for a good fit path analysis model which depicts dependencies among those variables. In addition, the sample differs from most previous studies, since it is composed of a wide range of GA variety (26-36 weeks), and the children did not show serious additional medical conditions, which makes it reasonable to think that it is a low risk sample.

The aims of the study are:


(1) To compare reading abilities among four groups of children with different gestational ages (three of them preterm and one full-term).

(2) To compare the performance of the same four groups in the possible predictive variables of reading abilities: PA, RAN, working memory, and language abilities.

(3) To analyze those factors which predict reading ability through a path analysis.

(4) To assess the potential mediating role of PA on the relationship between RAN, working memory, and language abilities in relation to reading abilities.



The hypotheses of the study are:


(1) Given the characteristics of the sample and the results obtained in previous studies, no significant difference in reading abilities will be found among GA groups.

(2) No significant differences will be found, either, in the independent variables studied among GA groups.

(3) Phonological awareness, RAN, working memory, and morphosyntactic development will have a determinant role on reading abilities, with a mediating role of PA.





MATERIALS AND METHODS


Participants and Procedure

The participants form part of a longitudinal sample of children followed since birth. The children were recruited from four different neonatal units of hospitals in Galicia (Spain) at birth. Parents’ consent was previously obtained, as well as the authorization of the Galician Ethics Committee of Clinical Research.

The initial sample was 151 PT children and 49 FT children. The group of PT children had a mean GA of 32.60 (SD = 2.43, range 26–36), and the FT group had a mean GA of 39.84 (SD = 1.44, range 37–42). The mean Apgar scores (1 min) of the PT and FT children were similar: PT mean = 7.87, SD = 1.43, and FT mean = 8.08, SD = 1.25 (t (197) = −0.909, p > 0.05). The group of PT children did not show additional serious complications. Excluded on discharge from the hospital were those PT children who presented periventricular leukomalacia, intraventricular hemorrhage higher than II, hydrocephalus, genetic malformations, chromosomal syndromes, metabolic syndromes associated with intellectual disability (such as phenylketonuria, galactosemia, or homocystinuria), cerebral palsy or severe motor impairments (as diagnosed up until 9 months of age; no children were excluded between the time of hospital discharge and the following assessment), sensorial impairments, or Apgar scores lower than 6 at 5 min.

Data were collected by trained researchers who visited the children’s homes on three occasions within a 6-year interval. The first wave of data collection was carried out when the children were four years of age, and they were assessed on two EFs (working memory and inhibitory control). The second wave took place when the children were five years of age. They were assessed on RAN, language (morphosyntactic production, comprehension of syntactic structures and vocabulary comprehension), and PA (syllabic awareness and phonemic awareness). The third wave took place at nine years of age, and the children were assessed on RAs (letter name, word reading, pseudoword reading, and text comprehension). At this time, the PT sample consisted of 108 children, and the FT sample of 34 children. Both groups were similar in terms of distribution by gender (χ2 (1) = 0.036, p > 0.05) and mother’s education (χ2 (2) = 1.78 p > 0.05). The distribution of the children by GA groups (as shown in Table 1) was as follows: 23.9% between 26 and 31 weeks (very and extremely preterm children), 23.2% between 32 and 33 weeks (moderately preterm children), 28.9% between 34 and 36 weeks (late preterm children), and 23.9% above 36 weeks. The formation of the PT children’s groups was conditioned by the number of children available. We tried to have groups with a similar number of participants.


TABLE 1. Descriptive statistics and differences in executive functions, language abilities, phonological awareness, and reading abilities as regards gestational age.

[image: Table 1]Out of a total of 200 children initially recruited, 142 participated in the present study. The reduction from the original number in the sample was due to experimental drop out. There was no substantial change in the characteristics of the sample, which remain very similar. For instance, the distribution of the children by GA groups in the initial sample was as follows: 24.5% between 26 and 31 weeks, 18.5% between 32 and 33 weeks (moderately preterm children), 32.5% between 34 and 36 weeks (late preterm children), and 24.5% above 36 weeks. The PT and FT groups of the initial sample also had a balanced distribution according to gender and mother’s education (χ2(1) = 0.000, p = ≥ 0.05, and χ2(2) = 8.66, p > 0.05, respectively). The mean Apgar scores of the initial sample and those of the sample used in this study were very similar (EPT and VPT: 6.90 and 7.24, respectively; MPT: 8.38 and 8.27, respectively; LPT: 8.31 and 8.20, respectively; and FT: 8.08 and 8.18, respectively).



Measures


Demographics

Mothers of the children completed an interview that included socio-demographic information of the family, information on pregnancy, Apgar scores, feeding and health habits, educational level of the parents, etc.



Executive Functions

The Spanish version of Childhood Executive Functioning Inventory (CHEXI, Thorell and Nyberg, 2008) was used to assess working memory and inhibitory control in daily life in children between 4 and 12 years old. CHEXI is completed by children’s parents and it includes 24-items, 5-point Likert-type format (1 = absolutely uncertain, 5 = very true). Parents rate how much each assertion is a true description of the behavior of the child (e.g., “Cuando se le pide que haga varias cosas, sólo recuerda la primera o la última”: When the child is asked to do several things, he/she only remembers the first or the last). Higher scores indicate greater difficulty in working memory and inhibitory control, and lower scores indicate fewer difficulties in working memory and inhibitory control.

The Rapid Automatized Naming (RAN) subtest of the Spanish version of Clinical Evaluation of Language Fundamentals (CELF-4, Semel et al., 2006) was used to assess naming speed (sustained attention and inhibitory control, and fast processing) in persons between 5 and 21 years of age. Children are asked to name rapidly a set of colors (e.g., “rojo”: red), a set of shapes (e.g., “cuadrado”: square) and a set of combining shapes and colors (e.g., “triángulo azul”: blue triangle) that are each presented in a 6 × 6 matrix. Scores for accuracy in naming (RAN-err) were calculated in the matrix of combining shapes and colors, counting the number of errors committed by the child. The number of errors the child committed evidences the degree to which he/she can sustain self-monitoring (accuracy).



Language Abilities

The production subscale of the Test de Sintaxis de Aguado (TSA, Aguado, 1999) was used to assess the morphosyntactic production in children between 3 and 7 years of age. It consists of 29 items. The first twenty-five items contain two figures each. In each item, the researcher says two sentences (e.g., “La chica mira los perros”: The girl looks at the dogs; “la chica mira al perro”: the girl looks at the dog), one after the other, without pointing to any picture. Immediately after speaking, the researcher points to one of the images and he/she waits for the child to repeat the match sentence. Then, the other image is pointed to, so that the child repeats the other sentence. The last four items are items of grammatical closure. The production score is obtained by considering the participant’s use of articles, adverbs, prepositions, passive sentences, negations, reflexive sentences, relative clauses, etc. The child receives one point for each correct sentence given.

The Comprensión de Estructuras Gramaticales (CEG, Mendoza et al., 2005) was used to assess the comprehension of syntactic structure in children between 4 and 11 years of age. It consists of 80 sheets that include four pictures each. In each item, the researcher pronounces a sentence (e.g., “El niño que mira a la niña está comiendo”: The boy who looks at the girl is eating) and the child points to the image that matches the target sentence. The other three images act as (lexical or grammatical) distractors. The total number of correct answers was used for the analysis.

The Peabody Test de Vocabulario en Imágenes (PPVT-III, Dunn et al., 2006) was used to assess vocabulary comprehension in people between 2.5 and 90 years of age. It comprises 192 sheets arranged in order of increasing difficulty. Each sheet includes four pictures. In each item, the researcher pronounces a word (e.g., “vaca”: cow) and the child is required to point to the image that best matches that word. The total score is obtained by subtracting the number of errors from the ceiling item.



Phonological Awareness

The phonological awareness scale of Del Lenguaje Oral al Escrito-Evaluación (LOLEVA, Peralbo et al., 2015) was used to assess syllabic and phonemic awareness in children between 3 and 8 years of age. It comprises thirteen tasks: rhyme recognition, initial syllable identification, final syllable identification, initial syllable addition, final syllable addition, initial syllable omission, final syllable omission, initial phoneme identification, final phoneme identification, initial phoneme addition, final phoneme addition, initial phoneme omission and final phoneme omission. Each task includes instructions and two examples that are presented in audiovisual format, except for the omission and addition items. All subscales consist of five items, with the exception of the rhyme recognition subtest, which contain ten. The child receives one point for each correct answer given (out of a possible 70 points).



Reading Abilities

The Batería de evaluación de los procesos lectores, revisada (PROLEC-R, Cuetos et al., 2007) was used to assess reading capacity. This test can be used with children between 6 and 12 years of age. It consists of nine tasks: identification of letters, same–different, word reading, pseudoword reading, grammatical structures, punctuation, sentence comprehension, text comprehension and listening. In the present study, only the scores of the subscales of identification of letters, word reading, pseudoword reading and text comprehension were used. The identification of letter task consists of a list of 20 letters (e.g., “g”); the word reading task consists of a list of 40 words that vary in length, frequency of use, and the complexity of their syllabic structure (e.g., “peine”: comb); the pseudoword reading task consists of a list of 40 invented words (e.g., “pueña”). In these three tasks, the researcher points to the item (letter, word or, pseudoword) and the child reads it out loud. In each task, the child receives a precision score, measured as the sum of the correct answers, and a speed score, measured as the time taken to complete the task. A combined score (efficiency) is calculated by dividing the precision score by the speed score and multiplying the result by 100. The efficiency score was used for the analyses in this study.

Last, the text comprehension task consists of two narrative and two expositive texts. For each text, the children have to respond to four written questions, 16 total responses (e.g., “¿Para qué sacó varias monedas de la hucha?”: Why did she take a few coins out of the piggybank?). The child receives one point for each correct answer given.

In all cases raw scores were used for the analyses, not percentile or scalar scores.



Data Analysis

Firstly, a set of ANOVAs were carried out in order to analyze differences in EFs, language, PA, and reading abilities as regards GA. Partial eta square was used as the estimator of the magnitude of differences between groups. Secondly, zero-order correlations were computed aimed at the examination of inter-relationships among all the study variables. Finally, the effect of EFs, language and PA on reading, as well as the mediating role of PA in the relation between EFs and language on reading, was examined by means of path analysis, which permits the simultaneous modeling of several related regression relationships. Path analysis was selected because it allows for the examination of more complex models including the analysis of the relationships with a set of observed dependent variables as well as mediation effects. The effect of gender and gestational age was controlled. The model was estimated by the Maximum likelihood (ML) method and the following goodness of fit indexes were used for the assessment of the model fit: comparative fit index (CFI), Tucker-Lewis index (TLI), root-mean-square error of approximation (RMSEA), and standardized root mean squared residual (SRMR). According to Hu and Bentler (1999) suggestions, RMSEA and SRMR values lower or equal to 0.06, and TLI and CFI values of 0.95 or higher were considered indicators of excellent model fit. Given that the variables in the model were directly observed and all direct and indirect effects were freely estimated however, the simple mediation path model would be just-identified leading to a perfect model fit. Descriptive analysis and zero-order correlations were conducted on IBM SPSS Statistics 24, whereas path analysis was carried out in MPLUS 7.4 (Muthén and Muthén, 2011).



RESULTS


Descriptive Statistics and Differences Between PT and FT Children

Descriptive information and differences on EFs, language, PA, and reading abilities as regards GA are presented in Table 1. In order to delve into the specificities of the development of children born prematurely, preterm children were categorized into three different groups according to their weeks of gestation (i.e., < 32 weeks, 32-33 weeks, and 34-36 weeks), whereas the full-term children correspond to the gestation group of more than 36 weeks. The formation of the PT children’s groups was conditioned by the number of children available. We tried to have groups with a similar number of participants. The results showed significant differences between GA groups on inhibitory control and syntactic structure comprehension. The Tukey’s HDS post hoc test evidenced higher scores (which indicate unfavorable performance) in inhibitory control in children born with 34-36 weeks of gestation than those born at 32-33 weeks, as well as higher scores (which indicate favorable results) in syntactic structure comprehension of full-term children as compared with children born at 34-36 weeks. Even then, the results of the ANOVAs revealed a lack of significant differences between preterm and full-term children in the remaining variables, including EFs, language, PA, and reading.



Zero-Order Correlations Between EFs, Language, PA, and Reading

Zero-order correlations between all the variables of study are presented in Table 2. The corresponding findings indicated a significant positive relation of working memory with inhibitory control. We also found significant negative associations of working memory with morphosyntactic production, syntactic structure comprehension, text comprehension, and letter names, as well as between inhibitory control and syntactic structure comprehension, and pseudoword reading. These results mean that the lower the working memory and the inhibitory control problems, the higher the language and reading scores, and viceversa. A significant negative association was also found between RAN and morphosyntactic production, RAN and vocabulary comprehension, and RAN with phonemic awareness. On the other hand, the results showed significant positive associations of morphosyntactic production with syntactic structure comprehension, syllabic awareness, phonemic awareness, and letter names; significant correlations of syntactic structure comprehension with vocabulary comprehension and PA, both syllabic and phonemic awareness; significant inter-relations of syllabic awareness with phonemic awareness and word reading; and highly significant associations among letter names, word reading and pseudoword reading.


TABLE 2. Zero-order correlations between executive functions, language abilities, phonological awareness, and reading abilities.
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Path Analysis Model Including the Relationships Between EFs, Language, PA, and Reading

In order to assess both the effect of EFs, language and PA on reading in a longitudinal study, as well as the mediating role of PA on the relationship between EFs and language with reading, a mediating path analysis model was implemented, controlling for the effect of gender and GA (Figure 1). Given the lack of differences found between preterm and full-term children in most of the variables, the whole sample was included in the analysis. The path analysis model evidenced a perfect model fit (CFI = 1.00, TLI = 1.00, RMSEA = 0.00, SRMR = 0.00), because the model was just-identified. The results indicated significant positive direct effects of working memory on syllabic and phonemic awareness as well as significant negative direct effects on text comprehension and letter names. At the same time, inhibitory control showed a significant negative effect on syllabic awareness whereas the latter significantly positively predicted the ability of word reading. Likewise, significant direct effects were found as regards morphosyntactic production on syllabic awareness and syntactic structure comprehension on text comprehension, in a positive and negative way, respectively.


[image: image]

FIGURE 1. Path analysis model including the relationships between executive functions, language abilities, phonological awareness, and reading abilities. Note. Significant standardized regression coefficients of direct effects between variables are displayed in the path analysis model. ∗ < 0.05, ∗∗ < 0.01, ∗∗∗ < 0.001.




Indirect Effects of PA on the Relationship Between EFs and Language on Reading

The potential mediating effect of PA, both syllabic and phonemic, on the relationship between EFs and language on reading was also analyzed as part of the path analysis model. The bootstrapping results showed only a single significant indirect effect of syllabic awareness on the relationship between working memory and word reading ability (β = 0.18, p < 0.05, 95% CI = 0.058, 0.315).



DISCUSSION

In relation to the first hypothesis, the results of the ANOVAs analyses confirm, in general terms, our predictions (see Table 1). No significant differences were observed between any of the GA groups in reading abilities analyzed: text comprehension, names of the letters, word reading and pseudoword reading. Partial eta squared values indicate that the magnitude of the differences between the groups was really low. Therefore our results do not agree with previous studies carried out with EPT or VPT children in decoding abilities (Anderson et al., 2003; Johnson et al., 2012, 2016; Taylor et al., 2016; Alanko et al., 2017; Guarini et al., 2019), in reading comprehension (Lee et al., 2011) or in decoding abilities and reading comprehension (Pritchard et al., 2009, 2014; Johnson et al., 2011; Kovachy et al., 2015; Leijon et al., 2016, 2018). It is important to note that the evaluation of reading was done at 9 years of age, and at this age children are supposed to be relatively fluent readers. The differences found with other studies might be related to the age at which reading was assessed. However, the fact that Spanish is a transparent orthography could also affect the results found in our study and might explain, in part, the differences found with other studies which were mostly carried out with non-transparent orthographies. In addition, the fact that the measure we used in certain subtests of the PROLEC-R was efficiency, a mixture of accuracy and time, might also be responsible for the differences found with other studies. In any case, we feel that the main factor which most probably explains the differences found between our results and those of other studies is the low risk characteristic of our sample.

In relation to the second hypothesis, no significant difference was found between the GA groups regarding vocabulary comprehension and morphosyntactic production. The only significant difference (p < 0.05) in language was found in grammar structure understanding, with a partial eta squared value of 0.08, which indicates a relatively low magnitude of the differences between the groups. The Tukey’s HDS post hoc test indicated that the full-term group had higher scores in syntactic structure comprehension than LPT children born at 34-36 weeks. It is important to note that no significant difference was found between the group of GA < 32 weeks (VPT and EPT) and the full-term group, which evidences that GA was not the factor which could explain this result. Therefore, the results obtained in language reinforce the idea that low risk preterm children progress in language in a way similar to that of TD children (Pérez-Pereira et al., 2014; Pérez-Pereira and Cruz, 2018), contrasting with the results for VPT and EPT children (Barre et al., 2011).

With regards to EFs, no significant difference was found between the GA groups in working memory or RAN. The difference found in inhibitory control (p < 0.05) also had an eta squared value of 0.07, which indicates a low effect. Furthermore, we need to consider that the Tukey’s HDS post hoc indicates that the difference in inhibitory control was due to the difference between the group of children born with 34-36 weeks of gestation (LPT) and those born at 32-33 weeks (MPT). Again, GA does not seem to be the main cause of this difference. These results contrast with those obtained by other studies carried out with VPT and EPT children (Alanko et al., 2017; Leijon et al., 2018; van Houdt et al., 2019), which showed clear deficits in relation to FT children in several EFs; these results support those found by Pérez-Pereira et al. (2019) with healthy PT children.

There were no significant differences between the four GA groups in any of the PA tests: syllabic awareness and phonemic awareness, in disagreement with the results obtained in other studies carried out with VPT and EPT children (Alanko et al., 2017; Leijon et al., 2018).

To summarize, this study confirms the second hypothesis given that almost no significant differences were found in the independent variables studied among the GA groups. In the two cases where differences were found, GA does not seem to be the cause of the differences.

Finally, the third hypothesis was partially confirmed, since PA and working memory were found to have a strong effect on reading, but, contrary to expectations, RAN was not. In addition, morphosyntactic production had an indirect effect on word reading through syllabic awareness. The path analysis model had a perfect model fit (CFI = 1.00, TLI = 1.00, RMSEA = 0.00, SRMR = 0.00), and was just-identified. The model clearly points out the direct effect that working memory has on text comprehension, syllabic and phonemic awareness and letter names. Therefore, working memory directly affects reading abilities, as other studies have indicated (Rose et al., 2011), reinforcing what has been found with TD children (Smith-Spark et al., 2003; Soriano and Miranda, 2010; Menghini et al., 2011; López-Escribano et al., 2013; Wang and Gathercole, 2013). At the same time working memory had an effect on PA, which, in turn, affected reading. Paradoxically, the direction of the association between working memory and phonological awareness was positive in this case. We would have expected a negative relationship, as in the case of the association between working memory and reading abilities, because lower scores in working memory indicate more favorable results (fewer problems).

The other EFs measured, inhibitory control, also showed a significant effect on syllabic awareness (fewer problems in inhibitory control are associated with better syllabic awareness, and viceversa) whereas the latter significantly positively predicted the ability of word reading. Therefore, a kind of cascade effect was observed, in such a way that EFs affected PA (syllabic awareness), which, in turn affected word reading.

There was a direct effect of syntactic structure comprehension on text comprehension, coinciding with the results found in other studies carried out with PT children (Guarini et al., 2010; Guarini and Sansavini, 2012). Therefore, the ability to understand sentences, which is highly correlated with working memory, logically affects text comprehension, thus confirming that certain linguistic abilities predict reading comprehension in TD (Muter et al., 2004; Swanson et al., 2008; Lervag and Aukrust, 2010; Kieffer, 2012; Durand et al., 2013) and VPT children (Guarini et al., 2010; Guarini and Sansavini, 2012; Borchers et al., 2019). Contrary to expectations, the association between syntactic comprehension and text comprehension was negative. The only explanation we find is that it is a statistical artifact effect, which may also have affected the (positive) association between working memory and phonological awareness. A strong negative association (−0.27, p < 0.001) was found between syntactic comprehension and working memory in the zero-order correlations (which is logical since low scores in working memory indicate favorable performance). Paradoxically, the relationship of working memory and syntactic comprehension with text comprehension is negative in the path analysis, when a positive relationship between syntactic comprehension and text comprehension is what one would expect.

The fact that working memory and grammar comprehension are involved in text comprehension is congruent with the dual model of language processing (Ullman, 2001). According to this dual model, syntax, which is rule governed, and EFs are rooted in the same cerebral areas and depend on procedural memory processing mechanisms, as opposed to item-based vocabulary learning which depends on declarative memory processing. No significant effect of vocabulary comprehension on reading comprehension was found. At the same time, text comprehension and reading ability in general are based in part on the learning of grapheme-phoneme correspondence rules and, therefore, depend on procedural model mechanisms.

Morphosyntactic production also affected syllabic awareness. Syllabic awareness, which was highly correlated with phonemic awareness in Zero-order correlations, had a significant mediating effect on word reading.

The mediating effect of PA on the relationship between EFs and language on reading was also analyzed through the path analysis model. The results showed a single significant indirect effect of syllabic awareness on the relationship between working memory and word reading ability. Therefore, working memory seems to have a relevant influence on reading abilities, not only directly but also indirectly through the presence of other factors such as PA.

In general terms, the model is compatible with the third hypothesis, and evidences the effects that working memory, rule governed language (syntax understanding and morphosyntactic production) and PA have on reading (text comprehension, word reading and letter names). However, the effect of RAN was not confirmed. This result is compatible with Arnell et al. (2009) conclusion that working memory encoding underlies part of the relationship between RAN and reading ability; it is also compatible with the suggestion that the relevance of RAN for reading ability has been overstated (Swanson et al., 2003). However, we cannot rule out the explanation that the absence of the effect of RAN on reading ability is related to the measures taken in this study. On one hand, the RAN task used in this study is different from that used in other studies such as Clayton et al. (2019). The accuracy score offered by the task is based on the number of errors (Semel et al., 2006), and we did not take into account the time. On the other hand, the measure we have used in word reading, pseudoword reading and name of letters is not a measure of speed (which would be more sensitive to the effect of speed of processing) but of efficiency. It is quite possible that if time (or a combination of time and accuracy) measures for RAN and speed measures for word reading pseudoword reading and name of letters were taken, the effect of RAM on these decoding abilities would exist.



CONCLUSION

Low-risk premature children have no deficiencies in reading ability when compared to FT children, nor do they have them in the predictive factors identified in previous research with VPT or EPT children: oral language, executive functions, phonological awareness.

The path analysis model demonstrates the direct effect of working memory, certain linguistic skills governed by rules (grammar, morphology) and phonological awareness on reading ability. The model also shows the mediating role that PA has on the relationship between EFs and language abilities with reading abilities.

One limitation of the present study is the use of parent report instruments for the assessment of inhibitory control and working memory instead of using experimental tasks.

Probably the type of measures used for certain variables has affected the results found. Future research should explore whether the use of other measures that take more account of time affects the results.
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Inner speech (IS), or the act of silently talking to yourself, occurs in humans regardless of their cultural and linguistic background, suggesting its key role in human cognition. The absence of overt articulation leads to methodological challenges to studying IS and its effects on cognitive processing. Investigating IS in children is particularly problematic due to cognitive demands of the behavioral tasks and age restrictions for collecting neurophysiological data [e.g., functional magnetic resonance imaging (fMRI) or electromyography (EMG)]; thus, the developmental aspects of IS remain poorly understood despite the long history of adult research. Studying developmental aspects of IS could shed light on the variability in types and amount of IS in adults. In addition, problems in mastering IS might account for neuropsychological deficits observed in children with neurodevelopmental conditions. For example, deviance in IS development might influence these children’s general cognitive processing, including social cognition, executive functioning, and related social–emotional functioning. The aim of the present paper is to look at IS from a developmental perspective, exploring its theory and identifying experimental paradigms appropriate for preschool and early school-aged children in Anglophone and Russian literature. We choose these two languages because the original work carried out by Vygotsky on IS was published in Russian, and Russian scientists have continued to publish on this topic since his death. Since the 1960s, much of the experimental work in this area has been published in Anglophone journals. We discuss different measurements of IS phenomena, their informativeness about subtypes of IS, and their potential for studying atypical language development. Implications for assessing and stimulating IS in clinical populations are discussed.
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INNER SPEECH FROM A DEVELOPMENTAL PERSPECTIVE

“There is no doubt that specifically human cognition is completely intertwined with speech.”

Galperin (1957)

“Inner speech” (IS) was a term originally coined by the Russian psychologist Lev Vygotsky to capture the process by which the private speech (PS) of young children, talking to themselves out loud during play, starts accompanying their activity in a variety of cognitive tasks (Vygotsky, 1934). IS results from gradual internalization of overt speech in children, comprising three stages in Vygotsky’s original model (1934, 1986). In our paradigm, we split the final stage into two (Figure 1).
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FIGURE 1. Schematic representation of stages of IS development.


Stage I occurs during early language acquisition when children master the fundamentals of an external dialogue (ED). It focuses on connecting with others – on communication and regulation of one another’s behavior.

Around the age of 3–4 years, as children’s linguistic experience increases, they enter Stage II and start talking to themselves (Winsler et al., 2000). This phenomenon is known as PS, when the child attempts to imitate an adult talking to them, thereby regulating their behavior. At this stage, the main function of PS is self-regulation or self-guidance (Berk and Garvin, 1984): children “whisper” to themselves planning their next step or commenting on their current activity. A distinguishing feature of PS compared to ED is the absence of an interlocutor, which allows simplifying compositional and syntactic conventions required in a dialogue with an interlocutor. However, the linguistic aspects of PS remain unexplored and require further study. ED and PS also share similarities: they represent overt speech and involve conscious control, focusing on the current, planned, or sometimes recalled event. Despite variability in the amount of PS observed in children, it is universally used across languages (Vygotsky, 1934; Berk and Garvin, 1984; Winsler et al., 2000, 2003; Al-Namlah et al., 2006).

The flexibility in using speech covertly develops after the age of 6–7 years (Vygotsky, 1934), when children fully internalize their thoughts during various cognitive tasks, such as silent remembering, reading, and writing. In Vygotsky’s model, this occurs during Stage III, suggesting the full mastery of IS. Following this paradigm, the studies on IS have explored a wide variety of phenomena involving covert self-talk, ranging from silent reading and mental arithmetic (i.e., so-called “speech minus sound”; Müller, 1864) to unconscious “thinking in a language.” Alderson-Day and Fernyhough (2015) have recently introduced the terms “expanded” and “condensed” IS to differentiate between these typologically distinct phenomena. We adopt their approach throughout the paper: Stage III represents the development of expanded, and Stage IV, condensed IS.

Expanded IS often occurs during linguistic tasks, such as silent reading and writing, or mental rehearsal of a dialogue. This type of IS shares similarities with PS, as both activities are task-driven and conscious. The latter makes it possible to easily recall the content of the recent PS/expanded IS event. Since PS and expanded IS are task-driven, they focus on current or planned activity, representing top–down processes. Finally, both PS and expanded IS involve linguistically well-formed, grammatical utterances. Adults often use expanded IS and PS interchangeably, switching from covert to overt speech, depending on the situational context. Interestingly, based on experience sampling questionnaires, adults are estimated to engage in expanded IS approximately 20% of the time (e.g., Heavey and Hurlburt, 2008), suggesting that this form of IS coexists with condensed IS during cognitive processing.

Condensed IS represents the final stage of speech internalization. It is a fluid, spontaneous, and unconscious process, during which an utterance is often reduced to a single grammatical form (Vygotsky, 1934; Galperin, 1957; Sokolov, 1967) associated with the current experience. This type of covert speech intertwines with human thinking, occurring spontaneously and unconsciously. It resembles a bottom–up perception of sensory input, most of which is processed automatically through implicit/unconscious neural mechanisms. The attentional account of multisensory processing claims that integrating information coming from different modalities is dependent on both top–down and bottom–up processes and that our mental representations of the surrounding environment are shaped by internal cognitive processes and the sensory input (Talsma, 2015). The dual nature of IS – its interplay between top–down and bottom–up processing – suggests its possible role in integrating multisensory information into internally consistent mental representations. Recent neuroscientific evidence supports this: the neuroanatomic substrates engaged in multisensory processing, such as parts of the parietal [angular gyrus – Brodmann area (BA) 39] and temporal cortex (BA 20, BA 37, BA 38), are also involved in language functioning (Seghier, 2013; Ardila et al., 2016).

Children not only internalize but also contract or abbreviate their IS over time. The more familiar and automatic the cognitive process/task becomes, the more abbreviated (and thus more condensed) is the accompanying IS (Galperin, 1957). The complexity of cognitive tasks also contributes to the IS involvement in adults and children (Sokolov, 1967; Fatzer and Roebers, 2012). In more cognitively demanding tasks, articulatory suppression has a detrimental effect on performance because it debilitates IS. This evidence supports the integrative role of IS in multisensory processing. It also explains why children, who have less cognitive resources and control than adults, prefer less abbreviated PS and expanded IS, particularly during novel cognitively demanding tasks.



IS EFFECTS ON COGNITIVE FUNCTIONING AND COGNITIVE DEVELOPMENT

Alderson-Day and Fernyhough (2015) have summarized findings on the role of IS during cognitive processing, highlighting its effects on executive functions, including short-term memory (Williams et al., 2012) planning (Al-Namlah et al., 2006; Lidstone et al., 2010), control of behavior (Cragg and Nation, 2010; see also DeGraaf and Schlinger, 2012), inhibition, and cognitive flexibility (Fatzer and Roebers, 2012). IS also supports Theory of Mind (Fernyhough and Meins, 2009), communicative and social interactions, self-awareness, self-monitoring, motivation, and creativity (Brinthaupt et al., 2009; Barkley, 2012; Alderson-Day and Fernyhough, 2015).

Additional evidence on the interactive relationship between cognitive processing and IS comes from clinical populations. For example, adults with aphasia (Feinberg et al., 1986; Geva, 2010; Farrar et al., 2009; Geva et al., 2011b; Langland-Hassan et al., 2015) do not rely on IS during cognitive tasks to the same extent as their unimpaired peers. However, the interplay between IS and verbal skills in adult clinical populations is unclear: some patients with aphasia demonstrate better preserved IS abilities compared to their overt speech, and others show the opposite pattern (Farrar et al., 2009; Geva et al., 2011a). The multifaceted nature of covert speech suggests that the dissociation between IS and overt speech in these individuals arises from different types of deficits. It might be the case that a patient with aphasia is suffering from only condensed IS deficits or that both expanded and condensed IS are impaired. The distinction between different subtypes of IS phenomena may therefore help account for heterogeneity in neurocognitive profiles and behavioral phenomenology observed in typical and clinical populations. It is also possible, of course, that measurement issues, which are key to the assessment of IS may be especially salient when it comes to atypical populations.

Interactions between language development, cognitive development, and behavioral problems have been reported for children with atypical language profiles – related to developmental language disorder (DLD), hearing loss, and autism (e.g., Jamieson, 1995; Wallace et al., 2009; Lidstone et al., 2012; Vissers et al., 2018). Communication with these children can be challenging, leading to insufficient input and language practice and subsequent social isolation. This contributes to delays in Theory of Mind (ToM) Development, executive deficits, and related social–emotional disorders (Vissers et al., 2015; Vissers et al., 2016). Consistent with this assumption are studies showing that deaf children of deaf parents who communicate in sign language from birth and hence have less difficulty constructing adequate social dialogues appear to follow undisrupted development of sign language internalization and self-regulation (Vissers et al., 2018). For instance, Hall et al. (2017), working with deaf parents of deaf children, who had exposed their child to a natural sign language from birth, asked them to complete the parent-report Behavior Rating Inventory of Executive Function (BRIEF) about their children and found that the children, on average, received age-appropriate scores on all of the executive function domains assessed by the BRIEF (inhibitory control, flexibility, emotional control, initiate, working memory, plan/organize, organization of materials, and monitor). Similarly, deaf and hard-of-hearing children raised by deaf compared to hearing mothers demonstrate more mature PS (i.e., self-directed covert signing) and its more frequent use (Jamieson, 1995). Based on questionnaire data, more private signing and increased positive/motivational PS is also observed in congenitally deaf adults (Zimmermann and Brugger, 2013), raising questions about typological differences in IS across spoken and sign languages.

Delay or deviance in IS development has been reported for 7- to 10-year-old children with DLD (Lidstone et al., 2012). Although at this age, children with DLD have shown normal effects of articulatory suppression on a Tower of London task, overall, their PS was less internalized compared to controls, indicating a delay in their IS development reflecting that in their external expressive and receptive language. These deficits possibly account for the poorer performance of the DLD group on the Tower of London task despite similar non-verbal IQ scores across groups.

Studying speech internalization in children with atypical language development (i.e., the status of their PS, expanded IS, and condensed IS) could contribute to tailored assessment and intervention. For example, a recent intervention study has demonstrated that self-regulatory speech training, which is analogous to PS stimulation, can improve planning and problem-solving performance in children with DLD (Abdul Aziz et al., 2016), suggesting environmental origins of IS and direct implications for future clinical practice.

To summarize, it appears that IS optimizes cognitive performance in adults and accounts for cognitive deficits in children with DLD, hearing loss, and autism, although it is difficult to anticipate the detail of qualitatively different manifestations of IS across clinical populations. Impaired overt speech (“communication with others”) leads to disruptions in PS and IS throughout the speech internalization process, but more evidence is needed to explore the fine-grained differences in the IS profiles across clinical populations.



DIRECT AND INDIRECT MEASUREMENTS OF IS

Researchers have long investigated IS directly and indirectly using behavioral (Emerson and Miyake, 2003; Miyake et al., 2004; Holland and Low, 2010; Lidstone et al., 2010; Fatzer and Roebers, 2012; also see for review Alderson-Day and Fernyhough, 2015) and cognitive experiments (Morin and Michaud, 2007; Geva et al., 2011b; Tian and Poeppel, 2012).

Behavioral experiments rely on encouraging IS in participants and explore the quality and quantity of IS across individuals. They involve verbal reporting on recent IS experiences as they spontaneously occur in daily life. These paradigms encompass classical questionnaires or experience sampling (McCarthy-Jones and Fernyhough, 2011; Morin et al., 2011; Alderson-Day and Fernyhough, 2015; Hurlburt and Heavey, 2015). While questionnaires force participants to endorse pre-existing IS content, sampling methods require reporting specific aspects of inner experiences at random – as a reaction to an external signal, e.g., a beep. Importantly, the studies demonstrate a lot of variability in the amount and the quality of IS reported by participants (Ren et al., 2016). However, this may be due to the participants’ reflection abilities rather than to individual variability in the amount of covert speech. Questionnaires and experience sampling methods involve direct reports on IS experiences, and both methods likely tap into expanded IS because they require reporting consciously memorized events.

Alternative indirect behavioral methods come from the cognitive literature and include protocol analysis and the “silent dog” paradigm (Hayes et al., 1998; Alvero and Austin, 2006; Arntzen et al., 2009). Both methods involve training the participants to verbalize their thoughts when performing a non-verbal task and explore whether the resulting self-talk helps in controlling their behavior. The advantage of these paradigms is that they control for variability in the amount of reported IS experiences compared to questionnaires and experience sampling. However, the ecological validity of this approach for exploring condensed IS and for differentiating between PS and expanded IS remains unclear: the participants are aware that others observe and record their self-talk, and thus, their verbalizations are likely to be fully grammatical and intelligible utterances compared to the truncated sentences typical for IS.

Cognitive methods include dual-task paradigms (Coltheart and Langdon, 1998; Emerson and Miyake, 2003; Miyake et al., 2004; Wallace et al., 2009; Holland and Low, 2010; Lidstone et al., 2010; Fatzer and Roebers, 2012), involving suppression of covert speech when the participant is performing another cognitive task (such as logical reasoning) or blocking covert speech by presenting items at a fast rate. These paradigms assume that blocking articulation impedes linguistic processing in general, including IS. Negative effects of articulatory suppression on task performance suggest that participants cannot rely on IS to optimize their cognitive processing. One limitation of this paradigm is its indirect nature: participants perform two unfamiliar cognitive tasks, which increases the cognitive load. Thus, any increase in reaction time, or decrease in accuracy, may be due to cognitive difficulty performing a dual task. This approach also cannot separate the effects of expanded vs. condensed IS on task performance.

A second cognitive method is a dual-task paradigm involving a linguistic task, such as silent rhyming, which requires subvocalization (Levine et al., 1982; Feinberg et al., 1986; Geva et al., 2011a, b; Langland-Hassan et al., 2015). Since this type of task involves focused activity, it is likely to measure predominantly expanded IS and does not tap into the spontaneous and fluid unconscious phenomenon of condensed IS. Similar to questionnaires, dual-task paradigms with linguistic tasks cannot explore the role of IS in cognitive processing directly and are particularly vulnerable to linguistic constraints especially when the child’s language development is immature or disordered.

The neural substrates governing IS can be investigated with neurophysiological measurements. The neurophysiological signatures of overt vs. covert naming have been explored in positron emission tomography (PET) studies. For example, the participants saw written words and pictures of objects in the scanner and were instructed to read the words and name the objects covertly and overtly (e.g., Bookheimer et al., 1995). Overt naming of objects produced very similar patterns of neural activation to covert naming of objects, except for regions associated with motor activity. Generally, studies comparing overt and covert speech have found somewhat mixed results, suggesting that overt speech cannot be conceptualized as covert speech plus motor and auditory cortex activation (inter alia Huang et al., 2001; Shuster and Lemieux, 2005). Until now, overt and covert speech have not been compared in the same study or under the same experimental conditions, limiting the generalizability of these findings.

Recent fMRI studies investigated IS in healthy adult participants, requiring them to silently complete sentences (Friedman et al., 1998; Sherrgill et al., 2001). Similarly, Bullmore et al. (2000) presented single words on a screen, asking the participants to covertly articulate their semantic judgment on the animacy of the stimulus, i.e., whether the word indicated a living or non-living object. Activation was found for the ventral extrastriate and prefrontal cortices governing word recognition and semantic processing, and for the prefrontal cortex and Broca’s area related to (subvocal) planning and articulation. Similarly, activation in the inferior parietal lobule, precuneus, and temporal gyrus presumably represents monitoring of Broca’s area output. This method, therefore, has the potential for disentangling the neural correlates of expanded and condensed IS (see Jones, 2009).

An alternative neurophysiological method for studying IS is electromyography (EMG), which can be used for measuring activation/tenseness of articulatory organs (Sokolov, 1967). In a series of experiments using a dual-task paradigm with adults and children, Sokolov has demonstrated that tenseness of articulatory organs increases when performing cognitively demanding and unfamiliar tasks, supporting the idea that IS optimizes cognitive processing. More recent EMG studies confirm that IS is accompanied by activity in the orofacial musculature (Loevenbruck et al., 2018). For example, Livesay et al. (1996) reported an increase in EMG activity during silent recitation compared to rest but no increase during a non-linguistic visualization task. Nalborczyk et al. (2017) reported an increase in labial EMG activity during rumination (having negative thoughts during IS) compared with relaxation. To summarize, the EMG paradigm combining behavioral and neurophysiological methods is another alternative for exploring expanded and condensed IS, using an ecologically valid experimental design.



CONCLUSION

Inner speech serves as a valuable concept that has withstood the test of time since it was first articulated by Vygotsky and his colleagues. The covert nature of IS makes it challenging to study, and particularly to disentangle typologically distinct phenomena, such as expanded and condensed IS. Behavioral, cognitive, and neurophysiological paradigms have made progress exploring covert speech in adults, but few of them could be used with children, including preschoolers and those from atypical populations. This suggests that we need to use a modified combination of the existing paradigms in order to study IS from developmental perspective. For example, instead of fMRI, one could use more child-friendly electroencephalography (EEG) in combination with EMG to measure neurophysiological activity during cognitive and linguistic tasks.

The area that has the most potential for future research is the study of IS in children with neurodevelopmental disorders, because in such conditions, children often experience deficits in expressive and receptive language skills in combination with self-regulation and Theory of Mind problems (both clearly associated with IS). At present, it is impossible to formulate specific hypotheses about the likely manifestations of IS deficits across clinical conditions, such as DLD, autism, and hearing loss. For example, it is unknown to what extent children with different developmental deficits rely on expanded and condensed IS during cognitive processing, and we know little about the role their specific speech and language deficits play in their IS profiles. For example, is IS level a function of individual variability or is it driven by expressive or receptive language levels or other aspects of cognition, and how sensitive are these differences to the features of specific disorders, for example, Theory of Mind deficits in autism or phonological deficits in DLD? Studying the development and functions of overt speech in these children is important from both theoretical and clinical perspectives. For example, stimulating IS development during intervention might enhance the cognitive and linguistic efficacy of the program. These findings are also important for fundamental research. The comparison of IS in typical and atypical development has the potential to inform our understanding of this uniquely human phenomenon.
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Although the relationship between developmental dyslexia (DD) and the risk of occurrence of internalizing symptomatology has been widely investigated in the extant literature, different findings have been reported. In this study, two experiments with two general purposes are presented. The first study investigates whether the differences in the severity of internalizing symptoms between DD and controls are greater in students attending secondary school than in those attending primary school. Sixty-five DD and 169 controls attending primary and secondary school took part in the first study. The diagnosis of dyslexia was obtained from standardized reading tests; internalizing symptom severity was assessed with the Self Administrated Psychiatric Scales for Children and Adolescents questionnaire. The results showed that adolescents with dyslexia had an increased level of self-perceived anxiety, depression and somatic symptoms, whereas no significant differences between DD and controls emerged in childhood. In the second study, a cohort of adolescents attending secondary school (DD = 44; controls = 51) was closely analyzed to clarify whether contextual and subjective factors could contribute toward exacerbating the risk of internalizing symptomatology at that age. Internalizing symptom severity was assessed with the Child Behavior Checklist, Youth Self Report questionnaire, decision-making factors were measured with the Melbourne Decision Making Questionnaire, and student’s quality of life was gaged using the Clipper test. The results showed that high levels of internalizing symptoms in DD were associated with a low level of self-esteem and the tendency to react to problematic situations with hyperactivation. By contrast, positive relationships with peers were associated with low symptom severity. In conclusion, the intensified internalizing symptoms that could emerge in adolescents in association with the presence of dyslexia are predicted by social protective and risk factors that are associated with symptom severity. Accordingly, the results suggest that remediation programs for dyslexia should include implementing motivation strategies, self-esteem enhancement activities and building peers networks that, starting in childhood, can prevent the appearance of internalizing symptoms.
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INTRODUCTION

Developmental dyslexia (DD) is defined as a specific difficulty in fluency and accuracy of the grapheme-phoneme transcoding process (Lyon et al., 2003), despite normal intelligence, appropriate education and adequate socio-economic status. Out of all the learning disorders, DD is the most frequent (ICD-11, World Health Organization, 2018), affecting 3–17% of the school-age population (Vellutino et al., 2004).

A growing number of studies have confirmed the role of DD as a risk factor for high levels of internalizing symptomatology in children and adolescents (Biederman et al., 1991; Cantwell and Baker, 1991; Faraone et al., 1993; Beitchman and Young, 1997; Bäcker and Neuhäuser, 2002; see Mugnaini et al., 2009 for a review). However, some studies reported no significant differences in emotional symptomatology between DD and controls (Jorm et al., 1986; Lamm and Epstein, 1992; Newcomer et al., 1995; Miller et al., 2005; Maag and Reid, 2006).

From an empirically derived perspective of child behavior classification, anxiety, depression, social withdrawal and somatic complaints are conceptualized as internalizing problems (Achenbach and Edelbrock, 1978). With regard to anxiety symptoms, children with DD show a higher rate of separation anxiety and generalized and social anxiety compared to controls (Carroll et al., 2005; Goldston et al., 2007; Mammarella et al., 2014). High rates of school-related stress and anxiety were found in samples of secondary school children (Geisthardt and Munsch, 1996; Wenz-Gross and Siperstein, 1998) and high-school adolescents (Goldston et al., 2007). Specifically, in a meta-analysis of studies concerning school-age subjects with learning disabilities, In details, the association between DD and anxiety disorders is not due to familial influences or environmental risks (Willcutt and Pennington, 2000). Nelson and Harwood (2011) found that approximately 70% of children with DD reported high levels of anxiety symptoms. However, the same meta-analysis pointed out that there was high heterogeneity in terms of magnitude and direction of the effects reported in the included studies.

A similar pattern was found in relation to depressive symptomatology studies. Mammarella et al. (2014) investigated a sample of 8–16-years-old in a clinical setting, and Maughan et al. (2003) conducted a longitudinal study of boys aged 7 and 10 years. Both studies found robust links between severe, persistent reading problems and an increased risk of depressed mood. In contrast, Carroll et al. (2005) found that literacy difficulties were not significantly associated with diagnosable levels of depression in a sample of subjects aged 5 to 15 years old, but were associated with self-reports of depressed mood measured at 11–15-years old. In particular, the authors found significant gender and age effect: only 11-15-years-old male participants with literacy difficulties showed increased levels of depressed mood in a self-report questionnaire.

The association between learning disorders and somatic symptoms has been investigated in few studies (Willcutt and Pennington, 2000; Undheim, 2003; Arnold et al., 2005). These studies reported higher levels of somatic symptoms in DD participants compared to controls. More specifically, headache and stomach ache were frequently associated with DD. Willcutt and Pennington (2000) hypothesized that somatic symptoms could be considered a reaction to high levels of academic distress perceived by DD participants.

Some authors have suggested that the inconsistent results in the extant literature could be explained by the fact that risk factors were not sufficiently considered and controlled for. Although many studies have aimed to investigate the role of risk factors in deepening internalizing symptoms associated with DD, the majority were focused on clinical aspects. Mugnaini et al. (2009), reviewing previous studies, emphasized that the severity of dyslexia, the heterogeneity of symptoms, the comorbidity with other disorders (e.g. ADHD) and late diagnosis are major risk factors for the emotional suffering of children with dyslexia.

The lack of significant differences between DD and controls could also be attributed to the age of the samples included in the various studies. In line with this, a review conducted by Avenevoli et al. (2008) concerning community samples, indicated that the prevalence estimate of depression in children (approx. 7–12 years) is lower than in adolescents (approx. 13–18 years). Moreover, other authors found an increase in emotional symptomatology with increasing age in participants with learning disorders (Raskind et al., 1999; Wilson et al., 2009; Klassen et al., 2011).

The adolescence, coupled with contextual and environmental factors associated with the school learning environment, could be deemed to be a risk factor associated with the deepening of internalizing symptoms. Environmental changes are crucial in the transition from primary to secondary school since during this period the student goes from childhood to adolescence. In secondary school, teachers and rules are stricter, academic demands are higher, and social relationships change: relationships with adults become more formal and relationships with peers become more challenging. It is well known that different somatic and clinical manifestations have different ages of onset and progression (Angold et al., 2002; Silverman and Field, 2011; Kessler et al., 2012). The cause why internalization symptoms in DD are higher than usual during adolescence is still not fully understood (Angold et al., 2002; Silverman and Field, 2011). Surprisingly, only a few studies focused on the relationship between transitioning from primary to secondary school and warning signs of emotional suffering in children and adolescents with dyslexia. A longitudinal study conducted by Ackerman et al. (2007) on a sample of low economic status children found that teachers reported a specific association between reading problems and internalizing symptoms in 5th grade but not in 3rd grade students. This finding indicates that reading problems have an impact on the child’s emotional wellbeing only around the fifth grade, in the beginning of adolescence. Furthermore, the emotional distress associated with DD seems to continue in adulthood (Orth et al., 2008; Wilson et al., 2009; Klassen et al., 2011). A recent meta-analysis conducted on 15 studies examined the association between internalizing problems and learning disabilities in adulthood. The results showed a negligible change in the magnitude of internalizing problems in adults with DD, in comparison with children and adolescents (Klassen et al., 2011). Nevertheless, the authors suggested that the enduring nature of the learning disability could continue to influence individual psychological functioning after the end of formal schooling.

Although there is a generalized interest in DD policies and remediation programs in developed countries, it has been reported that emotional distress experienced by students with learning disorders frequently goes untreated (Bender and Wall, 1994; Sabornie, 1994; Rock et al., 1997; Sako, 2016). This lack of attention to emotional disturbances in learning disabilities, together with a lack of motivation and low self-esteem of individuals with reading difficulties, could constitute further risk factors for the development of internalizing symptoms during adolescence. It is thus crucial to understand whether different levels in self-reported psychological factors (i.e. self-esteem, perceived quality of life, social support and decision-making strategies), as well as general cognitive resources, could have an impact on internalizing symptoms in DD during adolescence. In the present study, we describe two experiments that investigated the main risk factors for the development of internalizing symptoms in dyslexia.



EXPERIMENT 1

In the first experiment, we investigated whether the educational stage (primary versus secondary school) contributes to exacerbating the internalizing symptomatology in DD as compared to controls. The evaluation setting (clinical vs. school) was considered as a possible explanatory variable of the differences. We hypothesized that in young people with DD, the emotional changes that accompany the transition from primary to secondary school could constitute a contextual risk factor for mood disorders, anxiety or somatization. A detailed analysis of internalizing symptom severity was carried out using the SAFA questionnaire (Self Administrated Psychiatric Scales for Children and Adolescents questionnaire; Cianchetti and Sannio Fancello, 2001), which is a validated self-reporting scale that measures a wide range of anxiety, depression and somatic related symptoms by different subscales. Moreover, using normative data, it was possible to identify cases above the clinical cut-off point. It is interesting to note that several studies indicate that the levels of internalizing symptoms emerging from self-report questionnaires tend to be higher than those that emerge when parents have to identify the presence of emotional symptoms in their children (Bird et al., 1992; Stanger and Lewis, 1993; Epkins, 1996). It is therefore suggested that self-reporting measures could be used as an initial screening tool for the identification of emotional symptoms. For this reason, we based our analysis on self-reporting measures only.


Methods


Participants

The sample was composed of 234 subjects (127 male, 207 female) aged between 8 and 16 years. The control group (C) was composed of 169 students (90 males and 79 females, mean age = 11.17, SD = 1.4), while 65 students belonged to the Developmental Dyslexia (DD) group (37 males and 28 females, mean age = 11.37, SD = 1.50). Eighty subjects attended primary school (8–11 years old; mean age = 9.64, SD = 0.93) and 154 attended secondary school (11-16 years old; mean age = 12.05, SD = 0.86) (see Table 1). Data were collected in part during a screening project for learning disabilities (N = 184) in three primary and two secondary schools located in Italy (Istituto Comprensivo di Mercato Saraceno, Istituto Comprensivo di Sarsina, Italy), and in part (N = 50) during the first day of diagnostic evaluation at the clinical service provided by the Child and Adolescence Neuropsychiatry Unit at Bufalini Hospital, Cesena, Italy. Forty-four of the DD students were evaluated after the school screening project (i.e. a screening evaluation for identifying subjects having reading disabilities), and 21 of the DD students were collected at the Neuropsychiatry Unit of the hospital. All the children in the sample were of Italian origin.


TABLE 1. Descriptive statistics of the sample of experiment 1.

[image: Table 1]The inclusion and exclusion criteria adopted were those recommended by Consensus Conference on Specific Learning Disorders promoted by the Italian National Institute of Health (Lorusso et al., 2014) for diagnosis of developmental dyslexia. The inclusion criteria were based on standardized reading test (DDE-2; Sartori et al., 2007), specifically, accuracy and/or speed z-score below two standard deviations from the normative score in at least at one of the two reading tests (subtest 2 or 3, for the detailed description, see the “Instruments” section) were used as indicator of diagnosis of dyslexia. Table 1 reports the descriptive statistics of general intelligence and reading test scores for the controls and DD group. The exclusion criteria were: IQ cut-off lower than 70 presence of referred sensory disability, presence of attention deficit or hyperactivity disorder (ADHD) based on the DSM-5 recommendations (American Psychiatric Association, 2013). Informed consent was appropriately obtained from the parents of all participants.



Instruments

Reading level was assessed using subtests 2 and 3 from the Battery for the Evaluation of Developmental Dyslexia and Dysorthography (Sartori et al., 2007), an Italian standardized and validated test battery for the diagnosis of dyslexia. During the reading tasks, the subjects were required to read aloud, as quickly and accurately as possible, four lists of 28 words either with high or low frequency (4 to 8 letters long) and three lists of 16 non-words (5 to 9 letters long). The accuracy (number of errors) and speed (syllables/seconds) were evaluated for each subtest. Raw scores were converted into z-scores, according to standardized reference data; normative data are available separately for each grade from second to eighth grade.

The Colored version of the Raven Progressive Matrices was administered to evaluate the general intelligence of the children up to 11 years (CPM – Raven, 1994), while the Standard version of the Raven Progressive Matrices (SPM – Raven, 2008) was adopted for the students over 12. Raven’s CPM and SPM are common measures of basic cognitive functioning, quantifying a child’s ability to form perceptual relations and to reason by analogy, independent of verbal abilities and formal schooling. The CPM matrices comprise 36 items divided into three sets of 12 items (A, Ab and B), while SPM is composed of 60 items divided into five sets of 12 (A, B, C, D, E). The items are ordered by increasing difficulty. Each item is presented as a colored or black and white pattern with a missing portion, together with six or eight options for filling in the missing element. Some items test the ability to complete a continuing pattern, while others require the perception of the parts of the whole pattern as one gestalt on the basis of spatial relations. Finally, some items require analogical reasoning. Raw scores were converted to standard scores, according to Italian standard reference data.

The SAFA (Self Administrated Psychiatric Scales for Children and Adolescents; Cianchetti and Sannio Fancello, 2001), an Italian validated questionnaire, was used to assess clinical and subclinical internalizing symptomatology. SAFA is a self-reporting questionnaire for investigating the specific components of anxious, depressive and somatic symptoms. Many Italian studies have used these scales to assess different symptomatology associated with disorders like Tourette Syndrome, eating disorders or learning disabilities (Franzoni et al., 2009; Termine et al., 2011; Nacinovich et al., 2012; Pellicciari et al., 2012; Mammarella et al., 2014). The SAFA scales measure: Anxiety (SAFA-A), Depression (SAFA-D), Obsessive-Compulsive symptoms (SAFA-O), Psychogenic eating disorders (SAFA-P), Somatic Symptoms and Hypochondria (SAFA-S) and Phobias (SAFA-F). All of these scales were developed on the basis of DSM- IV criteria. In this study, we decided to use only the subscales for Anxiety (SAFA-A), Depression (SAFA-D) and Somatic symptoms/Hypochondria (SAFA-S), in line with previous findings in the literature. SAFA-A is composed of 42 items for children and 50 items for adolescents, and comprises the following subscales: Generalized Anxiety, meaning tension/uneasiness and apprehensiveness, preoccupation about the future; Social Anxiety, which investigates the characteristics of the avoidant disorder; Separation anxiety, which is related to separation in the literal sense, apprehension about loss and abandonment; and School-related Anxiety, which is specifically associated with worriedness about school life. SAFA-D is composed of 48 items for children and 56 for adolescents, and it comprises the following subscales: Depressed mood; Anhedonia and disinterest; Irritable Mood; sense of Inadequacy and low self-esteem; sense of Insecurity; sense of Guilt; and sense of Hopelessness. SAFA-S is composed of 20 items for children and 25 for adolescents, and comprises the following subscales: Somatic Symptoms, namely those related to the cardiac, gastrointestinal and respiratory systems, asthenia, sleep, general cenesthesis, and memory/concentration; and Hypochondria, which regards worriedness about illness. The subjects were asked to consider to what extent they agree with the content of each item, indicating whether the statement in question is “true,” “false” or “in between.” For SAFA-S, in which the items describe physical symptoms, the subjects had to indicate how often they experience those symptoms: “often,” “sometimes” or “never.” A scale is also provided to evaluate the subjects’ tendency for simulation. The SAFA questionnaire was validated on an Italian sample (895 children and adolescents aged 8 to 18 years), showing a high level of sensitivity, specifically for subclinical symptomatology. This aspect proved very useful for this study because, in the DD population, we expected to find subclinical symptomatology more frequently than clinical symptomatology. The raw scores of each scale and subscale were transformed into t-scores, using normative data. Whenever a t-score is equal to or higher than 70, it indicates a risk of clinical psychopathology (Cianchetti and Sannio Fancello, 2001).



Procedure

The students were individually assessed by an expert psychologist in two different sessions. In the first session, reading and cognitive performances were measured, while the second session evaluated internalizing symptoms (SAFA).




Statistical Analysis

First, a multivariate analysis of variance (MANOVA) was performed on Anxiety, Depression and Somatic Symptoms global scales, considered as dependent variables, using the Group (DD vs. C), the School Level (primary vs. secondary), the type of setting (school vs. clinical setting) as between-subject factors. To describe the differences between groups in the SAFA subscales, three MANOVA’s were performed separately (one for Anxiety, the second for Depression, and the last for the Somatic Symptoms subscales); the subscale scores were used as dependent variables, while the Group (DD vs. C), the School Level (primary vs. secondary), and type of setting (school vs. clinical setting) were adopted as between-subject factors. The MANOVA assumptions (multivariate normality, equal covariance matrices across groups, and uncorrelated model errors) have been carefully checked and met. The results are described in Supplementary Material. Subsequently, we compared the frequency of clinically relevant scores (t-score equal to or higher than 70) in the DD and C groups in primary and secondary school using Fisher’s exact test.



Results

The Multivariate Analysis of Variance showed that students with dyslexia had a higher level of anxiety [Group effect: F(1,226) = 5.67; p = 0.018; partial η2 = 0.024] and depression [F(1,226) = 5.14; p = 0.024; partial η2 = 0.022] as compared to controls (see Table 2), while no differences were found for somatic symptoms [F(1,226) = 1.69; p = 0.20; partial η2 = 0.01]. Depression and somatic symptoms were higher in secondary than in primary school [Depression: F(1,226) = 11.52; p = 0.001; partial η2 = 0.048; Somatic Symptoms: F(1,226) = 7.75; p = 0.006; partial η2 = 0.033]. Anxious symptoms were also higher in secondary school although not significantly [Anxiety: F(1,226) = 3.15; p = 0.077; partial η2 = 0.014]. As expected, we found higher scores in the clinical than in the school screening setting [Anxiety: F(1,226) = 10.54; p = 0.001; partial η2 = 0.045; Depression: F(1,226) = 6.45; p = 0.012; partial η2 = 0.028; Somatic Symptoms: F(1,226) = 4.82; p = 0.028; partial η2 = 0.021].


TABLE 2. Estimated marginal means (and standard errors_SE) of SAFA scales in Control (C) and Developmental Dyslexia (DD) group.

[image: Table 2]Furthermore, as described in Table 2, in the DD group, anxiety symptoms were higher in secondary school, while in the control group the symptomatology levels were lower [Group by School level interaction effect: F(1,226) = 5.98; p = 0.015; partial η2 = 0.026]. This interaction effect was not significant for depression [Group by School level interaction effect: F(1,226) = 0.88; p = 0.350; partial η2 = 0.004] nor for somatic symptoms [Group by School level interaction effect: F(1,226) = 1.21; p = 0.273; partial η2 = 0.005], which were higher in secondary school in a similarly way to the DD and controls.

Separate MANOVAs were performed for the anxiety, depression and somatic symptoms subscales, revealing that the DD group had a globally higher level of symptoms as compared to the controls for the majority of the subscales (see Supplementary Material for a detailed description of analyses on SAFA subscales).

We then estimated the frequency of cases with clinically relevant scores in each symptom scale when the subject’s t-score was above 70 (two standard deviations above the normative value). As depicted in Table 3, only the DD group attending secondary school exhibited a significantly higher percentage of cases with clinically relevant scores, as compared to controls, on anxiety (Fisher’s exact test; p < 0.01) and on depressive symptoms (Fisher’s exact test; p = 0.01). In primary school, no differences between groups were found on anxiety (Fisher’s exact test; p = 1.00). No subjects (both in C and in DD group) with relevant clinical scores of depression and somatic symptoms were found in primary school. Regarding somatic symptoms, the percentage of clinically relevant scores found in the two groups was not significantly different in secondary school (Fisher’s exact test; p = 1.0).


TABLE 3. Percentages of clinically relevant scores (t score above 70) of the SAFA scales in Control (C) and Developmental Dyslexia (DD) children.
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Discussion

In Experiment 1, we investigated the role of the educational stage (primary versus secondary school) in exacerbating the internalizing symptomatology in DD as compared to controls. We found higher levels of internalizing symptoms in secondary compared to primary school both in DD and in controls. This result is in line with numerous studies that described that the transition from primary to secondary school, which coincides with the beginning of adolescence, represents a particularly difficult period. This period requires the children to face a series of physical, social and relational challenges both in the school and in the family and in the social sphere which could create fertile ground for the emergence of emotional suffering. In this context, when learning difficulties are added to the adolescence challenges, the risk of developing anxious, depressive and somatic symptoms seems to increase significantly. Indeed, our findings proved that not only the DDs shown higher internalizing symptomatology levels than controls, but internalizing symptoms tend to worsen in secondary school more in DDs than in controls. The relationship between learning problems and internalizing symptoms in children and adolescents is not surprising given the primacy of school experiences in shaping the social, emotional, and mental health functioning of young people (Waters et al., 2010). Particularly relevant is the result of anxiety dimension. In the DD group, the anxiety levels resulted significantly higher in secondary than in primary school, whereas in the control group, the symptomatology is lower in secondary school. Anxiety, in particular, school-anxiety, has been found typically linked to the presence of specific learning disorders (Geisthardt and Munsch, 1996; Wenz-Gross and Siperstein, 1998; Goldston et al., 2007). According to the secondary reaction theory, anxiety develops as a result of learning difficulties (Nelson and Harwood, 2011): children, at an early age, learn the importance placed by academic success by their parents and teachers. Therefore, children who struggle to learn and master academic skills can develop an anxiety reaction in anticipation of a possible academic failure combined with the frustration of not meeting the expectations of their parents and teachers (Scott, 2003). At the same time, the feeling of anxiety can be the biggest obstacle to learning, especially for DD, preventing the adequate degree of concentration and clarity required by the study and contributing to avoidance academic work mechanisms (Cohen, 1986). In this context, anxiety can establish a vicious circle that continues to feed itself, creating increasingly important academic and emotional consequences. As our results highlighted, the percentage of DD cases with clinically relevant scores increases significantly in secondary school (especially as regard anxiety symptoms). Moreover, this result confirms that the presence of dyslexia, as claimed by numerous authors in the literature, is configured as a risk factor for emotional symptoms. It is therefore important to investigate the possible risk factors that explain the link between learning difficulties and worsening internalizing symptoms (Klassen et al., 2011).




EXPERIMENT 2

Following the main finding of Experiment 1 we investigated the role of risk factor for the deepening of internalizing symptomatology. However, as reported in the literature, specific learning difficulties may not be the only factor contributing to the development of internalizing problems in DD children. According to developmental health theories, environmental factors such as academic stressors associated with schooling interact with biological predispositions to negative affectivity, resulting in anxiety and depression in children and adults (Zahn-Waxler et al., 2000). Moreover, the presence of specific learning problems, contribute to creating a repeated academic failure cycle results in a feeling of frustration, inferiority and low self-efficacy (Klassen et al., 2011). Repetitions of emotionally stressful and maladaptive situations can contribute to the creation of psychological factors (i.e. self-esteem, perceived quality of life, social support and decision-making strategies) that could have an impact on internalizing symptoms in DD during adolescence.

On the basis of these considerations, further studies are required to investigate the risk factors for internalizing symptoms in adolescent populations with DD, paying particular attention to contextual factors that are associated with transitioning from primary to secondary school. Without specifically referring to the adolescent population, extant studies have found that internalizing symptoms associated with DD were generally related to psychological discomfort, low self-esteem (LaGreca and Stone, 1990; Riddick et al., 1999; Humphrey and Mullins, 2002; Terras et al., 2009), emotional and behavioral difficulties (Snowling et al., 2007), as well as lower academic self-esteem (Zeleke, 2004) and a lack of motivation (Rheinberg, 2006). Furthermore, some studies showed that maladaptive coping strategies often characterize DD responses to learning difficulties (Firth et al., 2013) and constitute potential risk factors for internalizing symptoms (Alexander-Passe, 2006). In the field of problem-solving conceptualization, the decision-making styles were considered as an expression of individual coping strategies (Çolakkadıoğlu and Deniz, 2015). In addition, recent literature has shown that internalizing symptoms could be related to low cognitive ability (Flouri et al., 2018).

Experiment 2 specifically focused on the adolescent population. More precisely, we investigated the role of specific contextual and subjective factors that, in interaction with DD, contribute to the increase or decrease of symptom severity. To the best of our knowledge, no previous study has examined the association between anxiety, depression and somatic symptoms with the contextual and subjective factors investigated in the present study (i.e. decision-making factors, general cognitive ability, and perceived quality of students’ life). We expected to find that the internalizing symptoms in DD are exacerbated by low self-esteem and poor social relationships, whereas individual cognitive factors such as motivation and general intelligence were expected to be protective factors.


Methods


Participants

Forty-four students with dyslexia (2 females, 42 males) and 51 age-matched controls (12 females, 39 males) attending an upper secondary technical school “IPSIA Comandini” participated in the study (mean age 14.9 years; SD = 0.89). Informed consent was appropriately obtained from the parents of all participants.

As fully described in experiment 1, the inclusion and exclusion criteria adopted were those recommended by Consensus Conference on Specific Learning Disorders promoted by the Italian National Institute of Health (Lorusso et al., 2014) for diagnosis of developmental dyslexia. Informed consent was appropriately obtained from the parents of all participants. Descriptive statistics of the sample of experiment 2 are reported in Table 4.


TABLE 4. Descriptive statistics of general intelligence (IQ) and reading test parameters (Z scores) in the experiment 2.

[image: Table 4]


Instruments

The reading and cognitive tests were the same as those described in Experiment 1.

Internalizing symptomatology was assessed by the Italian version of the Child Behavior Checklist, Youth Self Report version (CBCL_YSR/11-18 – Achenbach et al., 2001). The CBCL_YSR is a standardized questionnaire for the identification of emotional/behavioral problems and social competencies in children and adolescents. The CBCL_YSR is composed of 118 items. The subject is required to score each item according to a three-point Likert scale (0: not true; 1: somewhat or sometimes true; 2: very true or often true). Eight symptom scales were calculated as a sum of a group of specific items: Anxious/Depressed scale, Withdrawn/Depressed scale, Somatic Complaints scale, Social Problems scale, Thought Problems scale, Attention Problems scale, Rule-Breaking Behavior scale, and Aggressive Behavior scale. The internalizing symptomatology was evaluated considering the Anxious/Depressed scale (evaluating fear of school, fearfulness, crying, perfectionism, guilt, general worries, suicidal thoughts and/or attempted suicide), Withdrawn/Depressed scale (which measures loneliness, shyness, sadness, lack of energy, withdrawnness), Somatic Complaints scale (accounting for problems with sleep and different somatic symptoms). Moreover, the Total scale for Competence (as a sum of a scale concerning sport, employment and hobby activities, school competence scale and social competence scale) was applied as a measure of general social and school functioning. For all the scales, raw scores were transformed into T-scores according to standardized scores. Scores above 60 were used to indicate deviant behaviors as compared to normative scores for age and gender.

The Italian version of the Melbourne Decision Making Questionnaire (MDMQ; Nota and Soresi, 2000) was used to identify the subject’s decision-making style. Four decision-making styles are considered: 1. Avoidance of problems; 2. Procrastination in dealing with problems; 3. Vigilance, i.e. being alert to problems; and 4. Hypervigilance, namely an excessive sense of alertness toward school situations perceived as problematic.

The student’s quality of life was investigated using the Clipper test, an Italian validated test measuring the student’s life satisfaction (Soresi and Nota, 2003). Seven subscales were considered: 1. General satisfaction related to school experience; 2. Sense of autonomy, i.e. the sense of self-sufficiency in school activities; 3. Relationships with peers or satisfaction with peer support; 4. Current satisfaction in school experience; 5. Satisfaction in relationships with family and family support; 6. Perceived recognition of self-efficacy, mainly related to school activities; and 7. Perceived social support.



Procedure

The students were individually assessed by an expert psychologist in two different sessions. In the first session, reading and cognitive performances were measured, while in the second session internalizing symptoms (CBCL_YRS), Decision Making style (MDMQ) and the Student’s Quality of Life (Clipper) were evaluated.




Statistical Analysis

Four Generalized Linear Models were separately applied to evaluate the differences between DD and C groups on the different subscales calculated by the YSR version of CBCL self-report questionnaire: (1) Anxiety/Depression scale, (2) Depression/Withdraw, (3) Somatic symptoms, and (4) General competencies. The effect of Decision-Making factors (1. Avoidance of problems; 2. Procrastination in dealing with problems; 3. Vigilance; 4. Hypervigilance), Quality of life factors (1. General satisfaction related to school experience; 2. Sense of autonomy; 3. Relationships with peers; 4. Current satisfaction in school experience; 5. Satisfaction in relationships with family; 6. Perceived recognition of self-efficacy; and 7. Perceived social support) and general intelligence (Raven test scores) were taken into account. In each model, the different CBCL_YSR subscales were used as dependent variables, the Group (DD vs. C) was used as a subject factor, while Decision-Making factors, the Student’s Quality of Life factors and the general intelligence factor were the covariates. The Generalized Linear Model assumes that the dependent variable is linearly related to the factors and covariates via a specified link function. Moreover, the model allows for the dependent variable to have a non-normal distribution. The statistical assumption of the generalized linear model (statistical independence of observations, correct specification of link function) have been carefully checked and criteria were met.



Results

All four Generalized Linear Models returned significant levels (Anxiety: Likelihood Ratio Chi-Square = 43.6, p = 0.01; Depression: Likelihood Ratio Chi-Square = 55.7, p < 0.001; Somatic: Likelihood Ratio Chi-Square = 47.7, p < 0.001; Competencies: Likelihood Ratio Chi-Square = 51.6, p < 0.001), attesting to the fact that the factors considered were, when taken together, predictive for internalizing symptomatology.

The effect of dyslexia per se was not predictive for increased anxiety, depressive or somatic symptoms (see Table 5). Only when considering the presence of dyslexia in interaction with the tendency for hypervigilance, higher level of internalizing symptoms were found in DD as compared to controls [Anxiety/Depression: b(DD) = 43.2; b(C) = 35.9; Depression/Withdraw: b(DD) = 45.7; b(C) = 27.5; Somatic symptoms b(DD) = 51.3; b(C) = 38.7]. Depressive symptoms were higher in DD as compared to C when associated with the perception of negative relationships with peers [b(DD) = 45.0; b(C) = 27.1]. Somatic symptoms resulted higher in DD when linked with a low level of self-efficacy [Somatic b(DD) = 50.9; b(C) = 38.1].


TABLE 5. Effect of Dyslexia and interaction between dyslexia and Quality of life (QL) and Decision making (DM) and general cognitive factors on internalizing symptoms and competences evaluated by means of Generalized Linear Models.

[image: Table 5]Analysis regarding the Competence scale confirmed that the DD and C groups did not differ in competences but that DD subjects were more strongly affected by risk and protective factors than those in C. In DD general satisfaction increased the sense of competencies more than in C [b(DD) = 8.7; b(C) = 7.1]. Negative relationships with peers [b(DD) = 9.0 b(C) = 6.9], affected DD competency levels more than for the controls. The effect of vigilance in interaction with dyslexia was almost significant (p = 0.057), showing a higher effect of vigilance in DD’s sense of competencies as compared to the control [b(DD) = 8.6; b(C) = 6.9].

No effect of general intelligence in interaction with dyslexia was found for any of the scales (see Table 5).



Summary of Results of Experiment 1 and 2

The results can be summarized as follow:

In Experiment 1, we found higher levels of anxiety, depressive and somatic symptoms in the DD group compared to the controls. We found differences regarding the context of assessment: higher scores were obtained in the clinical setting compared to the screening setting.

The differences concerning anxiety were related to the dissimilarities between DD and C in the transition from the primary to the secondary school. In the DD group, anxiety levels were higher in the secondary rather than in primary school, whereas in the C group the anxious symptoms were lower in the secondary school. Higher levels of depressive and somatic symptoms in the secondary school were found both in DD and C groups; the DD group featured a greater increase compared to C, but the difference was not statistically significant.

Analysis of the frequencies of the clinically relevant score (i.e. the number of subjects whose score was above two standard deviations of the normative data) generated important findings. In the primary school, no DD featured clinical levels of depression symptoms and 5.3% had clinical levels of anxiety symptoms. In the secondary school, 23.9% of DD cases manifested clinical levels of anxiety symptoms and 15.2% had clinical levels of depression symptoms. Therefore, the transition from primary to secondary school in the DD cohort resulted in a percentage increase of 18.6% in cases of anxiety and 15.2% of depression.

In Experiment 2, the results on an upper secondary school cohort confirmed higher levels of anxiety, depression and somatic symptoms in DD compared to the C groups. However, the severity of internalizing symptoms did not depend on the dyslexia per se, but was instead related to dyslexia in connection with hypervigilance, lack of good peer relationships and low level of self-efficacy and self-esteem.




GENERAL DISCUSSION

The present study was designed to shed light on the role of contextual risk factors on increased internalizing symptoms in DD. The results add to the literature by finding that contextual and individual characteristics are important risks factors which worsen internalizing symptoms in DD. Specifically, while the results from the first experiment showed that internalizing symptoms associated to DD occur more frequently and are more severely during adolescence, those from the second experiment demonstrated that the worsening of the symptoms manifested in adolescence can be explained by a lack of sound peer relationships, low self-efficacy, low self-esteem and hypervigilance in school-settings.

Specifically, among all the internalizing symptoms considered in the present study, school anxiety in DD proved to be significantly higher in secondary school compared to primary school, while symptoms decreased in C. School anxiety is strictly connected with worries about dysfunctional contextual situations and relationships with others that occur in adolescence. It is not surprising that ongoing academic struggles lead to increased anxiety in academic settings. This, in turn, breeds generalized anxiety due to the frustration of not meeting one’s own and parents’ expectations (Scott, 2003). These findings can be better explained in the light of the results obtained in the second experiment.

Referring to a “conundrum of failure,” Tanner (2009) sought to highlight the importance of factors that impact on the self-perception and self-efficacy of DD from the first experience of school, through adolescence till adulthood. From this point of view, adolescence can be considered a key period in which the experienced school difficulties associated to DD could be resolved through adequate coping strategies or could be exacerbated by maladaptive coping strategies leading to internalizing symptoms (Firth et al., 2013). A well-designed study by Alexander-Passe (2006), describing the maladaptive and effective coping strategies in DD concerning academic self-esteem and depression, demonstrated the importance of considering these strategies as risk factors for negative consequences of DD.

In line with the above cited studies, the second experiment confirmed that in DD the significantly higher levels of anxiety symptoms in secondary school are related to a generalized worries, low self-esteem, low self-efficacy and hyperactivation in facing problems. These maladaptive coping strategies could, in turn, be exacerbated by higher academic demands coupled with the need to develop new ways of relating to others. In fact, whilst academic settings are more structured and more evaluation/outcome-focused compared to primary school settings, adolescents need to develop more flexible social skills in order to adapt to new types of relationships with peers and adults. The contrasting need for structure, on the one hand, flexibility on the other and the maladaptive coping strategies mentioned above might create a state of anxiety which arguably fuel a vicious cycle. The DD adolescents showed higher internalizing scores compared with C adolescents, but it is important to acknowledge that the presence of DD per se does not increase the risk of clinical psychopathology. In this respect, our results showed that peer relationships could be considered as a protective factor contributing to emotional wellbeing, despite learning disability.

The reported results should also be interpreted in light of the limitations of our study. A first limitation concerns the sample characteristics in Experiment 2, i.e. the school was a technical institute in which the vast majority of students are males. Thus, the results from the second experiment should be interpreted as referring to the male DD population. In light of the findings reported by Alexander-Passe (2006), who demonstrated the effect of the differences of male and female DD coping strategies, further studies are needed to investigate whether the results from the present study could be generalized to the female adolescent DD population. Another limitation concerns the age range of the sample, which is limited to early adolescence. Subsequent research should investigate older children in order to further assess the development of symptomatology.

In conclusion, our findings indicate that DD internalizing symptoms associated with hypervigilance, low self- esteem and low self-efficacy in adolescents with DD should be promptly recognized and treated. There is an urgent need for the development of effective interventions to address emotional wellbeing and to reduce the development of maladaptive coping strategies and distorted self-perceptions. Addressing this would arguably prevent the emergence of severe internalizing symptoms (McNulty, 2003; Singer, 2007; Westwood, 2008; Firth et al., 2013). Furthermore, as suggested by our results, particular attention should be paid to those protective factors that could prevent the development of severe anxious, depressive and somatic symptoms. Therefore, interventions should include activities and strategies aimed at increasing the motivation and self-esteem of adolescents with dyslexia and facilitating the construction of effective peer relationships. Further longitudinal studies are also needed to find the most effective screening tools for detecting early signs of internalizing symptoms and associated risk/protective factors.
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Background: The literature has recognized premature birth as a risk factor for infant development and maternal anxiety. This study investigated the impact of the severity of birth weight, as well as of maternal anxiety at 3 months of infants’ corrected age, on infants’ outcomes during the 1st year postpartum. Moreover, it described the longitudinal trajectories of developmental outcomes, additionally exploring the impact of anxiety.

Methods: The study compared 147 mothers and their 147 newborns, differentiated in 25 Extremely Low Birth Weight (ELBW), 41 Very Low Birth Weight (VLBW), and 81 Full-Term (FT) infants. At 3, 9, and 12 months (corrected age in the case of preterm infants) the level of infants’ development was investigated according to the 5 quotients (Locomotor, Personal and Social, Hearing and Language, Eye-hand Co-ordination and Performance) of the Griffiths Mental Development Scales (GMDS-R). During the assessment of 3 months, mothers fulfilled Penn State Worry Questionnaire (PSWQ) to evaluate the presence of generalized anxiety.

Results: Among the 5 GMDS-R quotients, significant effect of severity of birth weight emerged only for Performance quotient: preterm infants (ELBW at 3 months; VLBW at 12 months) showed lower scores than FT ones. Moreover, this quotient decreased from 3 to 9 and to 12 months for VLBW and FT infants, while it was stable for ELBW ones. A significant interaction between severity of birth weight and maternal anxiety emerged for Hearing and Language and Locomotor quotients. In the first case, scores for ELBW infants, independently from maternal anxiety, decreased from 9 to 12 months. The same results emerged for VLBW infants, in the case of non-anxious mothers. Regarding Locomotor quotient, mean scores decreased from 3 to 9 and to 12 months for all groups in the case of non-anxious mothers. Conversely, when mothers were anxious, this decrease emerged only for VLBW infants. Lastly, ELBW, VLBW and FT showed difference in the growth and slope of the trajectories of different quotients.

Conclusion: The severity of birth weight for preterm infants, also in interaction with maternal anxiety, had significant and specific impact on different dimensions of infants’ development. Clinical implications of these results underline the need for individualized interventions.

Keywords: infant outcome, maternal anxiety, extremely low birth weight, very low birth weight, trajectories of development


INTRODUCTION

Prematurity is an unexpected and traumatic event during childbirth (Korja et al., 2012; Helle et al., 2016; Neri et al., 2017) and it represents a serious risk factor for child development, with possible sequelae and/or impairments in the brief and long term (Anderson, 2014; Jarjour, 2015; Rogers and Hintz, 2016; Vungarala and Rajeswari, 2018; Marchman et al., 2019).

A preterm birth also negatively influences the transition to parenthood (Rieves et al., 2016; Kerr et al., 2017), as parents, especially mothers, feel disoriented and frightened and might experience feelings of guilt, grief and recurrent worries about their baby’s survival and health (Mendelsohn, 2005; Korja et al., 2009, 2010; Shah et al., 2011; Lasiuk et al., 2013; Ionio et al., 2019; Pisoni et al., 2019).

According to an estimation by the World Health Organization, each year approximately 15 million babies are born prematurely, worldwide (Blencowe et al., 2012). In Italy, preterm birth occurs in most out of 4000 labors, with a rate of 7–8% (World Health Organization, 2012; Delnord et al., 2017; Granese et al., 2019).

Prematurity is globally defined as every childbirth which occurs before the 37 gestational weeks (World Health Organization, 2012); today, preterm infants represent a large and heterogeneous population according to their clinical conditions. Indeed, in the last decades, medical and technological advances have allowed the survival of babies who are ever smaller for gestational age and birth weight (World Health Organization, 2012; Lee et al., 2019). In particular, scientific literature actually distinguishes between “low-risk” preterm babies, with a birth weight between 1500 and 2500 grams (Low Birth Weight-LBW) and “high-risk” preterm infants, with birth weight less than 1500 grams (Very Low Birth Weight-VLBW), and specifically less than 1000 grams (Extremely Low Birth Weight-ELBW) (Lind et al., 2011; Biasini et al., 2012; Blencowe et al., 2012; Mariani et al., 2018).

The risk of sequelae, including neurodevelopmental delays, is inversely proportional to infant birth weight (Johnson, 2007; Lind et al., 2011; Biasini et al., 2012; Neri et al., 2017) and is significantly higher in populations of ELBW (Johnson et al., 2009; Rogers and Hintz, 2016) and VLBW (Murray et al., 2014), when compared to groups of full-term infants.

Recent studies and reviews on ELBW or VLBW sequelae report evidence regarding different developmental domains, such as: neurosensory (Marlow et al., 2005; Doyle et al., 2010), motor (Williams et al., 2010; Van Hus et al., 2014; Hughes et al., 2016), linguistic (Reidy et al., 2013; Guarini et al., 2016; Vandormael et al., 2019), personal-social (Montagna and Nosarti, 2016; Caldas et al., 2018), and cognitive (Bhutta et al., 2002; Kerr-Wilson et al., 2012; Sansavini et al., 2015; Stålnacke et al., 2019). However, previous research typically focused on specific and selected areas only, with very few studies considering multiple dimensions in unison (Duncan et al., 2012; Greene et al., 2013; Lobo et al., 2014), finding high prevalence of delays especially in cognitive, language and motor development.

Furthermore, most studies have often focused on one specific population (VLBW or ELBW), neglecting the comparison between the 2 groups. It is reasonable to speculate that ELBW and VLBW infants may show specific and somewhat different profiles concerning impairments, needs and resources, as we have already discovered in previous studies (Agostini et al., 2014; Neri et al., 2015, 2017). Specifically, we observed that preterm infants’ outcomes were worse in the group of ELBW when compared to VLBW and full-term ones. Furthermore, The latter groups showed similar performance in most of the domains investigated (Neri et al., 2017). If, on one hand, it is evident that preterm birth makes infants more vulnerable to a generalized delay in the development, on the other hand, the quality of preterm developmental outcomes may vary greatly, including both fragile and adaptive areas simultaneously. The focus on specific developmental dimensions, therefore, may provide important information for the impaired domains and potential resources in specific preterm populations.

In fact, due to the influence of multiple and heterogeneous variables, the trajectories of preterm infant development may show a wide range of variability from child to child.

Other than considering the role played by the biological and neurodevelopmental factors, we have to include environmental variables, which may interfere with/or positively influence preterm baby growth. For example, we can acknowledge the quality of the care provided by both the hospital environment and the staff, as well as the way in which the preterm baby’s parents react to the unexpected birth of their infant.

Indeed, many studies have, in the last years, focused on the investigation and description of emotional reactions and stress experienced by the mother after a premature childbirth. One of the most frequent consequences for maternal mental health is a heightened risk of experiencing different kinds of symptoms, such as traumatic stress symptomatology, depression, anxiety and acute stress disorder (Koutra et al., 2013; Rogers et al., 2013; Pace et al., 2016). In fact, preterm birth is a potential traumatic event for mothers, especially when the baby is VLBW or ELBW (Helle et al., 2018). Symptoms of depression and anxiety can also persist in parents (Pace et al., 2016) due to cumulative stress and daily challenges in learning the baby’s signals and how to reply to his/her needs sensitively.

Concerning the premature babies, the degree of severity of prematurity seems to be related to a high risk of maternal symptomatology. In fact, VLBW has been recognized as a relevant risk factor for preterm babies’ mothers, increasing the risk of being postnatally depressed from 4 to 18 times (Helle et al., 2015). Also, VLBW mothers showed a higher risk of developing acute stress disorder and high levels of posttraumatic stress symptoms (Helle et al., 2018).

Perinatal anxiety has been defined as anxiety experienced during the antenatal and/or postpartum period (first 12 months after birth) (Leach et al., 2017). Despite symptomatology being very common at this time, if untreated, maternal anxiety represents a risk factor for both the woman’s and the baby’s health (Kim et al., 2015). In particular, anxiety in the 1st months postpartum has been associated with infant difficulties in the development of social and communicative skills over the subsequent months of life (Assel et al., 2002; Reilly et al., 2006; Kingston et al., 2012; Kim et al., 2015) and, in some cases, these difficulties could persist 2 years after childbirth (Kim et al., 2015).

Postnatal anxiety, in association with the possible negative consequences of a preterm birth, may impact on the child development. Indeed, we may hypothesize that maternal anxiety is expected to be particularly intense in the first postpartum months, usually corresponding to the period of NICU stay. Some empirical evidence would support this; for example, Feeley et al. (2005) found that highly anxious mothers at 3 months were less sensitive during the interactions with their VLBW infants at 3 and 9 months. Zelkowitz et al. (2009) found that, during NICU stay, mothers with high anxiety at 3 months postpartum were then less sensitive in interaction with their preterm infants and were less supportive and responsive at 24 months postpartum. Also, Zelkowitz et al. (2011) reported that mothers’ postnatal anxiety during the baby’s hospitalization was a relevant predictor of poorer cognitive development and more internalizing symptoms in VLBW infants at 24 months; however, maternal anxiety was not an independent predictor of motor development at 24 months corrected age. In both studies, Zelkowitz et al. (2009, 2011) focused on maternal anxiety at 3 months postpartum using a measure for trait anxiety, instead of a measure of state anxiety. In fact, the authors stressed the fact that, while some state anxiety is expected in most of the parents of VLBW infants, a higher level would be expected in those parents with trait anxiety, with more possible implications for child development.

It is notable that a debate on the specificity and characterization of perinatal anxiety, with obvious implications on the tools to use for the assessment, has received a growing interest from the scientific literature in the last few years (Fairbrother et al., 2019). Based on the theoretical and clinical approach, some studies have demonstrated empirical findings to suggest that perinatal anxiety would be in part different from the anxiety that manifests in other periods of a person’s life.

This is the case, for example, with the studies on “pregnancy-specific anxiety” (Huizink et al., 2004, 2016), or on perinatal worries (Moran et al., 2015). The latter in particular have been recently investigated in a study by Goldfinger et al. (2019), aimed at describing the content of worries and assessing worry severity (using the Penn State Worry Questionnaire) and generalized anxiety. Results evidenced that some perinatal women with a pervasive and disturbing level of perinatal-themed worries could be underestimated due to a normal level of generalized anxiety.

To sum up, despite the evidence of the influence of postnatal anxiety on parent-infant-relationships and child outcomes, the literature still shows a lack in investigating this issue. Moreover, the above-mentioned studies on preterm birth and maternal anxiety did not compare different subpopulations of preterm infants. In a previous study (Neri et al., 2015), we analyzed the influence of maternal anxiety considering 3 samples based on the severity of prematurity: ELBW, VLBW and FT samples. Results showed that, even if anxiety was higher in ELBW mothers, they demonstrated discrete levels of sensitivity during the interaction with their babies, while FT mothers, when anxious, were less sensitive.



AIMS OF THE STUDY

The literature has developed knowledge and findings on macro areas of child development in the case of preterm infants, such as language, attention and motor skills. However, there still is a lack of investigation regarding specific developmental dimensions, considering the severity of prematurity and specific maternal symptoms, especially in a longitudinal perspective.

Based on this, we developed a longitudinal study considering 3 specific time points that represent significant steps (3, 9, and 12 months) for the progress of infant development during the 1st year of life. Three months represent an important step for the detection of the early skills of the baby (for example, infants start to use their hands more intentionally, to reach their mouths or objects). At 9 months, new skills are supposed to emerge, like crawling and joint attention. At the end of the 1st year of life (12 months), the infant’s autonomy may be observed by the development of deambulation and/or the occurrence of the first words.

The first aim of this study was to investigate the impact of severity of preterm birth on specific areas of infant development (Locomotor, Personal-Social, Hearing and Language, Eye-hand Co-Ordination, Performance), at 3, 9, and 12 months of age, corrected for preterm infants. We hypothesized that, according to a higher degree of severity of premature birth (that is the case of ELBW), infant development would be worse compared to VLBW and FT. According to previous literature, we supposed that in ELBW infants, but not in VLBW and FT ones, scores in all dimensions would significantly decrease across the 1st year.

Secondly, we investigated whether maternal anxiety, at 3 months of the infant’s corrected age, could influence infant development in the different dimensions considered. Specifically, we hypothesized lower quotient scores according to the presence of both low birth weight and maternal anxiety.

Thirdly, we aimed at giving a description, through growth trajectories, of the different areas of development in ELBW, VLBW and FT infants from 3 to 12 months, considering also the effect of maternal anxiety.



MATERIALS AND METHODS


Participants and Procedure

This study was part of a wider longitudinal research aimed to assess the course of infants’ development from 3 to 24 months postpartum.

All mothers were recruited according to the following exclusion criteria: presence of previous or present psychiatric illness, lack of fluency in Italian, presence of infants’ chromosomal abnormalities, cerebral palsy, malformations, fetopathy, severe complications (leukomalacia, hydrocoefalus, intraventricular hemorrhage of III–IV grades, retinopathy of prematurity, broncho-pulmonary dysplasia). In the case of twin birth, only the first-born one was included.

At the end of the recruitment, our sample included 147 mothers and their 147 newborns.

The Preterm (PT) group, recruited at Neonatal Intensive Care Unit (NICU) of Bufalini hospital (Cesena, Italy), was composed by 66 mothers and their 66 preterm infants (44.9% of the infants’ sample), with a birth weight under 1500 g and gestational age < 32 weeks. This group was differentiated in two groups: 41 mothers and their 41 babies with weight between 1000 and 1500 g and gestational age < 32 weeks (27.9% of the infants’ sample) constituted the VLBW group; 25 mothers and their 25 babies with weight under 1000 g and gestational age < 28 weeks (17% of the infants’ sample) constituted the ELBW group.

The Full Term (FT) group, recruited at the antenatal classes held in Cesena (Italy) during the third trimester of pregnancy, was composed by 81 mothers and their 81 full term healthy infants (55.1% of the infants’ sample), that had a birth weight > 2500 g and gestational age > 36 weeks.

All the assessments took place at “Anna Martini” University Laboratory (Department of Psychology, Bologna) at 3 months (T1), at 9 months (T2), and at 12 months postpartum (T3) (corrected age for preterm infants). During all the assessments, the level of infant development was evaluated by a trained psychologist according to the 5 quotients of the Griffiths Mental Development Scales (GMDS-R; Griffith, 1996).

At T1, all mothers, after providing their written informed consent, were asked to complete an ad hoc questionnaire regarding socio-demographic variables (age, education, marital status, parity) and infant information (birth weight, gestational age, gender, type of delivery, days of hospitalization). They were also asked to complete a self-report questionnaire aimed to assess the level of anxiety, while a trained psychologist assessed their infants’ development.

The Ethical Committee of the Department of Psychology (University of Bologna) approved the design of the study.



Measures

The Griffiths Mental Development Scales (GMDS-R-Griffith, 1996) is a well-recognized measure of infants’ mental and psychomotor development. The assessment focused on 5 specific areas of development: Locomotor (A) measures postural control, balance, as well as abilities ranging from standing to walking; Personal and Social (B) measures interpersonal skills in entering into a relationship, through observation and questions addressed to the parent; Hearing and Language (C) measures the ability to listen to sounds and to reproduce them through imitation; Eye-hand Co-ordination (D) measures visual-motor coordination, which is fundamental for the development of manipulative skills; Performance (E) measures skills in manipulation, speed of working and precision, as well as the ability to apply them in novel situations. GMDS-R provides a quotient for each area of development, and a General developmental Quotient (GQ), representing the mean score of the 5 quotients. The scores are standardized for an expected value of 100 with SD of 16 for all the subscales and 12 for the General Quotient. Infants that score below 84 are considered at risk of neurodevelopmental impairment. Many studies on GMDS-R reported their validity and reliability (Bowen et al., 1996; Griffith, 1996). In the Italian context, they are widely used in the clinical follow-up of the preterm infants (Agostini et al., 2014; Neri et al., 2015, 2017).

The presence of maternal anxiety was investigated by the Penn State Worry Questionnaire (PSWQ; Meyer et al., 1990). The PSWQ is a self-report questionnaire aimed at assessing generalized pathological worries, considering their frequency and their degree of excessiveness and uncontrollability. It was developed to evaluate the individual’s disposition or tendency to generally worry. This questionnaire, among others on anxiety during the perinatal period, has been chosen because its focus on worries may facilitate the identification, in our sample, of women with a higher tendency of being troubled or disturbed by perinatal-themed concerns.

The PSWQ is composed by 16 items, rated on a Likert scale between 1 (“Not at all typical of me”) to 5 (“Very typical of me”). Eleven items are positively worded (e.g., “Once I start to worry, I can’t stop”), while five items are negatively worded (e.g., “I never worry about anything”). The sum of all items provides a total score that ranges from 16 to 80, where the higher the value, the higher the levels of pathological worry. In the present study, we administered the Italian version of PSWQ that showed good internal consistency (0.85), suggesting a clinical cut-off score ≥ 57 to discriminate anxious from non-anxious subjects (Morani et al., 1999).



Statistical Analyses

Statistical analyses were carried out using the IBM SPSS statistical package version 25.0.

To verify the homogeneity among ELBW, VLBW and FT dyads regarding of socio-demographic and clinical variables, we performed Pearson’s Chi Square Test and Univariate Anova.

For the first and second purposes, Repeated Measures Manova were used to investigate the influence of specific factors (”Birth weight,” “Maternal Anxiety at T1,” and “Time of assessment”), and of their interactions, on the 5 quotients of GMDS-R continuous scores at T1, T2, and T3.

For the third purpose, growth curve analysis was used to describe trajectories of each GMDS-R quotients from T1 to T3 in ELBW, VLBW, and FT babies as a function of time and maternal anxiety at T1. With three repeated measures (i.e., T1, T2, and T3) of outcome variables, analyses were limited to linear and quadratic models (Field, 2014). Therefore, we assessed two alternative sets of growth curve models for each GMDS-R quotient: (1) a linear model with a random intercept and random slopes, which reflects linear change over time; (2) a quadratic model with a random intercept and random slopes, which reflects change that takes on a “U” or inverted “U” shape. These models were centered at the month during which the first data was collected (i.e., at T1) and, therefore, represented babies’ initial scores.

Modeling took place in two steps. Model 1 was fit as an unconditional growth model, where only the intercept, linear slope, and curved slope were specified in order to determine the trajectories of each GMDS-R quotients in ELBW, VLBW and FT babies irrespective of maternal anxiety at T1. Model fit was evaluated using the −2 log likelihood difference test (−2LL).

Model 2 was fit as a conditional growth model for exploring the effect of maternal anxiety at T1 on trajectories of each GMDS-R quotients in the three birth weight groups.

Significant results were considered when p-values were lower than 0.05.



RESULTS


Sociodemographic and Clinical Characteristics of the Participants

Preliminary analyses showed that the 3 birth weight groups of dyads were homogeneous in relation to all socio-demographic and clinical variables, except for parity (χ2(2) = 18.11; p < 0.0001), level of education (χ2(2) = 13.12; p < 0.0001), and anxiety (χ2(2) = 6.36; p = 0.042). In particular, FT mothers, compared to VLBW and ELBW ones, were primiparous, had graduated and were non-anxious in a higher percentage (Table 1).


TABLE 1. Dyads’ characteristics according to birth weight.

[image: Table 1]Moreover, results showed significant differences in type of delivery (χ2(2) = 36.19; p < 0.0001), twinning (χ2(2) = 28.60; p < 0.0001), gestational age (F(2,143) = 1066.80; p < 0.0001), days of hospitalization (F(2,143) = 325.30; p < 0.0001), and small gestational age (χ2(2) = 4.26; p. 039). Specifically, in FT mothers, cesarean section delivery and twinning were less frequent, compared to VLBW and ELBW mothers (Table 1). The differences that emerged, such as those concerning gestational age, days of hospitalization and small gestational age, were coherent with group belonging based on different birth weight. Because these variables were strictly linked to preterm status, they were not included in subsequent analyses. On the contrary, because “parity” and “level of education” were significantly associated with infants’ GMDS-R quotients, they were included in subsequent statistical analyses.



Birth Weight and Infants’ Quotients From 3 to 12 Months Postpartum

Table 2 summarizes GMDS quotients of ELBW, VLBW and FT infants at 3, 9, and 12 months.


TABLE 2. Griffiths Mental Development Scales infants’ quotients according to birth weight and time of assessment.

[image: Table 2]In line with the first aim, we explored the impact of birth weight, as well as of the interaction between birth weight and time of assessment, on infants’ GMDS-R quotients.

When the impact of birth weight was considered, results showed a significant effect on Performance quotient (F(2,130) = 6.413; p = 0.002): FT infants had significantly higher mean score than those observed in VLBW and ELBW infants (Bonferroni post hoc test p < 0.0001 and p = 0.002, respectively) (Table 2).

When the interaction between birth weight and time of assessment was considered, results showed significant differences both between and within the 3 birth groups of infants on Performance quotient (F(2,130) = 3.365; p = 0.038). Looking at the differences between groups, at T1, ELBW infants showed a significantly lower mean score than that reported by FT and VLBW infants (Bonferroni post hoc test p < 0.005 and p < 0.0001, respectively); while, at T3, VLBW infants showed a significantly lower mean score than that observed in FT infants (Bonferroni post hoc test p = 0.033). Looking at the differences within groups, mean scores of both FT and VLBW groups significantly decreased from T1 to T2 (Bonferroni post hoc test p < 0.005 and p < 0.0001, respectively) and from T1 to T3 (Bonferroni post hoc test p = 0.036 and p < 0.0001, respectively). No differences emerged in the ELBW group (Figure 1).
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FIGURE 1. Performance and Healing and Language quotients according to the interaction between birth weight and time of assessment. *p < 05; **p < 0.005. Continue line denotes within group comparison; dotted line between group comparison.


The interaction between birth weight and time of assessment also showed significant differences in the Hearing and Language quotient (F(2,130) = 5.052; p = 0.008): ELBW infants showed a significantly higher mean score at T2 than that observed at T3 (Bonferroni post hoc test p < 0.0001) (Figure 1).

No significant differences emerged for the other GMDS-R quotients (Table 2).

Table 3 presents rates of delay (< 1 DS) of ELBW, VLBW and FT infants at 3, 9, and 12 months.


TABLE 3. Prevalence of delay (< 1 DS) on the GMDS-R.

[image: Table 3]The majority of VLBW and FT infants did not show delays at T1, while a small percentage was observable at T2 and T3. Conversely, ELBW showed delays in all three assessments.

When specific quotients are observed, a low number of cases emerge in Hearing and Language scores, while a high rate emerges in Locomotor ones.



Birth Weight and Maternal Anxiety on Infants’ Quotients From 3 to 12 Months Postpartum

In line with the second aim, we investigated the interaction between birth weight, maternal anxiety and time of assessment on infants’ GMDS-R quotients. All results are shown in Table 4.


TABLE 4. Griffiths Mental Development Scales infants’ quotients according to the interaction between birth weight.

[image: Table 4]Regarding the interaction between birth weight and maternal anxiety, no significant differences emerged.

When the interaction among birth weight, maternal anxiety and time of assessment was considered, significant results emerged on Locomotor (F(2,130) = 3.274; p = 0.041) and Hearing and Language quotients (F(2,130) = 3.255; p = 0.042).

Regarding the Locomotor quotient, results showed significant differences both between and within the 3 birth groups of infants. First, in the case of non-anxious mothers, at T1 FT infants had significantly higher mean score than that reported by ELBW ones (Bonferroni post hoc test p = 0.022) (Figure 2A). Looking at the group differences, in the case of non-anxious mothers, the mean scores observed at T1 were significantly higher than those observed at T2 and at T3 in ELBW, VLBW and FT infants (Bonferroni post hoc test p < 0.0001, respectively) (Figure 2A). In the case of anxious mothers, this effect emerged only for VLBW infants: at T1 their mean score was significantly higher than those observed at T2 and at T3, respectively (Bonferroni post hoc test p < 0.005) (Figure 2B).
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FIGURE 2. Locomotor and Hearing and Language quotients according to the interaction between birth weight, maternal anxiety and tune of assessment. *p < 05; **p < 0.005. (A) Locomotor mean Quotients in Not Anxious group, (B) Locomotor mean Quotients in Anxious group, (C) Hearing and Language mean Quotients in Not Anxious group, (D) Hearing and Language mean Quotients in Not Anxious group. Continue line denotes within group comparison, dotted line between group comparison.


For the Hearing and Language quotient, results showed significant differences both between and within groups. First, at T2 FT infants had a significantly lower mean score than that reported by VLBW ones, though only in the case of non-anxious mothers (Bonferroni post hoc test p = 0.017). Considering the differences within groups, ELBW infants showed a mean score at T2 significantly higher than that reported at T3 in both cases of non-anxious and anxious mothers (Bonferroni post hoc test p = 0.026 and p = 0.006, respectively) (Figures 2C,D); moreover, at T2 VLBW infants had mean scores significantly higher than those reported at T1 and at T3 (Bonferroni post hoc test p = 0.043 and p < 0.0001, respectively), though only in the case of non-anxious mothers (Figure 2C).



Trajectories of GMDS’s Quotients in ELBW, VLBW, and FT Infants as a Function of Time and Maternal Anxiety

In line with the third aim, we explored the trajectories of each GMDS-R quotient in ELBW, VLBW and FT infants as a function of time (model 1) and maternal anxiety (model 2).


Locomotor Quotient (A)

In the model 1 (unconditional model), the −2 log likelihood model comparison tests indicated that the average trajectories in ELBW (χ2(1) = 10.72; p < 0.01), VLBW (χ2(1) = 24.18; p < 0.01) and FT infants (χ2(1) = 34.85; p < 0.01) were characterized by a significant negative linear slope, followed by a positive quadratic (curved) slope, indicating a U-shaped pattern (Figure 3).
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FIGURE 3. Griffiths Mental Development Scales quotient growth trajectories in ELBW. VLBW and FT infants. (A) Locomotor mean Quotients, (B) Ferscnal-Social mean Quotients, (C) Hearing and Language mean Quotients; (D) Eye-Hand Coordination mean Quotients; (E) Performance mean Quotients Continue line denotes ELBW group; dashed line VLBW group; dotted line FT group.


In the model 2 (conditional model), results showed that in the case of FT infants, maternal anxiety, even if it did not predict change of the intercept, showed a significant main effect on the linear slope: FT infants with non-anxious mothers had a significantly greater negative linear slope than those with anxious mothers. No significant effect emerged on the quadratic curve.

No significant change of the intercept, as well as of the linear and the quadratic slope emerged in the case of VLBW and ELBW infants.



Personal and Social Quotient (B)

Model 1 showed that, according to the −2 log likelihood model comparison tests, the average trajectories in ELBW (χ2(1) = 19.63; p < 0.01), VLBW (χ2(1) = 19.47; p < 0.01) and FT (χ2(1) = 52.77; p < 0.01) infants were characterized by a significant negative linear slope and a positive quadratic (curved) slope, indicating a U-shaped pattern (Figure 3).

In the Model 2, results showed no significant change of the intercept and of the linear and the quadratic slopes as a function of maternal anxiety.



Hearing and Language Quotient©

According to the −2 log likelihood model comparison tests, model 1 suggested that the average trajectories in ELBW (χ2(1) = 9.86; p < 0.01) and VLBW infants (χ2(1) = 15.19; p < 0.01) were characterized by a significant positive linear slope followed by a negative quadratic (curved) slope, indicating an inverted U-shaped pattern; while the trajectory of FT infants (χ2(1) = 0.33; p < 0.05) was characterized by a non-significant negative linear slope, indicating a linear pattern (Figure 3).

Model 2 showed that maternal anxiety did not predict change of the intercept, as well as of the linear and the quadratic slope.



Eye-Hand Co-ordination Quotient (D)

In the model 1, the −2 log likelihood model comparison tests suggested that the average trajectory in ELBW infants (χ2(1) = 10.67; p > 0.05) was best described by a significant negative linear slope, indicating a linear pattern, while those of VLBW (χ2(1) = 4.08; p < 0.05) and FT infants (χ2(1) = 9.43; p < 0.01) were characterized by a significant negative linear slope and a positive quadratic (curved) slope, indicating a U-shaped pattern (Figure 3).

Model 2 showed that maternal anxiety did not predict change of the intercept, as well as of the linear and the quadratic slope.



Performance Quotient (E)

Comparing the fit of the models with the −2 log likelihood model comparison tests, model 1 showed that the average trajectory in ELBW infants (χ2(1) = 0.01; p > 0.05) was best described by a non-significant negative linear slope, indicating a linear pattern, while those of VLBW (χ2(1) = 23.62; p < 0.01) and FT infants (χ2(1) = 58.03; p < 0.01) were characterized by a significant negative linear slope and a positive quadratic (curved) slope, indicating a U-shaped pattern (Figure 3).

Model 2 suggested that, in the case of ELBW infants, maternal anxiety predicts change of the intercept, but not of linear or quadratic slope. In particular, the average score for ELBW infants with non-anxious mothers was 107.22; ELBW infants with anxious mothers started significantly lower by −9.94 points (at about 97.28). No significant change emerged in the case of VLBW and FT infants.



DISCUSSION

This study aimed at assessing preterm infants’ outcomes in different developmental areas (Locomotor, Personal and Social, Hearing and language, Eye-hand Co-Ordination and Performance) during the 1st year of life, exploring the impact of severity of birth weight, also in relation to postnatal maternal anxiety. A further aim was to describe trajectories of these developmental dimensions in ELBW, VLBW and FT infants from 3 to 12 months postpartum. One of the main strengths of this study was to explore the impact of the severity of prematurity on each GMDS-R quotient in order to highlight possible areas of vulnerability in specific phases of development.

Different results emerged in relation to specific developmental areas, as measured by GMDS-R quotients.

Regarding the Performance quotient, which measures skills in manipulation, speed of working and precision, as well as the ability to apply them in novel situations (Griffith, 1996), a first result showed that, independently from time of assessment, both ELBW and VLBW infants had lower scores than FT ones. However, when the time of assessment was considered in line with the objectives of our study, results showed differences between the 2 preterm groups. At 3 months, ELBW infants had lower scores than VLBW and FT ones, while at 12 months VLBW infants had lower scores than FT ones. At 12 months, the mean scores of ELBW and VLBW infants were quite similar (99.49 vs. 98.02), suggesting that ELBW infants also had a worse outcome, even if not statistically significant, compared to FT infants. These findings seem to suggest that, for ELBW infants, difficulties related to performance domain arise early, at 3 months (having quite stable mean scores across time). For VLBW infants, whose score significantly decreased from 3 to 9 months postpartum, difficulties would arise later (around 12 months).

The presence of maternal anxiety did not seem to have a significant impact on infants’ mean scores of performance quotient, independently from the birth weight classification.

Furthermore, growth trajectories analyses underline that ELBW infants showed a non-significant negative linear pattern of growth, while VLBW and FT infants demonstrated a U-shaped pattern of growth. These findings suggest that, during the 1st year postpartum, VLBW and FT infants had a similar trend of development, even if VLBW infants showed lower scores across time. The only significant result in the case of maternal anxiety emerged on the intercept of ELBW infants: ELBW with anxious mothers showed significantly lower scores than those without anxious mothers.

The decrease of quotients observed in the study is somehow unexpected. However, a possible explanation could be given by the increase of the complexity of task demands required by the GMDS-R (Griffith, 1996). Indeed, in the 1st months, very simple and general abilities are required of the infants, while in the following months more complex tests are provided, requiring the skills to respond to items of increasing difficulty and to unusual stimuli. Thus, it could be possible that performance of ELBW infants, due to the severity of their condition, could be influenced since the first assessment. Despite VLBW babies not showing difficulties at 3 months, lower scores emerged at 12 months, when the items (put block in a box, use of form-boards, etc.) required precision, adaptability and a capacity to persist in a task; these abilities are complex and may still not be fully acquired, as in the case of FT infants.

These results may suggest that the development of ELBW and VLBW infants could benefit from ad hoc interventions; in particular, in the case of ELBW babies, interventions aimed at promoting very simple and general abilities should start since the first postpartum months of life, while in the case of VLBW babies, the therapeutic interventions, aimed at building more complex abilities, could start later.

To our knowledge, no previous studies have explored ELBW, VLBW and FT infants’ performance development across time, nor their trajectories of growth, by also considering the role of maternal anxiety. Therefore, further studies are recommended.

Regarding the Hearing and Language quotient, it is relevant to note that most of the infants did not present an index of delay, defined as a score < 1 DS. This result is unexpected and is not in line with previous studies (Cattani et al., 2010; Sansavini et al., 2011; Ballantyne et al., 2016; Ionio et al., 2016; Cheong et al., 2017; de Jong et al., 2017; Lean et al., 2018; Pisoni et al., 2018), in which preterm infants have shown worse linguistic development than FT ones. A possible explanation could regard the time of assessment: all the previously mentioned studies mainly focused on the 2nd year postpartum, while the present study focused on the 1st year postpartum. Thus, it could be possible that the impairments described in previous studies are not yet detected during the 1st year of life. However, in order to identify possible early signs during the first postpartum months of infant age, some considerations about results on continuous scores could be given.

A first consideration is about the significant decrease in scores from 9 to 12 months shown by ELBW infants. This effect emerged both in the case of anxious and non-anxious groups. Conversely, we observed this decrease in VLBW only if their mothers were non-anxious and it never emerged for FT infants. These results could be explained considering the steps of the acquisition of hearing and language skills during the 1st year: the period between 9 and 12 months is a sensitive and pivotal time in which a baby should show more complex linguistic abilities, such as using gestures (e.g., waving and pointing) and vocalizations (e.g., “mummum,” “dada,” and “tete”). For this reason, during the first postpartum months of an infant’s age, items of GMDS-R scales are mainly focused on hearing skills, while at the end of the 1st year the quantity and quality of infant vocalizations are deeply assessed. So, the decrease in the scores from 9 to 12 months could show how the adaptation to new skills is highly demanding in the case of preterm infants, especially for high-risk babies like ELBW ones, as we found in a previous research (Neri et al., 2017). This trend for preterm infants is also shown by the trajectories analysis, where ELBW and VLBW infants showed an inverted U-shaped pattern of growth, and supported by Greene et al. (2013), who found that preterm infants at 8 months obtained lower scores in expressive than in receptive language.

Conversely, full-term infants might have already found an adjustment on these abilities, thus showing more stability in their scores throughout all the assessments.

At 9 months postpartum, VLBW infants showed a higher quotient compared to the FT group and this result emerged only in the case of non-anxious mothers. This somehow unexpected result may possibly be explained considering the fact that the VLBW group represents a low risk sample and it could have taken advantage of the supportive interventions realized in NICU and during the follow-up programs (Biasini et al., 2015; Montirosso et al., 2016; Neri et al., 2017), aimed at promoting both infants’ communicative skills and parents’ ability to support infant vocalizations. However, when maternal anxiety is present in the VLBW group, this may mediate the efficacy of interventions in improving Hearing and Language skills.

Further studies including the role of maternal anxiety are recommended.

To sum up, our results suggest that more evident difficulties for hearing and language development manifest at the end of the 1st year postpartum, when a baby should start to use gestures, vocalizations and single words to communicate. These findings are important because they highlight the importance of planning early language-focused interventions in order to limit these subsequent difficulties (Stolt et al., 2016).

Regarding the Locomotor quotient, ELBW, VLBW and FT babies had similar scores, independently from time of assessment. This result is not in line with previous studies, highlighting that preterm infants, compared to FT ones, had significantly more difficulties in acquiring gross motor skills in the 1st and 2nd year of life (Mukhopadhyay et al., 2010; Fallah et al., 2011; de Souza and de Castro Magalhães, 2012; Ballantyne et al., 2016; Cheong et al., 2017; de Jong et al., 2017; Lean et al., 2018). Regardless, none of these studies differentiated preterm infants in relation to the severity of prematurity. Only 2 studies compared 3 gestational age groups (Sansavini et al., 2010) or 3 birth weight groups (Neri et al., 2017), showing, in the first case, significantly lower locomotor scores in ELGA infants compared to VLGA and FT infants; in the second study, no significant differences among ELBW, VLBW and FT samples were reported. Further studies are needed to better describe whether the severity of prematurity impacts on locomotor development differently.

When maternal symptomatology was also included, specific patterns relating to anxious and non-anxious groups emerged. When mothers were non-anxious, the mean scores observed in ELBW, VLBW and FT infants significantly decreased from 3 to 9 months, followed by relatively stable scores from 9 to 12 months. In this case, the Locomotor quotient tends to show a specific trend of development across time, independently from the severity of birth weight.

Conversely, when mothers were anxious, ELBW and FT infants showed similar scores from 3 to 12 months postpartum, while only VLBW infants maintained the decrease observed from 3 to 9 and 12 months. It is unexpected for VLBW infants to reach good performance at T1 despite maternal anxiety. Previous literature has suggested that, in the case of preterm birth, anxiety could function as an adaptive response to traumatic condition (Neri et al., 2015), helping mothers to maintain the focus on the infant. It could be possible that the adaptive role played by anxiety could emerge, especially in the case of VLBW infants, most likely due to their less severe condition of prematurity, as well as to the supportive intervention offered by the NICU.

This result confirms the way in which ELBW and VLBW may show different profiles in the acquisition of Locomotor skills, with different time of improvement and different resources to environmental stimulations.

To our knowledge, no previous studies have explored the differences between ELBW, VLBW and FT infants on locomotor development at 3, at 9 and at 12 months of life, considering the presence of maternal anxiety and this study represents a first step in this direction.

Lastly, considering Eye-hand Co-Ordination and Personal and Social quotients, significant results did not emerge according to severity of birth weight and maternal anxiety.

In the case of the Eye-hand Co-Ordination quotient, ELBW infants presented a small prevalence of delays in all the assessments and a negative linear pattern, different from the U-shaped pattern reported by VLBW and FT infants. This result is in line with previous studies (Greene et al., 2013; Lobo et al., 2014), reporting that few preterm infants had impairment in fine motor skills and that this may reflect a tendency to worsen across time. Specifically, Greene et al. (2013) showed an impairment on fine motor skills in the 2nd year of life in a sample of premature infants. Therefore, the negative linear pattern of growth shown by ELBW infants in Eye-hand Co-Ordination may underline that ELBW infants could obtain low scores that will became impairment in the second year of life, as emerged for Greene et al. (2013). It is interesting to evidence that Locomotor and Eye-hand Co-Ordination quotients give a measure of the quality of infant motor abilities (Griffith, 1970, 1984). However, while the Locomotor scale assesses gross motor skills, including the ability to balance and to co-ordinate and control movements, the Eye-hand Coordination Subscale evaluates fine motor skills, manual dexterity and visual perceptual skills. Future studies should compare ELBW, VLBW and FT infants on locomotor development across the 1st year postpartum, differentiating the development of gross motor and fine motor skills.

In the case of the Personal and Social quotient, no significant differences emerged when parametric analyses were run; nevertheless, relevant changes were observed in the rate of delay in the 3 groups. In particular, during the assessment at T2, 9 months, a very high rate of delay was present in the preterm group, especially in the case of ELBW infants (44%). Nine months represent a sensitive period for development, as babies more actively interact with the surrounding environment and new skills are learned, especially in the food area; e.g., the consolidation of weaning leads to increasing autonomous behaviors, like taking foods by hands, attempting to drink from the bottles alone, etc. The acquisition of these skills could be more difficult for severely preterm infants and for their parents; indeed, memories of previous experiences during hospitalizations (apneas, difficulties on breast-feeding and breathing) could interfere with the scaffolding role that parents could play. Therefore, the clinicians need to pay specific attention to the meaning that feeding has for these families. Furthermore, results of growth curve analysis showed that, despite not significant, preterm infants obtained lower mean scores than FT ones, with a U-shaped pattern.

A relevant consideration is required about the use of developmental scales for the assessment of relational skills, rather than the evaluation by interactive scales, as in previous literature (Korja et al., 2012; Agostini et al., 2014; Bilgin and Wolke, 2015). As suggested in previous studies, it could represent a bias (Lobo and Galloway, 2013; Lobo et al., 2014). Further studies should consider the possible correlations between the results found by these different instruments of assessment.

To our knowledge, this is the first study that longitudinally explored the impact of the severity of birth weight along with maternal anxiety on each GMDS-R quotient, in order to understand whether specific areas of development are more exposed to impairments across the 1st year postpartum.

Taken together, the results may suggest a discrete instability of the scores at 3-, 9-, and 12-months, as assessed by GMDS-R, strengthening the evidence from previous research that the assessment of infant development by developmental scales would show lower sensitivity in the case of high risk infants (Janssen et al., 2011; Greene et al., 2013; Lobo and Galloway, 2013), compared to infants with typical development. The instability of the assessment of high-risk infants, like preterm ones, could represent a limit of developmental scales (GMDS-R or Bayley) and suggests the need of a different kind of evaluation during follow up in the 1st year of infant life (Lobo et al., 2014).

Though this may suggest a limit regarding the methodology of the study, some clinical implications for intervention may arise. First, the assessment of high-risk infants and first signs of delay in the context of preterm birth should benefit from the inclusion of a series of diagnostic and observative instruments (e.g., observation of infant during free play; see Lobo et al. (2014). Second, fluctuations of scores in GMDS-R dimensions may suggest that, during the 1st year of life, there are several sensitive periods for the different developmental areas. Therefore, the transition across the 1st year of life may be challenging. Thus, during a follow up program, parents should be supported to read infant cues and to provide them with the most adequate learning experiences possible (Lobo and Galloway, 2013).

Several limits of the study may be acknowledged. First, the results need to be confirmed on wider samples. In particular, our ELBW and VLBW samples are smaller than the FT ones; this difference could have influenced the detection of differences among the 3 groups.

Second, regarding maternal anxiety, we chose to focus on worries, a specific component of generalized anxiety, as preterm mothers may tend to worry excessively about infant health long after discharge from the hospital. However, it may be possible that other components of anxiety emerge during the 1st year in the context of a preterm birth, such as post-traumatic symptoms or generalized anxiety, as suggested by previous studies (Correia and Linhares, 2007; Padovani et al., 2008), therefore they would need to be measured. This could in part explain why we did not find a relevant influence of anxiety on infant development compared to previous studies (Zelkowitz et al., 2008, 2009, 2011; Glasheen et al., 2010; Keim et al., 2011). Besides, the choice to assess maternal symptomatology only at 3 months may have influenced our results.

Third, we did not investigate the effect of maternal depressive symptoms, which often occur in comorbidity with anxious symptomatology (Garfield et al., 2014; O’ Hara and Wisner, 2014; Yang et al., 2017), and we did not assess the quality of mother-child relationships that, in the case of anxiety, may interfere with caregiving practices (Beebe et al., 2011; Pisoni et al., 2018), representing a risk factor for infant development. Further studies should also include these factors.

Besides, for a more accurate understanding of the results, it is worth noting that preterm dyads were recruited in a NICU, where all procedures are based on Developmental Care (Vandenberg, 2007) and the staff demonstrate a high level of expertise in protecting and enhancing the infant’s and parents’ quality of life. During hospitalization, parents have a 24-h free access to the Unit and their abilities to recognize and to adequately respond to infants’ cues are constantly supported. Furthermore, after discharge, the families are included in a follow-up program, where both infant development and parental affective state are monitored. All these variables need to be considered for their possible influences on the results of the study.

Globally, the results suggest that the severity of birth weight, also in possible interaction with specific aspects of maternal anxiety (tendency to worry), have significant impact on infant development across the first postpartum year.

For this reason, the categorization based on severity of birth weight should always be considered when the impact of a preterm birth on child development is investigated; along with this, specific attention should be paid to different developmental dimensions and their trajectories, in order to underline possible infant vulnerabilities and strengths. Specifically, ad hoc tailored interventions should be promoted to assess the risk of preterm infants’ delay and anxiety symptoms with adequate tools, to offer special support and treatment for symptomatology and to enhance parental functioning. This could help to implement more accurate interventions, as suggested by Developmental Care (Burke, 2018).
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Emotion recognition from facial expressions and words conveying emotions is considered crucial for the development of interpersonal relations (Pochon and Declercq, 2013). Although Down syndrome (DS) has received growing attention in the last two decades, emotional development has remained underexplored, perhaps because of the stereotype of high sociability in persons with DS. Yet recently, there is some literature that is suggesting the existence of specific deficits in emotion recognition in DS. The current study aimed to expand our knowledge on how individuals with DS process emotion expressions from faces and words by adopting a powerful methodological paradigm, namely priming. The purpose is to analyse to what extent emotion recognition in DS can occur through different processes than in typical development. Individuals with DS (N = 20) were matched to a control group (N = 20) on vocabulary knowledge (PPTV) and non-verbal ability (Raven’s matrices). Subsequently a priming paradigm was adopted: stimuli were photos of faces with different facial expressions (happy, sad, neutral) and three words (happy, sad, neutral). On a computer screen the first item (face or word) was presented for a very short time (prime) and afterward a stimulus (face or word) appeared (target). Participants had to recognize whether the target was an emotion (sad/happy) or not (neutral). Four prime-target pairs were presented (face-word; word-face; word-word; face-word) in two conditions: congruent (same emotion prime/target) and incongruent (different emotion prime/target). The results failed to show evidence for differential processing during emotion recognition between the two groups matched for verbal and non-verbal abilities. Both groups showed a typical priming effect: In the incongruent condition, slower reaction times were recorded, in particular when the target to be recognized is the face, providing evidence that the stimuli were indeed processed. Overall, the data of the current work seem to support the idea of similar developmental trajectories in individuals with DS and TD of the same verbal and non-verbal level, at least as far as the processing of simple visual and linguistic stimuli conveying basic emotions is concerned. Results are interpreted in relation to recent finding on emotion recognition from faces and words in DS.
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INTRODUCTION

Down syndrome (DS) is the most common genetic intellectual disability and for this reason, for many years, DS has received great attention from researchers. There are a large number of studies concerning the cognitive and linguistic profile of DS, which is extensively described for this population (Roizen and Patterson, 2003; Abbeduto et al., 2007; Grieco et al., 2015; McDuffie et al., 2017; Lanfranchi, 2019; Roch et al., 2019). Yet, the socio-emotional profile of individuals with DS has remained underexplored. The current study aims to expand our knowledge of emotional skills in young adults with DS through the analysis of the ability to recognize emotional expression and emotion labels adopting a very powerful paradigm, namely, a priming paradigm. This paradigm has never been used for investigating emotion recognition in individuals with DS.

The ability to decode the facial expression of others is considered crucial for the socioemotional competence and for the construction of social interactions and relationships (Calder et al., 2000; Wishart and Pitcairn, 2000; Izard et al., 2001; Denham and Weissberg, 2004; Pochon and Declercq, 2014). The identification of the socioemotional profile is therefore essential in order to provide educational and psychological support. One of the reasons for which this field has attracted only limited research in the population with DS, is related to the stereotype of high sociability in persons with DS (Pitcairn and Wishart, 1994): in fact, they are generally considered proficient at establishing social relationships with others. In addition, the first studies that have investigated emotion competence in DS have found that emotion recognition was in line with their level of intellectual disability.

Turk and Cornish (1998) reported no differences between children with DS and typically developing (TD) children, matched for mental age, in the recognition of facial expressions of happiness, sadness, anger, and fear, as well as in the recognition of emotional vocalizations. Nevertheless, children with DS performed worse than TD children in matching the appropriate facial expression to the context: this result was interpreted as an indication of an impairment in attributing the deep meaning to the emotion. Similarly, Celani et al. (1999) compared the performance of children with DS and TD matched for verbal mental age at an emotion matching task. Children with DS presented similar abilities to the TD children in recognizing the expressions of happiness and sadness but also in rating the valence of emotional expressions and situations, but showed a specific difficulty in identifying anger. Following from this, it was suggested that there might be qualitative differences in socio-emotional functioning between individuals with DS and TD children of the same cognitive level (Cebula and Wishart, 2008; Cebula et al., 2010). Some of these deficits have been, indeed, identified in infancy and childhood and this could have had a negative impact on the subsequent development of interpersonal relationships. It is relevant to adopt a developmental perspective when examining individuals with atypical development, being aware that what we observe in one moment is a result of a developmental process that have had cascading effects on this result (Ewing et al., 2017).

Some recent studies have found emotional difficulties in children and adolescents with DS (Fidler et al., 2008; Jahromi et al., 2008; Martinez-Castilla et al., 2015; Goldman et al., 2017). These works noted weaknesses in emotion recognition of individuals with DS which cannot be explained by their level of cognitive ability (Wishart and Pitcairn, 2000; Williams et al., 2005; Wishart et al., 2007; Cebula et al., 2017). Wishart and Pitcairn (2000) compared a group of individuals with DS to two control groups matched for the level of cognitive ability: one group was composed by children with typical development and the other was composed by individuals with non-specified intellectual disability (ID). Children with DS performed significantly worse when compared to the TD group on a facial expression matching task involving six primary emotions (happiness, sadness, surprise, fear, anger, and disgust); they had particular difficulty in distinguishing fear and surprise. The results of the children with non-specified ID were not different from those of the TD children. Therefore, the impaired performance of DS individuals in this task cannot be attributed to intellectual disability and was, instead attributed to specific features of DS. In line with this interpretation, Williams et al. (2005) hypothesized that there might be a specific impairment of emotion recognition in DS.

Several studies noted that the difficulty that individuals with DS experience regarding the recognition of facial expressions was not generalized to all emotions but was particularly evident for specific emotions, namely, fear (see also Wishart et al., 2007). More generally, Porter et al. (2007) showed that individuals with DS show difficulties in recognizing negative emotions. In addition, Kasari et al. (2001) highlighted that children with DS tend to choose positive expressions instead of negative ones and vice versa. Finally, other atypical errors were highlighted by Williams et al. (2005) and Wishart et al. (2007): they reported that children with DS tended to confuse fear with sadness.

The studies presented in this literature review all adopted methods which minimized the use of language which is controlled for through statystical approaches, for the sake of the linguistic level of participants with DS. Nevertheless, the instructions always involved the understanding of emotional labels. This might have an impact on the performance of individuals with DS because of the influence of emotional language on the emotion perception (Lindquist et al., 2006; Barrett et al., 2007). In this respect, Channell et al. (2014) examined emotion recognition of a group of children and adolescents with DS through tasks that measured the ability to recognize others’ emotions from static and dynamic facial expressions and from the social context and compared to typically developing (TD) children of similar developmental levels. In this study, a measure of emotion recognition that minimized the need for linguistic skills was used. The results indicated similar accuracy for participants with DS and TD participants when judging emotions from static or dynamic expression stimuli and from facial or contextual cues. In a further study, the authors compared the two groups on the rate at which their emotion recognition grew relative to their cognitive level, and EXAMINED the relationship between emotion recognition and developmental factors (mental and chronological age). The results indicated that participants with DS and TD showed similar cross-sectional developmental trajectories of emotion recognition in relation to their mental age and that emotion recognition was correlated to both mental and chronological age in each of the two groups. These two studies showed clearly that, when the use of language skills is reduced in emotion recognition tasks, DS individuals do not differ from TD children in emotion recognition supporting the idea of similarity between groups in this skill relative to the level of cognitive development.

Other recent studies used non-verbal tasks for the analysis of emotion recognition in DS. Pochon and Declercq (2013) conducted a longitudinal study using a non-verbal task for emotion recognition. Children with DS were compared to a group of children with non-specified intellectual disability and TD children matched for non-verbal cognitive ability. The three groups performed a task that required the recognition of six basic emotions: they were asked to match an emotional auditory stimulus (a vocalization) with an emotional visual stimulus (a facial expression). The results revealed similar performance in emotion recognition of the DS group compared to the other two groups of participants. Because of the strictly non-verbal design of this study, this result was interpreted as an indication of possible negative influence of the emotional lexicon when participants show impaired recognition of emotion expressions (Pochon and Declercq, 2013). The results of this study were replicated in a subsequent work with the same participants: the ability to recognize basic emotional facial expressions by means of a non-verbal protocol that uses video clips rather than static photographs was adopted (Pochon and Declercq, 2014). Finally, in a recent study, Pochon et al. (2017), reported new evidence on the absence of differences in emotion recognition between DS and TD matched for non-verbal ability. The authors conclude by highlighting the importance of using dynamic, strictly non-verbal tasks for participants with DS, and more generally for populations with language disorders.

These four studies are the only recent studies in which children with DS did not show weakness in recognizing emotions from facial expressions; nevertheless, they have raised the question of whether the difficulties reported for DS children in previous studies were at least in part due to the use of emotional labels. Notably, individuals with DS are characterized by severe language impairments and emotional lexicon was repeatedly mentioned as one of the weaknesses of their linguistic profile (Chapman, 1997; Chapman and Hesketh, 2000). It is possible then, that even when language level is controlled for, a deficit in emotional vocabulary may disadvantage individuals with DS in emotion recognition tasks. This interpretation would be coherent with some observations that children with Down syndrome are exposed to less conversation about emotional terminology than typically developing children are. Since children with DS tend to be perceived stereotypically as friendly and happy, their caregivers tend to use fewer negative emotion words with them, providing children with reduced opportunities to learn emotions and to match correctly the emotion labels to specific emotions (Tingley et al., 1994; Kasari et al., 2001).

The purpose, therefore, becomes to investigate more deeply the nature of the deficits in emotion recognition of individuals with DS in order to be able to better interpret the results obtained in previous studies.

Most of the literature review reported in the previous paragraphs have involved children and adolescents with DS in their works. However, there are some studies of emotion recognition in adults with DS (Porter and Coltheart, 2006; Hippolyte et al., 2008, 2009; Carvajal et al., 2012; Virji-Babul et al., 2012). For the purposes of the current work, the most relevant data come from the study of Carvajal et al. (2012), in which they showed that adults with DS did not present any specific deficits in matching emotional significance to faces compared to people with general intellectual disability. However, they found that people with DS showed some specific deficits in the first phases of the processing of faces, namely in configuring facial traits. This calls for further research of the first phases in the processing of the faces preceding emotion recognition.

We adopted a specific approach in order to investigate emotion recognition and, in addition, we measured emotion recognition by adopting an implicit recognition approach, namely a priming paradigm in which we minimized the use of emotion labels.

In priming experiments, participants are usually presented with pairs of items displaced in time, a single prime word presented for several milliseconds followed by a single target word. Participants are required to make a response to the target (e.g., naming the target aloud). Priming is measured by comparing response time and accuracy across related and unrelated trials. Numerous studies have shown that processing of the target can be greatly influenced by the nature of the relationship between the prime and target stimuli. Target stimuli are typically associated with faster response times (RTs) and fewer errors when they follow an identity (e.g., dog-dog) or semantically (e.g., cat-dog) related prime relative to when they follow a semantically unrelated (e.g., table-dog) stimulus (Neely, 1991, 1997; McNamara, 1992; Masson, 1995; Pesciarelli et al., 2007). Priming is obtained when response times are faster and/or accuracies are greater for related trials, relative to unrelated trials. The priming effect is remarkably robust and has been observed within a wide variety of experimental settings (see Neely, 1991 for a review). Several mechanisms have been proposed to explain this effect. One which is widely accepted is the automatic spreading activation mechanism. It has been argued that faster response times to related targets are the result of the target already being partially activated by spreading activation from its related prime occurring before target presentation (Neely, 1997).

The priming procedure is increasingly being used as a tool to investigate cognitive mechanisms underlying language, perception, memory, attention and emotion processing. Therefore, this paradigm is well suited to investigate the ability of individuals with Down syndrome to recognize whether a face/label corresponds to an emotion or not.

The existing literature reports evidence on a possible specific impairment of emotion recognition in individuals with DS. At the same time, some studies pointed out that this impairment might reflect a difficulty with emotion labeling that influence the perception and the recognition of emotions and facial expressions (Vicari et al., 2000; Lindquist and Gendron, 2013). The aim of our study is to contribute to a better understanding of the processes involved in the recognition of emotional facial expressions by individuals with DS. To the best of our knowledge, this is the first study that adopted a priming task in order to investigate emotion recognition by individuals with DS. They were compared to a group of typically developing first graders matched for verbal and non-verbal skills. The two groups were required to recognize emotion from facial expressions (photographs) and from emotion labels (written words) through a priming paradigm by distinguishing emotional states from neutral ones. The current work is exploratory rather than confirmatory in nature since, to the best of our knowledge, it is the first time a similar paradigm is adopted for investigating emotion recognition in DS. For this reason, it is not possible to formulate specific predictions regarding the performance of the participants. Nonetheless, the study was designed in order to address four issues for which there is still an open debate in literature on emotion recognition in DS. In particular, the current study was designed:


–To analyse group differences in the ability to distinguish emotions from neutral states.

–To analyse whether the three emotion categories (sad, happy and neutral) are processed differently.

–To analyse whether emotion recognition differs when the emotions have to be identified through words or faces.

–To analyse whether the typical congruency effect expected in the priming paradigm is more pronounced in specific conditions, for specific targets and differs across the two groups.

–Both the accuracy and the reaction times were analyzed through the analyses of variance.





MATERIALS AND METHODS


Participants

Participants consisted of 20 individuals with DS (6 female; chronological mean age = 23 years 3 months, age range = 17–37, SD = 2 years 5 months) and 20 children with typical development (TD) (10 female; chronological mean age = 6 years 5 months, age range = 6–7 years, SD = 2 months). Italian was the native language of all participants. All participants were residents in the province of Padova, Veneto (Italy). Participants with DS came from the Association Down DADI Padova. All of them were able to read. Families and practitioners reported that none of the study participants had symptoms of cognitive decline at the time of the study. All participants with DS are active in the community, they are either attending autonomy courses, working or attending school: these data help us to support the idea that the results we obtain in this work cannot have been influenced by a possible symptomatology of cognitive or memory decline.

The sample of TD were selected from a larger group of 65 participants and were selected on the basis of the following criteria: they were all first graders (they have had to be able to read single words) and were matched to participants with DS on the basis of their score on PPVT (Peabody Picture Vocabulary Test, Dunn and Dunn, 1981; Stella et al., 2000) and on the basis of non-verbal intelligence scales (Coloured Progressive Matrices CPM: Italian version – Belacchi et al., 2008). This allowed us to have a double matching, both on verbal ability (verbal matching = raw score -/+ 5 points) and non-verbal ability (non-verbal matching = raw score -/+ 3 points). Individuals with DS scored on average 96.95 (SD = 22.04) at the PPVT, while TD children scored on average 95.05 (SD = 16.40). The two groups scored at the non-verbal task 14.60 (SD = 3.55) for individuals with DS and 18.55 (SD = 4.20) for TD children. The two groups did not differ either on the measure of PPVT and on CPM [t (19) = 0.987, p = 0.496 and t (19) = 1.2, p = 0.193, respectively for PPVT and CPM].



Stimuli

Three color pictures of real faces (sad, happy, neutral) selected from the NimStim face stimulus set (Tottenham et al., 2009)1 and three black letter words (triste-sad, felice-happy, neutro-neutral) were used. The background was white and the mean luminance was approximately the same for all pictures. The prime and the target were either a word or a picture of a real face. Four types of prime-target presentation pairs were used: 1. word-face; 2. word-word; 3. face-face; 4. face-word. The pairs of stimuli (prime-target) in each of the four different presentation types belonged, in half of the trials, to the same emotion (congruent condition) and, in the other half to different emotions (incongruent condition) (see Figure 1). In order to avoid orthographic overlap, prime words were presented in lowercase letters and target words in uppercase letters (Courier font, size 20). Prime faces were 25% smaller (visual angle 8.5°) than target faces (visual angle 11.3°) to avoid any apparent movement between the prime and target stimuli.


[image: image]

FIGURE 1. Research design: experimental stimuli.


Participants performed four blocks of 80 trials each (one word-face; one word-word; one face-face; one face-word) in a total of 320 trials. In each block, the emotion and the prime-target congruency were fully crossed and counterbalanced.



Design and Procedure

The stimulus presentation procedure is graphically reported in Figure 2. All stimuli (faces and words) were displayed in the center of a CRT monitor synchronous with the screen refresh [refresh rate = 60 Hz (16.67 ms)] that was positioned at eye level approximately 70 cm in front of the participant. E-Prime software (Version 1; Psychology Software Tools, Pittsburgh, PA) was used for stimulus presentation and behavioral response collection. Each trial began with a 1000 ms fixation cross (+) presented in the middle of the screen. Then a white screen was displayed for 200 ms and replaced by a 800 prime stimulus. The prime was then immediately followed by a 400 ms white screen. Then the target appeared and remained on the screen until a response was made. Each response was followed by a 500 ms white screen. The task of the participants was to decide, as quickly and accurately as possible, whether the target represented an emotion or a neutral stimulus. Participants responded by pressing one of two buttons, which were counterbalanced (left and right) across subjects. The participant’s responses controlled the onset and termination of the target on the screen. When the participant pressed one of the response buttons, the stimulus was erased from the screen. Before the experiment, participants took part in a short training session with 12 prime-target pairs (3 for each presentation type). Further, they were asked to read the three words (sad, happy and neutral) and to recognize the three faces. All participants were able to label the three words and the three facial expressions correctly. The task and the procedure were specifically developed for this work therefore, we will provide preliminary data on adopting the priming paradigm in DS, and future works should be designed with a similar procedure in order to provide for additional validation of this paradigm.


[image: image]

FIGURE 2. Experimental procedure.




Statistical Analysis

The original dataset consisted of 12800 observations (i.e., 40 subjects × 360 observations) on each of our dependent variables: Accuracy and Reaction Time.

Given the type of experiment, to exclude unreliable observations, we first eliminated all observations with Response Time below 200 ms (i.e., anticipatory responses) and above 3500 ms (i.e., late responses). Specifically, 52 observations with Reaction Time below 200 ms (0.04%) and 708 with Reaction Time above 3500 ms (5.5%) were excluded. It is important to note that the percentage of excluded observations were homogeneous among Down (i.e., 5.61%) and Control (6.27%) groups. Thus, the final dataset for the analysis of Accuracy consisted of 12040 observations.

The analyses on Reaction Times (RTs) were carried out only on trials with correct responses (n = 470, 3.4% rejected trials), resulting in a dataset of 11570 observations (i.e., 90% of the original number of observations).

Also in this case, the percentage of wrong answers was homogeneous among Down (3.2%) and Control (4.6%) groups. Logarithmic transformations were applied to correct for positively skewed distributions of accuracy and reaction time scores. All analyses were conducted both with transformed and untransformed values. Because results did not differ, untransformed values are reported for ease of interpretation.

Detailed descriptive statistics of Accuracy and Reaction Times as a function of independent variables are presented in Tables 1, 2. The mean RTs of correct responses and the accuracy proportions were submitted to analyses of variance (ANOVAs) with Prime-Target Congruency (congruent, incongruent), Presentation Type (face-face, face-word, word-face, word-word), Emotion (sad, happy, neutral), as within-subject factors and Group (DS, TD) as between-subject factor. In addition, in order to investigate the interaction between the priming effect and emotional valences more deeply the mean RTs of correct responses and the accuracy proportions were submitted to ANOVAs with Presentation Type (face-face, face-word, word-face, word-word), Prime Emotion (sad, happy, neutral), and Target Emotion (sad, happy, neutral) as within-subject factors and Group (DS, TD) as between-subject factor.


TABLE 1. Descriptive statistics: Mean proportions of accuracy and standard errors by Group, Prime-Target congruency, Presentation type and Emotion (nsubjects = 40).

[image: Table 1]
TABLE 2. Descriptive statistics: Median and mean reaction times (ms) and standard errors by Group, Prime-Target congruency, Presentation type and Emotion (nsubjects = 40).

[image: Table 2]When appropriate, degrees of freedom were adjusted according to the method of Greenhouse-Geisser; only corrected significance levels are reported. The level of significance testing was p = 0.05. As post hoc mean comparisons (Bonferroni) were employed to further examine significant effects (using a p < 0.05 criterion for significance).



RESULTS

All participants, both with TD and DS did not show any problem performing the priming task and everyone appeared to have understood the instructions.


Accuracy

For the sake of transparency, in Table 1 descriptive statistics of Accuracy (Mean = 0.96, SE = 0.03) by levels of Group, Congruency, Presentation Type and Emotion are shown. Overall, all participants resulted accurate with an average accuracy well over.85.

The ANOVA conducted on the accuracy data yielded a significant main effect of Congruency [F(1, 38) = 9.52, p < 0.01, ηp^2 = 0.20], indicating that participants showed higher accuracy in the congruent condition (Mean = 0.965, SE = 0.006) compared to the incongruent condition (Mean = 0.947, SE = 0.006). However, congruency does not interact with any main factor. On the other hand, a statistically significant interaction between Presentation Type and Emotion was found [F(2.83, 107.44) = 5.6, p < 0.01, ηp^2 = 0.13; see Figure 3]. Post hoc analyses revealed that there are no differences in the accuracy of the recognition of the happy and neutral emotion across all the four conditions: for both, participants resulted highly accurate across all the conditions. The sadness was recognized with less accuracy in all the conditions except in the face-word one, in particular when the target is the face (regardless of the prime) and in the condition word-word (all ps < 0.01). No difficulties were observed in the accuracy of the recognition of the sad emotion in the face-word condition. The second ANOVA, conducted in order to provide a more in-depth investigation into the interaction between the priming effect and emotional valences, did yield a marginally significant Prime Emotion × Target Emotion interaction [F(2,56, 97.21) = 2.5, p < 0.07, ηp^2 = 0.06]. Post hoc analyses revealed a priming effect for all three emotions: grater target accuracy when Prime and Target stimuli shared the same emotion (e.g., sad-sad) than when shared different emotions (e.g., happy-sad; neutral-sad) (all ps < 0.01).
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FIGURE 3. Estimated mean proportions of Accuracy by Presentation Type and Emotion. Error bars represent 95% confidence intervals.




Reaction Times

In Table 2 descriptive statistics of Reaction Times (Median = 1161.5, Mean = 1307.4, SE = 49.01) by levels of Group, Congruency, Presentation Type and Emotion are shown.

The ANOVA conducted on reaction times showed a significant main effect of Congruency [F(1, 38) = 22.86, p < 0.001, ηp^2 = 0.38], indicating that participants showed faster RTs in the congruent condition (Mean = 1301, SE = 48.54) compared to the incongruent condition (Mean = 1365, SE = 48.54). However, congruency does not interact with any main factor. We also found a significant Group × Emotion interaction [F(1.9, 72.32) = 7.18, p < 0.01, ηp^2 = 0.16; see Figure 4], suggesting that individuals with DS are faster than TD children in the recognition of neutral and sadness emotions; the difference between the two groups appear higher for the sadness. Also, in each of the two groups there are differences in reaction times during the recognition of the three emotions: TD children differ in the recognition of all the three categories with slower reaction times for the sadness emotion and faster for the happy emotion; individuals with DS are significantly slower in identifying sadness compared to neutral and happy emotions, but do not show different reaction times in the recognition of the happy and neutral category (all ps < 0.01). Moreover, we found a Presentation Type × Emotion interaction [F(4.73, 179.61) = 9.49, p < 0.001, ηp^2 = 0.20; see Figure 5]. Post hoc analyses revealed that participants are slower in identifying the sadness and the neutral category than the happy one. The recognition of both sadness and neutral categories is slower when they have to identify the emotion through faces, regardless of the prime. The results found that the reaction times for the recognition of the happy emotion were the fastest and did not differ across the presentation type (all ps < 0.01). Interestingly, the second ANOVA, conducted in order to more deeply investigate the interaction between the priming effect and emotional valences, yielded a significant Prime Emotion × Target Emotion interaction [F(3.1, 117.62) = 4.46, p < 0.01, ηp^2 = 0.11]. Post hoc analyses revealed a priming effect for all three emotions: thus faster target RTs when Prime Emotion and Target Emotion stimuli shared the same emotion (e.g., sad-sad) than when they represented different emotions (e.g., happy-sad; neutral-sad) (all ps < 0.01).
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FIGURE 4. Estimated means of Reaction Time by Group and Emotion. Error bars represent 95% confidence intervals.



[image: image]

FIGURE 5. Estimated means of Reaction Time by Presentation Type and Emotion. Error bars represent 95% confidence intervals.




DISCUSSION

The current study was aimed to analyse the ability of adults with DS to identify two basic emotions, namely happiness and sadness in relation to neutrality, either through faces or written words. Individuals with DS were compared to a group of TD children matched for both verbal and non-verbal skills. The research design adopted a priming paradigm, which, to the best of our knowledge was adopted for the first time within this field. For this reason, the current work is preliminary in nature: predictions were not formulated due to an absence of any theoretical account to which to refer to; the results are interpreted as a starting point on which to build our future knowledge regarding the processes underlying emotion processing in DS through a priming paradigm. Nonetheless, the current findings are discussed in relation to the literature concerning emotion recognition and processing in DS in which different experimental and testing paradigms were adopted. The current work provides a contribution in building knowledge on emotion identification in DS, a field which is still open to debate; what is still missing is a clear indication of whether individuals with DS have a specific impairment in emotion recognition or alternatively whether their ability to identify emotions is in line with their cognitive and linguistic level.

The advantage of priming, with respect to other paradigms, is that it allows an investigation into the effect of a particular prime-target relationship without participants’ awareness of the manipulation, such that they cannot develop response strategies. In this case the relation concerned the early identification of an emotion and the distinction of this from neutrality, both through a face expression or a written word. This allowed us to investigate both the ability of participants to distinguish between emotions and neutral conditions and between their ability to identify the target through face and word processing. Another advantage of a priming paradigm is that both accuracy and speed of processing are coded and analyzed.

The findings on accuracy indicated that, in general, participants of both groups reported high accuracy in their answers suggesting that the task was understandable and appropriate for both groups. More importantly for the priming paradigm, the congruency effect emerged significant indicating that participants were less accurate in the incongruent condition than in the congruent one: this result suggests that the priming is effective and the task is appropriate. However, congruency did not interact with other factors as far as accuracy is concerned. Moreover, we failed to find effects of group (both the main effect and the interactions are not significant) in the accuracy during the participant’s performance: perhaps this indicated that the task difficulty is similar for the two groups when matched for verbal and non-verbal skills. As far as the interactions are concerned, a significant interaction between presentation type and emotion emerged. The sadness was identified with less accuracy in all of the conditions except in the condition face-word. Finally, no differences emerged between the identification of the happy and neutral one: for both, participants resulted highly accurate across all the presentation types. A further analysis investigated the interaction between the prime and the target emotion effect: a significant interaction showed that participants of both groups were more accurate in target recognition when prime and target shared the same emotion than when they represented different emotions.

In a priming paradigm, alongside the accuracy of the performance, much more informative is the speed of the performance, since it reveals the underlying processes during the performance. The significance of the main effects is relevant for providing validity to the paradigm: since this is the first time that such a paradigm is adopted in this population and with this material, the main effects are discussed for their preliminary indication of validity. In particular, the main effect of group and congruency provide an indication that the paradigm is appropriate for the target group. Participants provide faster responses in the congruent than in the incongruent condition indicating a priming effect. Individuals with DS resulted generally faster than TD children. Interestingly the two groups do not differ in accuracy.

Furthermore, the factor group interacts with the emotion one. Individuals with DS are particularly fast with respect to TD in the identification of sadness and the neutrality. The two groups did not differ in the identification of happiness. If we compare these results with the accuracy we can note that participants are slow in recognizing the sadness (in particular DS individuals) but at the same time they are less accurate for this category.

Furthermore, the interaction emotion × presentation type indicated that participants are slower when they have to identify sadness in particular through faces. This is less evident when the target is a word. Future studies will have to explore more deeply this result and provide stronger evidence suggesting that more time is needed for processing a face than a word (with the same meaning). Our results are preliminary in nature and future studies will have to replicate the findings by addressing this specific hypothesis. An interesting result emerged concerning the processing of the happy emotion: the reaction times for the recognition of this emotion are faster than for the other two categories, and additionally, the speed of the recognition of the happy emotion does not differ across the four presentations. This means, in other words, that the recognition of the happy emotion is the easiest one, independently of the modality of the presentation (face or word). Furthermore, an additional analysis revealed a significant interaction between prime and target emotion presentation: target RTs were faster when prime and target shared the same emotion than when they represented different emotions.

In the current study, although preliminary, we failed to find specific difficulty in emotion identification for DS: they tend to be faster than TD matched for verbal and non-verbal skills and the two groups show similar levels of accuracy. Other research studies have found evidence of difficulties in emotional understanding in Down syndrome (e.g., Kasari et al., 2001; Williams et al., 2005; Wishart et al., 2007). Our findings that the identification of emotions, both through faces and words, did not represent an area of difficulty beyond what would be expected given their level of verbal and non-verbal cognitive level, is very encouraging. Indeed, except in specific conditions, the performance of individuals with DS and of TD was overall marked more by similarity than difference. This pattern is coherent with some previous results (e.g., Pochon and Declercq, 2013; Channell et al., 2014). The reasons for the discrepancy in findings across different studies are still unclear, but are reasonably related to differences concerning participants characteristics, stimuli type and tasks.

In relation to specific emotions, we found some atypical results for the processing of sadness. Previous literature reported repeatedly difficulties in the processing of fear (e.g., also Wishart et al., 2007). As previously discussed, for the first time, sadness resulted to be processed, in specific circumstances differently than the happy and the neutral categories, especially when the target was a face. Namely, sadness is processed less accurately, more slowly and with a larger priming effect. This result was not different for the two groups. However, differences between the groups were found concerning the speed of processing of the three emotions: individuals with DS were faster than TD in recognizing sadness. Previous works have suggested that the differences between TD and DS can be attributed to qualitative differences in the processing of emotions that may be related to different life experiences with different emotions (e.g., Cebula et al., 2010). In fact, it may be speculated that TD children have less experience with sadness, in general, than with happiness and neutral states given that they were much younger. On the other hand, it is likely that individuals with DS, who are young adults, have had more experience with emotion recognition and in particular have had more opportunities to encounter sadness during their life. Future studies are needed in order to directly address this issue by verifying the ability to recognize sadness in individuals with DS of different ages.

Finally, our research design allowed us to compare participants in the processing of the same stimuli conveyed by faces and by words. It resulted that the two conditions in which the face was the target were more difficult to process than the two conditions with words as targets. This may be related to more basic face processing difficulties highlighted for individuals with DS.

In conclusion, this study provides some preliminary evidence for the effectiveness of the adoption of a priming paradigm with individuals with DS for the investigation of emotion processing. Future studies will have to enhance our knowledge of emotional competencies in children and adolescents with DS by providing more concrete contribution to a better understanding of the emotional competence of people with DS. The present paradigm is very powerful for demonstrating emotion recognition from very early stages of processing. Future studies will have to investigate how these processes relate to emotion knowledge in real-life interactions and how these skills generalize across different social settings. In fact, real-life emotion recognition is much more complex than the controlled setting and selected stimuli presented in the current work. Furthermore, further studies are needed in order to analyze the extent to which individuals with DS are able to use the knowledge on emotions in order to regulate their behavior and language in function of this awareness. Finally, besides investigating the recognition of basic emotions (happy and sad), as in the current work, complex emotions should be included in future studies. All of these aspects are essential in order to better target educational and psychological interventions targeting emotion knowledge for people with DS.
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FOOTNOTES

1The faces reported in Figures 1, 2 are not the ones used in the experiment. We chose the image for which a written consent for publication was provided.
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Comorbidity between attention deficit/hyperactivity disorder (ADHD) and autism spectrum disorder (ASD) is a frequently reported condition. However, the clinical overlaps between the two disorders are not well characterized. The Child Behavior Checklist (CBCL) is a well-documented measure of emotional and behavioral problems in children and adolescents. The aim of the present study was to evaluate whether CBCL scales were able to detect psychopathological comorbidities as well as emotional and behavioral profiles across three groups of children with ASD, ADHD, and with the co-occurrence of both disorders. The results show that around 30% of participants with ASD exhibited internalizing problems, which was in line with previous findings. Co-occurrence condition showed a clinical intermediate phenotype: relative to ADHD and ASD, youths with co-occurrence of ADHD and ASD phenotype showed respectively lower (p < 0.000) and higher externalizing problems (p < 0.000). No differences emerged in internalizing problems (p > 0.05) across groups. CBCL is a useful measure to study the psychopathological conditions as well as emotional and behavioral profiles associated with ASD, ADHD, and the co-occurrence of ADHD and ASD. The identification of psychopathological and behavioral profiles associated with ASD and ADHD is crucial to perform specific and individualized treatments. Our preliminary findings suggested the existence of an intermediate and independent phenotype between ADHD and ASD that seems to be defined by the externalizing problems. Internalizing problems do not significantly differ between the combined phenotype and the two groups.

Keywords: neurodevelopmental disorders, psychopathological profile, behavioral problems, autism spectrum disorder, attention deficit hyperactivity/impulsivity disorder, externalizing problems, internalizing problems


INTRODUCTION

Attention deficit/hyperactivity disorder (ADHD) and autism spectrum disorder (ASD) are common neurodevelopmental disorders (American Psychiatric Association [APA], 2013) that frequently co-occur (Lai et al., 2019).

Attention deficit/hyperactivity disorder is a prevalent and persistent psychiatric disorder that emerges in childhood as a complex of symptoms characterized by developmentally inappropriate and impairing levels of hyperactivity, impulsivity, and/or inattention (American Psychiatric Association [APA], 2013). Polanczyk et al. (2015) estimated that the worldwide prevalence in childhood population studies is around 5%. This result is in line with all previously reported systematic reviews, which estimated the prevalence of ADHD in the pediatric population as 3.4% (95% CI 2.6–4.5), with heterogeneity in methods between studies cited as a reason for different prevalences shown (Polanczyk et al., 2015).

Autism spectrum disorder is characterized by persistent deficits in social communication and social interaction across multiple contexts as well as restricted, repetitive patterns of behavior, interests, or activities (American Psychiatric Association [APA], 2013). The last reported prevalence based on The Autism and Developmental Disabilities Monitoring (ADDM) Network (Christensen et al., 2018) estimated that ASD prevalence is around 1:59 children. European studies vary between 1 and 2% of the childhood population. Differences in prevalence estimates vary by methodological approach, demographic factors, geographical area, and time (Lyall et al., 2017).

Both conditions are characterized by a high rate of psychiatric comorbidities. These affect around 80% of youth with ADHD (Banaschewski et al., 2011), and approximately two-thirds of patients with ASD are indeed reported to have at least one associated mental health condition (Simonoff et al., 2008; Lai et al., 2014). ADHD and ASD show an overlap in symptoms, such as inattention and hyperactivity/impulsivity (Taylor et al., 2015; Ghirardi et al., 2019), and ADHD has been found to be the most frequently diagnosed disorder in co-occurrence with ASD (Lai et al., 2019).

Despite significant overlap in symptoms, the previous diagnostic criteria [Diagnostic and Statistical Manual of Mental Disorders Fourth Edition, Text Revision (DSM-IV-TR); American Psychiatric Association [APA], 1994] prohibited the simultaneous diagnosis of both disorders. In the context of revised criteria in the Diagnostic Statistical Manual of Mental Disorders Fifth Edition (DSM-5), a combined diagnosis is allowed (American Psychiatric Association [APA], 2013). Consequently, a growing interest in an in-depth characterization of the co-occurring phenotype has been observed. Indeed, co-occurred diagnosis of ADHD and ASD has been frequently described in several previous studies. Autistic symptoms co-occurred in 20–63% of children with ADHD (Ronald et al., 2008; Simonoff et al., 2008; Banaschewski et al., 2011; Lecavalier et al., 2019) and attention deficit and hyperactivity-impulsivity symptoms in a range between 22 and 83% of children among those with ASD (Ronald et al., 2008; Simonoff et al., 2008; Lai et al., 2014). Symptoms of ASD may frequently be misdiagnosed with a sole diagnosis of ADHD and vice versa in young children (Matson et al., 2013).

In one study, Sikora et al. (2012), looking at the ADHD symptoms in children with ASD, aged between 2 and 17.9years, divided the participants into groups based on whether their parents rated them as having clinically significant scores on ADHD problems subscales from the CBCL. The authors showed that those with ASD + ADHD symptoms had lower scores in several symptom scales: psychosocial health summary, school functioning, physical functioning, and emotional and social functioning scores were all lower than those of the children with ASD alone (Sikora et al., 2012).

In a more recent study, Lai et al. (2019) included 96 studies in a meta-analysis with the aim to evaluate the heterogeneity of ASD samples in terms of associated comorbidity diagnosis and symptoms. The authors found a pooled prevalence of ADHD comorbidity in ASD population of the 28%. Individuals with co-occurring ADHD and ASD are reported to show a range of other associated psychiatric and behavioral problems. The cumulative effects of the two disorders seem to lead to more severe impairments (Simonoff et al., 2008; Banaschewski et al., 2011; Lai et al., 2014) and poorer health-related quality of life (Lai et al., 2019) than those having ASD or ADHD alone.

An increased interest has been shown in the overlapping features between these disorders, including adaptive behaviors in children with ASD and ADHD co-occurrence. Mattard-Labrecque et al. (2013) investigated adaptive behaviors in children with overlap between ASD and ADHD compared to children with ADHD or ASD alone. The authors found that children with ASD and ADHD co-occurrence had lower adaptive behavior levels in all domains than children with ADHD or ASD alone, except in home/school domains, than children with ADHD (Mattard-Labrecque et al., 2013). In another study, no statistically significant differences emerged in adaptive functions between the ASD and ADHD group compared to the ASD group alone. However, the ASD and ADHD co-occurring phenotype shares inattention and hyperactivity deficit symptoms as well as emotional and behavior problems with the ADHD phenotype (Craig et al., 2015).

Moreover, according to the DSM-5 (American Psychiatric Association [APA], 2013), additional neurodevelopmental, mental, or behavioral conditions should be specified both in ADHD and in ASD, raising the need for a behavioral, emotional, and psychiatric evaluation. Furthermore, the elevated rate of medical disorders in children and adolescents with ASD and/or ADHD is associated with higher somatic problems (Muskens et al., 2017). The evaluation of psychological and medical conditions during the diagnostic assessment of children with ADHD, ASD, or the co-occurring phenotype, and follow-up examinations are then recommended to help determine risk factors and the most appropriate treatment.

However, although a large number of studies showed a high rate of ADHD and ASD combined diagnosis (Simonoff et al., 2008; Matson et al., 2013), few authors (McClain et al., 2017; Sokolova et al., 2017) have characterized the clinical features of a group with the co-occurrence diagnosis compared to ADHD or ASD groups separately in terms of associated psychopathological and behavioral profile. Sokolova et al. (2017), using a statistical causal model in a population of children with ASD and/or ADHD, found a significant and positive association between both inattention and impulsivity symptoms and difficulties in understanding social information, between hyperactivity symptoms and stereotypic and repetitive behaviors, and between both inattention symptoms and difficulties with understanding social information and verbal intelligence quotient (IQ). Other authors have confirmed that poor social skills in females with ADHD are comparable to those in children with ASD (Ohan and Johnston, 2011).

McClain et al. (2017) found that children with ASD, ADHD, and co-occurring ASD/ADHD exhibit similar inattention and hyperactivity/impulsivity levels conversely to previous findings that demonstrated that a dual diagnosis of ASD/ADHD is associated with more severe ADHD symptoms (Jang et al., 2013).

The Child Behavior Checklist (CBCL; Achenbach and Rescorla, 2001) is a well-established and widely used parent-completed measure of emotional and behavioral symptoms in children and adolescents aged 1.5–18 years (Sokolova et al., 2017; Guerrera et al., 2019). The CBCL results in a guided description of the child by the parents, whose fidelity in reporting symptoms is also widely recognized for psychopathological conditions and behavioral problems associated with ADHD and ASD, as recently shown by Guerrera et al. (2019).

To the best of our knowledge, no study has focused on studying the differences between the ADHD, ASD, and co-occurrence ADHD–ASD groups in terms of psychopathological and behavioral-associated symptoms using the CBCL scales. Furthermore, we found few previous studies that analyzed the differences between groups of children with ASD or ADHD only compared to those with the co-occurrence of ADHD and ASD. Finally, we have also found some inconsistencies in the results of these previous studies.

The main aim of this study was to try to better characterize a psychopathological and behavioral profile of the co-occurring phenotype of ADHD and ASD.



MATERIALS AND METHODS

The Child and Adolescent Neuropsychiatry Unit of Bambino Gesù Children’s Hospital, under the direction of the last author, upholds a comprehensive database made of several hundred patients. This database includes a wide range of information: anamnesis, family history, results from genetic analyses where available, information about past and current treatments (pharmacological and psychological treatments, speech therapy, etc…) and results from psychological and neuropsychological comprehensive evaluations, performed according to the good clinical practice recommended by international guidelines for neurodevelopmental disorder assessment.

Consistently with the aim of the current project, the patients who met our established inclusion criteria (described below) were retrospectively selected from this database. Our study is a retrospective observational study, and our institutional Ethic Committee has been notified according to the AIFA National Guidelines for Observational Study, in which retrospective studies do not require formal approval by the Ethics Committee.

Patients’ confidentiality was protected.

All procedures performed in studies involving human participants were in accordance with the ethical standards of the institutional and/or national research committee and with the 1964 Declaration of Helsinki and its later amendments or comparable ethical standards. Written informed consent was obtained from parents or legal guardians of each participant included in the study.


Participants

The inclusion criteria comprised: the age between 6.0 and 16.11 (included); a diagnosis of ASD, ADHD, ASD + ADHD (primary diagnosis of ASD), or ADHD + ASD (primary diagnosis of ADHD); available results from a psychological evaluation, including a measure of cognitive level and at least one “golden standard” to support clinical diagnosis, the Autism Diagnostic Observation Schedule 2 (ADOS-2) for ASD and Conners’ Parent Rating Scale: Long Edition (CPRS) for ADHD diagnoses. Patients with suspected or ascertained genetic syndrome were excluded from the study.

In the period between September 2018 and June 2019, the Child and Adolescent Neuropsychiatry Unit of Bambino Gesù Children Hospital collected high-quality phenotype data of children who received a diagnosis of ADHD and/or ASD from two large datasets of 250 youths with ADHD and 250 youths with ASD (6–18 years of age). We included in the study 82 IQ- and age-matched individuals: 26 children with ADHD diagnosis, 30 with ASD diagnosis, and 26 with ADHD–ASD co-occurrence.

All the participants included in the database were previously assessed by an experienced multidisciplinary team, who performed an investigation of medical and developmental histories, as well as behavioral and diagnostic evaluations. The diagnoses of ASD and ADHD were based on the fifth version of the DSM; in addition to clinical assessment, ASD diagnoses were supported by the ADOS-2 (Lord et al., 2012). ADHD diagnosis was based on developmental history and extensive clinical examination and further supported by the evaluation of ADHD-related behaviors through the CPRS (Conners, 1997).



Measures


Cognitive Measures

Cognitive development was preferably assessed by Wechsler Intelligence Scale for Children (WISC-IV; Wechsler, 2003). WISC-IV administration provides four different indexes: Verbal Comprehension Index (subtests: similarities, vocabulary, and comprehension); Perceptual Reasoning Index (subtests: block design, picture concepts, and matrix reasoning); Working Memory Index (subtests: digit span and letter–number sequencing); and Processing Speed Index (subtests: coding and symbol search).

In cases of failures in the completion of the WISC-IV for inadequacy of the language, mainly children with ASD, or for lack in attention, mainly children with ADHD, we administered Leiter-3 (Roid et al., 2013) or Colored Progressive Matrices (CPM; Raven et al., 1984), respectively.

The Leiter-3 offers a non-verbal measure of intelligence and evaluates the ability to reason by analogy and by matching and perceptual reasoning in general, irrespective of language and formal schooling. The non-verbal IQ obtained from the Leiter-3 is based on four subtests: Figure Ground, Form Completion, Classification and Analogies, and Sequential Order. CPM is a non-verbal assessment of intelligence. CPM is made up of 36 items appearing as a matrix reasoning test with a piece missing, which reduces the necessity for task instructions, for culture- or experience-dependent abilities, and for other specific abilities as fine motor or speech skills. The individual is asked to identify the correct response that completes the pattern, choosing from six alternative possible response options.

The Griffiths III (Green et al., 2016) was administered in only a few cases, when the child failed to complete the other cognitive scales because of his/her reduced attentional resources. The developmental quotient (DQ) obtained from Griffiths III is based on five subscales: Language and Communication Subscale, Eye and Hand Coordination Subscale, Personal, Social Emotional Subscale, and Gross Motor Subscale. Assessing proficiency in the activities of daily living, level of independence, and interaction with other children were employed as outcome measures.

ADOS-2 (Lord et al., 2012) is a semi-structured assessment tool allowing a systematic and standardized evaluation of the presence of ASD symptoms. It is considered a “gold standard” for collecting standardized and objective information about social communication skills, restricted interests, and repetitive behaviors, although it is insufficient on its own for a diagnosis. ADOS-2 comprises five modules: the Toddler Module for children aged 12–30 months without phrase speech, Module 1 for children aged 31 months and older without phrase speech, Module 2 for children with phrase speech but not verbally fluent, Module 3 for children and young adolescents with fluent language, and Module 4 for older adolescents and adults with fluent language.

Conners’ Parent Rating Scales-Long Version, Revised (Conners, 1997), are broadly used instruments for diagnostic and research purposes in the ADHD field, which can be administered to both parents and teachers. They assess core symptoms as well as symptoms of other behavioral and emotional disorders commonly associated with ADHD (e.g., oppositional behavior) based on DSM-IV-TR (American Psychiatric Association [APA], 1994) criteria (Sparrow, 2010).

The CBCL, Ages 6–18 (Achenbach and Rescorla, 2001) was used to assess comorbid psychiatric symptomatology using parents’ ratings. CBCL items investigate emotional and behavioral problems over the previous 6 months, with three response options (0 = not true, 1 = somewhat or sometimes true, 2 = very true or often true).

The CBCL 6–18 questionnaire consists of two parts: one addressing social competence and the other for assessing emotional and behavioral problems in children aged 4–18 years. In the study, only the latter part was used. The questionnaire includes a 118-item scale yielding several subscales, including syndrome scales (Withdrawn, Somatic Complaints, Anxious/Depressed, Social Problems, Thought Problems, Attention Problems, Delinquent Behavior and Aggressive Behavior, a Total Problem Score) and two broadband scores, Internalizing Problems and Externalizing Problems.

The Internalizing domain incorporates three syndrome scales: Anxious/Depressed, Withdrawn/Depressed, and Somatic Complaints. The Externalizing domain incorporates the Rule-Breaking Behavior and Aggressive Behavior syndrome scales. The Total Problems scale is based on responses to all CBCL items, including Social Problems, Thought Problems, and Attention Problems scales. DSM-oriented scales included affective, somatic, and anxiety problems; ADHD; oppositional/defiant problems; and conduct problem. CBCL also includes three additional scales, the 2007 scales, namely, Sluggish Cognitive Tempo, Obsessive-Compulsive, and Post-Traumatic Stress Disorder scales.

All scales have a t-score mean of 50 and a standard deviation of 10, and different norms are provided for gender across age groups. According to the normative data of the CBCL, a t-score ≤64 indicates non-clinical symptoms, a t-score between 65 and 69 indicates problems rated high enough to be of concern but not overtly deviant, and a t-score ≥70 indicates clinical symptoms. For the subscales “internalizing,” “externalizing,” and “total” problems, a t-score ≤59 indicates non-clinical symptoms, a t-score between 60 and 64 indicates that the child is at risk for problem behaviors, and a t-score ≥65 indicates clinical symptoms.



Statistical Methods


Demographic Variables

Analyses of variances (ANOVAs) were used for group comparisons between the ASD, the ADHD, and the ASD + ADHD groups (age and IQ). The chi-squared test was performed on categorical variables. ADOS-2 comparative scores of ASD and comorbidity groups, as well as CPRS scores of ADHD and comorbidity groups, were compared by means of t-tests.

The following analyses were conducted: descriptive statistics (mean and standard deviations; percentage of non-clinical, borderline, and clinical scores) for 17 CBCL subscales separated for diagnostic group (ASD, ADHD, co-occurrence ADHD and ASD); multivariate analysis of variance (MANOVA) to evaluate the impact of diagnosis on CBCL subscales’ scores, with group (ASD, ADHD, comorbidity) as a between-subject factor and 17 CBCL subscale T-scores as within-subject factors: anxious/depressed, withdrawn/depressed, somatic complaints, social problems, thought problems, attention problems, rule-breaking behavior, aggressive behavior, internalizing problems, externalizing problems, total problems, affective problems, anxiety problems, somatic problems, ADHD, oppositional/defiant, conduct problems; Bonferroni post hoc analyses were conducted; and comparisons across all groups were made. Finally, for the examination of the relationship between age, sex, and T-scores on internalizing and externalizing problems in CBCL subscales, additional Pearson and Spearman correlations were applied.

All statistical tests were based on a significance level of p < 0.05.

Statistical analyses were performed using the Statistical Package for the Social Sciences, version 13.0 (IBM Corp., Armonk, NY, United States).



RESULTS


Demographic and Clinical Features

Demographic features of the sample are summarized in Table 1. As concerns the cognitive measures used for the assessment of the ADHD group, 14 out of 26 youths (54%) were evaluated by means of the WISC-IV, seven (27%) by means of CPM, and the remaining five (19%) by means of Leiter-3, whereas 23 out of 30 youths (77%) belonging to the ASD groups were evaluated by means of Leiter-3, five (17%) were evaluated by means of WISC-IV, and only two children were evaluated through CPM and Griffiths III. Finally, as concerns the ADHD and ASD co-occurrence group, 13 out of 26 youths (50%) were evaluated by means of Leiter-3, eight (31%) were evaluated through WISC-IV, three (11.5%) were assessed through CPM, and two (7%) were assessed by Griffith III.


TABLE 1. Demographic characteristics and cognitive and psychopathological measures of children and adolescents included.
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Psychopathological Profile: Child Behavior Checklist Scores Across Diagnoses

Qualitative representations of the distributions of CBCL in clinical, borderline, and non-clinical scores for each group are provided in Figures 1A,B. Means and standard deviations of the scores in the selected CBCL subscales were calculated for each group (Table 2).
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FIGURE 1. (A,B) Representations of the distributions of CBCL scores (clinical, borderline and non-clinical). Anx., Anxious/depressed; Dep., withdrawn/depression; Soc., social problems; Thought, thought problems; Tot. Probl., Total Problems; Affect. Probl., affective problems; Anx. Probl., anxiety problems; Som. Probl., somatic problems; Opp./Def., oppositional/defiant; Conduct, conduct problems.



TABLE 2. Group differences on CBCL scales (means and standard deviations).
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Bonferroni post hoc analyses were conducted; comparisons across all groups were made. As expected, comparisons between ADHD and ASD groups were statistically significant (p ≤ 0.001) for all the considered CBCL scales. Depression, Somatic Problems and Somatic Complaints scales did not significantly differ between the two groups (p > 0.05). Comparisons between the ADHD and the co-occurrence ADHD-ASD groups revealed statistically significant differences in the following scales: Anxiety (p = 0.006), Attention (p = 0.029), Rule-Breaking Behavior (p < 0.000), Aggressive Behavior (p < 0.000), Externalising Problems (p < 0.000), Total Problems (p < 0.000), Affective Problems (p = 0.001), ADHD (p < 0.000), Oppositional/Defiant (p < 0.000), and Conduct Problems (p < 0.000). Comparisons between co-occurrence ADHD–ASD and ASD groups revealed statistically significant differences in the following scales: Thought Problems (p = 0.003), Attention (p = 0.008), Aggressive Behavior (p = 0.047), Externalising Problems (p < 0.000), Total Problems (p = 0.001), ADHD (p < 0.000), and Conduct Problems (p = 0.016).



DISCUSSION

The main aim of the present study was to characterize a psychopathological and behavioral profile of the co-occurring ADHD–ASD phenotype.

We analyzed three subgroups of a large dataset of outpatients diagnosed for ADHD, ASD, and the ADHD–ASD co-occurrence groups at the Child and Adolescents Psychiatric Unit at the Bambino Gesù Children’s Hospital in Rome.

The new DSM-5 (American Psychiatric Association [APA], 2013), allowing for a dual diagnosis, has contributed to the increasing interest of clinical researchers studying the comorbid phenotype. We learned by several previously reported authors (Ronald et al., 2008; Simonoff et al., 2008; Banaschewski et al., 2011; Lai et al., 2014; Lecavalier et al., 2019) that ADHD and ASD frequently co-occur.

Our results showed that in the co-occurrence ADHD–ASD phenotype, the externalizing dimensions, obtained from the CBCL Externalizing Problems scales, as well as Thought Problems, Attention scores, Aggressive Behaviors, ADHD scores, and Conduct Problems are higher than those in the ASD group but lower than those in the ADHD group. Our preliminary findings revealed that the externalizing symptom scales of the CBCL scores significantly differed between the co-occurring ADHD–ASD group and the other two groups. This finding supports the hypothesis of the existence of an intermediate and independent phenotype between ADHD and ASD, which seems to be defined by the externalizing problems dimension.

Furthermore, we found that a representative prevalence of the internalizing problems, as well as Depression, Somatic Complaints, and Somatic Problems scales obtained from the CBCL, does not significantly differ between the co-occurring ADHD–ASD phenotype and the other two groups. This finding means that internalizing problems may overlap across the three groups.

Our findings also confirm the high sensitivity of the CBCL for the internalizing symptoms previously described around 30%, in line with Guerrera et al. (2019). This result confirms that CBCL is a specific instrument to measure internalizing symptoms in ASD.

Our study has some limitations. First, our analyses examined a limited number of children and adolescents with the co-occurring ADHD–ASD phenotype. Therefore, we look at our results as preliminary findings, and we are working to expand the size of each group. Furthermore, in this study, we evaluated the differences across groups. Thus, future studies using dimensional analyses focused on internalizing and externalizing symptom dimensions and in groups with a bigger sample size are needed. Moreover, this is a retrospective study using diagnostic tools according to parental judgment. So, future studies will have perspective designed with a consistent long-term follow-up. Finally, parents alone completed CBCL, while collecting reports from both parents and teachers may be more informative. Also, in the current study, we did not have any report about the adaptive behaviors nor interviews led by clinicians [i.e., Kiddie Schedule for Affective Disorders and Schizophrenia (K-SADS)] which may explain what symptom associated with ASD and ADHD is the most disabling. In the next studies, reports from teachers and interviews led by clinicians will be included to integrate parent’s reports and as a measure of the adaptive behaviors.



CONCLUSION

In summary, results suggested that CBCL has been confirmed to be a very accurate instrument to detect the psychopathological, symptoms, and emotional and behavioral profile of the associated comorbidities in children and adolescents with ASD, ADHD, and the co-occurrence condition.

Our preliminary findings suggested the existence of an intermediate and independent phenotype between ADHD and ASD that seems to be defined through the externalizing symptom dimensions.

Further studies are needed to analyze the overlap of symptoms in the three groups with dimensional analyses and in order to reinforce the current results.
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Attention problems hinder many children in their cognitive and social emotional development. Children at risk for developmental problems, like preterm born infants, are specifically known for attention difficulties. Early identification of attention difficulties is important for application of appropriate stimulation in trying to reduce further problems. Specifically designed instruments with good psychometric characteristics are needed to show difficulties in attention, that may contribute to early identification. The Utrecht Tasks of Attention in Toddlers using Eye tracking (UTATE) is an instrument to measure orienting, alerting and executive attention capacities in young children. Reliability and validity of the UTATE are specifically addressed in three studies, reported in this paper. A sample of 95 term born children assessed at 18 months of age was used that provided data for both the second and third study reported here. In addition, three other small samples were used, of which the first consisted of 12 children at 18 months with test-retest data available that are reported in the first study. Two other samples that were used in the third study, consisted of 14 children measured at 12 months, and 15 children examined at 24 months. The UTATE resulted in reliable information on eye movements and some first support for construct and predictive validity was found. Low scores on the UTATE at 18 months were found to be related to slower cognitive development as measured with the Bayley-III-NL at 24 months. Furthermore, a first indication that the UTATE is able to detect some age differences in attention was found. It is concluded that the UTATE can be used to study attention capacities in toddlers that underlie cognitive functioning and development, but further research is necessary.
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INTRODUCTION

Many children experience problems in attention development (e.g., Mahone and Schneider, 2012). While development of attention capacities starts already early in life, problems are usually not recognized before school entry (Ruff and Rothbart, 1996; Atkinson and Braddick, 2012). To be able to detect attention problems at an earlier age, reliable and valid measures are needed, that objectively measure attention capacities. For this reason, the Utrecht Tasks for Attention in Toddlers using Eye tracking (UTATE) was developed (De Jong et al., 2016b). The UTATE consists of four tasks that are administered on an eye tracker and intends to measure functioning of three theoretically distinguished attention systems: orienting, alerting, and executive attention (Posner and Petersen, 1990). Orienting concerns the ability to activate attention and shift between visual targets, as becomes evident by relocating the gaze (Posner and Petersen, 1990; Atkinson and Braddick, 2012). Alerting is a skill that consists of the ability to attain and sustain attention for important cues in the environment. Executive attention is considered to be a more internal and endogenous system of attention, which entails directed attention and inhibition of behavior (Colombo, 2001; Atkinson and Braddick, 2012).

Several studies provided information regarding reliability and validity of the UTATE. In a pilot study was shown that the UTATE was feasible for use with 18-month-old children: the toddlers cooperated well during the procedure, and the data was of good quality and measured individual variation (De Jong et al., 2016b). Furthermore, sufficient split half reliability was found (De Jong et al., 2015, 2016b). In a second study, factorial validity of the UTATE was shown by a confirmatory factor analyses providing evidence for three underlying factors (i.e., orienting, alerting, and executive attention), as was expected based on the theory underlying the design of the tasks (De Jong et al., 2016a). Another study showed first evidence for clinical validity as the UTATE differentiated between a group of children at risk for attention difficulties (i.e., preterm children) and a typically developing group of children (De Jong et al., 2015). Further evaluation of the potential and the psychometric characteristics of the UTATE is important, also to allow other researchers to use our information regarding studies with eye tracking to evaluate attention capacities in toddlers and perhaps even develop improved instruments based on the UTATE. Therefore, the test-retest reliability (the focus of study 1) as well as the convergent, divergent and predictive validity (the focus of study 2) and an exploration of the results at different ages (the focus of study 3) of the UTATE are reported in the current paper.

Reliability indicates the consistency of an instrument, which can be measured in different ways, like split half reliability and test-retest reproducibility. Split-half reliability is a measure of the internal consistency of an instrument. For the UTATE, split-half reliability was studied by deriving the outcome variables separately for the even and odd numbered trials of the tasks. The correlation between the variables of the even and odd numbered trials indicated the strength of reliability (Field, 2009). Although this method already gave a first impression of reliability of the UTATE for toddlers at the age of 18 months, a drawback was that due to splitting the data, only half of the data is used to compute split-half reliability. In addition, for one of the tasks (i.e., delayed response task), making an appropriate split was not possible due to one of the outcome variables that could not be evenly divided among even and odd numbered trials. Therefore, another type of reliability of the UTATE will be investigated in this paper, again with toddlers at the age of 18 months, in study 1: test-retest reliability. Test-retest reliability is a measure of consistency and is examined by administering an instrument twice within a short time span, like 2 weeks, which is especially important for a construct as assessed by the UTATE, as attention skills in early infancy and toddlerhood are subjected to developmental and maturational changes. Strong correlations between measurements at two moments within a short period of time, is seen as proof of test-retest reliability.

Construct validity refers to the ability of an instrument to actually measure a certain construct (Cohen and Swerdlik, 2010), in this case attention. To determine the construct validity, both convergent and divergent validity have to be found and these will be addressed in study 2. Convergent validity indicates that a measure is equally suitable in identifying attention skills as other measures of attention (Cohen and Swerdlik, 2010). To investigate convergent validity, the orienting system as measured by the UTATE will be compared with mother-reported attention shifting skills of toddlers. The alerting system as measured by the UTATE will be compared to mother-reported attention focusing skills, and to observed on-task persistence of the toddlers during a free and structured play setting, coded by trained professionals. The executive attention system as measured by the UTATE is compared to mother-reported effortful control: a temperament dimension suggested to be closely related to executive attention (Rothbart et al., 2007). A moderately sized correlation between the UTATE and other measures of attention, evaluated with different kinds of instruments, is seen as proof of convergent validity. Divergent validity is accepted when the attention systems as measured by the UTATE are not, or less strongly related to constructs not supposed to reflect attention (Cohen and Swerdlik, 2010). As attention capacities underlie many cognitive activities, it is difficult to determine constructs to which it might not be related (Atkinson and Braddick, 2012). The orienting, alerting and executive attention systems of the UTATE will be compared to mother-reported social-emotional functioning and communication skills, with which no, or only weak relationships are expected.

Predictive validity of the UTATE will be found when the attention systems are related to measures of attention capacities and developmental outcome based on attention capacities, like cognitive capacities at older ages. For all three attention systems, predictive validity is studied by comparing the UTATE measure at 18 months of age to cognitive functioning assessed with a developmental test at 24 months of age in study 2. Next to that, orienting, alerting, and executive attention were compared to respectively mother-reported attention shifting, attention focusing, and effortful control measured at 24 months of age.

Part of validity of an instrument is also whether it is able to detect expected developmentally specific patterns. Although there are no studies that empirically tested the development of orienting, alerting, and executive attention during the second year of life, theoretically it is expected that attention capacities change and improve during the first years of life (e.g., Ruff and Rothbart, 1996). In study 3, we explore whether the UTATE is feasible for use with 12- and 24-month-old children. In addition is studied if the UTATE is capable of detecting age differences in attention skills by comparing the performance of 12-, 18-, and 24-month-old children. In this way a first impression of the potential of the UTATE in studying age related development of attention capacities is presented.



STUDY 1 – RELIABILITY


Research Question

To what extent is the performance on the UTATE related to performance on the UTATE within the following 2 weeks? In other words, is the test-retest reliability of the UTATE adequate?



Materials and Methods


Participants and Procedure

The participants for this study formed a convenience sample and they were acquired by students in their own network, who asked parents with children aged around 18 months to participate in this study consisting of two assessments with the UTATE and answering a short questionnaire on demographic background characteristics. Parents and caretakers considered the children to be healthy at the time of assessment. One of the children could only be assessed once, because of an unexpected holiday at the second appointment. The sample with data for both measurements consisted of 12 healthy Dutch children aged 16–22 months (M = 19.00, SD = 1.86, 41.7% boys). The UTATE was administered twice with, on average, 8 days in between (M = 8.33 days, SD = 2.93, range 6–15). The UTATE was administered in a lab setting (n = 1), at their child care centre (n = 8), or at home (n = 3). For all children, the location was the same at the first and second measurement moment.

The research project was approved by the Medical Ethical committee of the University Medical Centre Utrecht. All parents gave informed consent for their child’s participation.



Measures


UTATE

The UTATE consists of four tasks: (1) In the disengagement task, a stimulus was first presented at the center of the screen, and after 2 s a second stimulus appeared at the left or the right side of the central stimulus. This task included 20 trials. (2) In the face task, first two pictures of identical child faces were shown, and after 8.5 s one of the pictures changed into a new picture and stayed on the screen together with the previously shown picture for 8 s. This task consisted of eight trials. (3) In the alerting task, a stimulus was presented on the screen for 32 trails and in half the trails, this was preceded by a signaling sound. (4) In the delayed response task, a dog was hiding in one out of two doghouses and the child was asked to search for the dog. This is the only task that makes use of an instruction for the child. A voice-over directs the child toward a dog on the screen and tells the child the dog wants to play “hide-and-seek.” The child is told to pay attention, because the dog is going to hide himself. The dog moves to one of two doghouses for 1000 ms, before he disappears. A worm pops up in the center of the screen, accompanied by a little music, to distract the child from the dog houses, and after a delay the child is asked to search for the dog by a voice-over. This task consisted of 18 trials, in which the delay increased with 2 s after three trials, from 0 to 10 s. Details regarding the instrument, apparatus and procedure are described in De Jong et al. (2016b) and in the manual (see Supplementary Material). Fixations were classified with the method described in Hooge and Camps (2013). Thirteen variables were derived from these tasks (see Tables 1, 2). The whole procedure to do the UTATE took about 18 min. Please, also see our manual concerning the procedures we used in the Supplementary Material.


TABLE 1. Descriptions of the variables from the four eye-tracker tasks.

[image: Table 1]

TABLE 2. Means and standard deviations at the first and second measurement moment and test-retest reliability: correlations between the variables measured at the first and second moment.
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Statistical Analyses

As test-retest reliability cannot be computed for latent constructs which have to be derived for each sample separately, Pearson’s correlations were computed between the 13 variables that were derived from the UTATE at the first and second measurement moment. The 13 variables are ordered by the latent constructs on which they load (De Jong et al., 2016a). We adopt the criteria used in previous studies including neurocognitive tasks, where correlations between 0.50 and 0.70 were interpreted as “adequate reliability” and above 0.70 as “good reliability” (Kindlon et al., 1995; Kuntsi et al., 2001; Karalunas et al., 2016). SPSS version 25.0 was used for the analysis with α set at 0.05, one tailed, in view of the expected positive correlations. Post-hoc power analyses were done using the G∗Power tool, version 3.1.9.7 (Faul et al., 2009).




Results

The means, standard deviations and correlations between the variables at both measurement moments as well as the power of the results are presented in Table 2 for each attention system.


Orienting

For the variables that measure functioning of the orienting system, test-retest reliability was good for transition rate in the disengagement task (r = 0.85) and adequate for mean dwell time and proportion of correct refixations in the disengagement task (r = 0.55 for both variables). For latency in the disengagement task and mean dwell time in the face task, the correlations were slightly below the cut-off of 0.50 (i.e., r = 0.46 and 0.49, respectively). For transition rate in the face task, the test-retest reliability was low with a correlation of −0.07.



Alerting

For the alerting variables, test-retest reliability was good for total dwell time in the alerting task (r = 0.79) and total dwell time in the delayed response task (r = 0.86). Test-retest reliability was adequate for total dwell time in the face task (r = 0.53) and slightly below cut off for total dwell time in the disengagement task (r = 0.49). For latency difference in the alerting task, test-retest reliability was low with a correlation of 0.21.



Executive Attention

Test-retest reliability was good for number of correct searches in the delayed response task (r = 0.71) and adequate for mean delay in the delayed response task (r = 0.63).




Discussion

In this study, test-retest reliability of the UTATE was examined by studying the relationship of the variables from the tasks that underlie the three latent factors, orienting, alerting, and executive attention. Results of the current study showed for the orienting measures adequate to good reliability for 3 out of 6 variables, reliability slightly below cut off for two variables and low reliability for one variable. For the alerting measures, adequate to good reliability was found for 3 out of 5 variables, slightly below cut off for one and low for one variable. Reliability was adequate to good for both variables that measure executive attention.

The goal of this study was to get additional information regarding reliability of the UTATE, next to the previously examined split-half reliability (De Jong et al., 2015, 2016b). This is needed as split-half reliability is not the best method to investigate reliability for every variable, for example because of lack of variation (i.e., proportion of correct refixations) and the inability to make an appropriate split (i.e., mean delay in the delayed response task). This suggestion is supported by the finding that for both of these variables test-retest reliability was adequate to good. When information from split-half reliability and test-retest reliability are combined, reliability was adequate to good for 5 out of 6 orienting measures. For latency in the disengagement task, test-retest reliability was slightly below cut off and split-half reliability was moderate. This indicates that the measure of orienting is a reliable measure, as the reliabilities of the variables from which this measure is constructed were mostly adequate to good. For the alerting measure, the same can be concluded as reliabilities were adequate to good for 4 out of 5 measures.

Reliability was low for one measure underlying the orienting factor, transition rate in the face task. As the means for this variable were almost the same on both measurement occasions and the standard deviation were not large, the variation in scores may have been too small to show a clear relationship over time. Reliability was also low for latency difference in the alerting task and this variable previously was found to show a very small factor loading (De Jong et al., 2016a). The alerting system is thought to reflect the ability to achieve and maintain a state of alertness (Posner and Petersen, 1990). Whereas most variables of the alerting system especially reflect sustained attention, latency difference specifically reflects the ability to achieve a state of alertness. The variation in achieving a state of alertness at two different measurement moments, apparently is large and it seems to differ from the ability to maintain it at both times. As we previously found that an extra analysis with the variables with non-significant factor loadings excluded, also resulted in a model with good fit indices, we have kept these variables in our models for theoretical reasons and it was expected that this had little influence on the measure of alerting (De Jong et al., 2015). For further study of the attention capacities of toddlers the latent factors are considered to be of greater importance than the variables of all tasks separately.

Finally, the executive attention measure can be considered reliable as reliabilities of both variables were adequate to good.

Limitation of the current study is the small sample size (n = 12). Although in a previous study we found almost similar results regarding split-half reliability in a pilot sample of 16 and the full sample of 196 children (De Jong et al., 2015, 2016b), further research is needed with larger samples to confirm our findings with respect to test-retest reliability.

In sum, reliability was adequate to good on at least one of the two methods (i.e., split-half reliability and test-retest reliability) for 11 out of 13 variables of the UTATE. This study showed that a combination of different types of reliability assessment provides a more complete picture of the reliability of an instrument, as one type of reliability measure does not suite every variable. For further studies we suggest to use the three latent factors of orienting, alerting and executive attention capacities and not the separate variables of the tasks that constitute those factors. Based on our findings we conclude that, overall, the UTATE is a reliable instrument.




STUDY 2 – CONVERGENT AND PREDICTIVE VALIDITY


Research Question

To what extent are the results of the UTATE related to other measures of attention at 18 months of age and to attention and cognitive functioning 6 months later at 24 months of age?



Materials and Methods


Participants and Procedure

This study is part of an ongoing longitudinal project on the development of preterm children, the STAP Project (i.e., Study on Attention of Preterm children). The original sample size calculations were based on the possibility of detecting group differences of at least 0.5 standard deviation, while taking into account potential attrition over the years. With a power of 0.80 and an alpha set at 0.05, this analysis showed that at least 64 children should participate in each group.

Here, it concerns the term born children with a gestational age of ≥37 weeks, born in four hospitals in and around Utrecht. Their parents were invited by letter from their midwives when their child was 10 months old, to participate in the study. The participating children were all born between March 2010 and April 2011. Exclusion criteria were dysmaturity [i.e., birth weight below 10th percentile according to Dutch reference curves from Stichting Perinatale Registratie Nederland (now Perined)1 ], multiple births, admission to a tertiary Neonatal Intensive Care Unit, severe congenital malformations, antenatal alcohol or drug abuse by the mother, and chronic antenatal use of psychiatric drugs by the mothers.

When the children were 18 and 24 months of age, the mothers were asked to answer questionnaires concerning the development and behavior of their children and their parenting behavior. When the children were 18 months, they visited our lab for an evaluation of attention capacities by means of an eye tracking procedure and an observation of mother-child interaction. At 24 months of age (Wave 2), the children and their mothers visited our lab or the hospitals where they were born for a developmental assessment. The visits were planned in such a way that these would not interfere with the children’s sleeping schedules. The eye tracking procedure is described in detail in De Jong et al. (2016b). After the eye tracking procedure, the mothers were asked to play with their child for 15 min: 5 min of free play and 10 min of structured play (i.e., reading a book and making a puzzle, both for 5 min). The interaction was videotaped and coded afterward.

The research project was approved by the Medical Ethical committee of the University Medical Centre Utrecht. All parents gave informed consent for their child’s participation. At the end of the visits for each wave the child received a present. Parents were reimbursed for their travel expenses.

The sample reported on consist of the 95 term born children who had data available for the UTATE at 18 months of age. They were Dutch children, 44.2% boys, aged around 18 months (M = 17.54, SD = 0.50) at Wave 1, and 24 months (M = 23.85, SD = 0.46) at Wave 2. Complete data were available for 89 children. Missing data appeared for the ASQ communication dimension for one girl; one boy and two girls could not be assessed with the Bayley-III-NL and four children (three girls and one boy) did not have ECBQ data available. In total six children (two boys and four girls) had some missing data, and they did not differ from the other 89 children: F(2, 92) = 0.855, p = 0.429, partial η2 = 0.018, in gestation at birth [40.0 (0.60) vs. 39.1 (1.01) weeks], nor in birth weight [3645 (482) vs. 3569 (458) grams]. The parents of the participating children described them as healthy and did not express specific worries about their functioning.



Measures


Attention Capacities


UTATE

The UTATE was administered in a lab setting when the child was 18 months of age, see description above. In this study, the scores on the 13 variables of the UTATE were reduced to scores on three latent constructs (i.e., orienting, alerting, and executive attention). The scores on these latent constructs were computed using the model described in De Jong et al. (2016a). For all constructs, higher scores were considered to be indicative of better attention skills.



Mother-child interaction

Mother-child interaction was observed when the child was 18 months old during both a free play (i.e., 5 min) and structured play setting (i.e., 10 min). Regarding the child’s attention behavior during mother-child interaction the on-task persistence subscale of the Coding Interactive Behavior system (CIB; Feldman, 1998), was coded by independent coders who were trained by a certified CIB user (MdJ). On-task persistence is defined as the persistence of a child to continue one task until it is finished and was coded separately during the free play and structured play situation. Scores ranged from 1 to 5, with 1 being a low level and 5 being a high level of on-task persistence. Interrater reliability was good with an intra class correlation of 0.76 based on 21% double coded videos. Validity of the CIB has been confirmed with multiple samples (e.g., Feldman and Klein, 2003).



Early Childhood Behavior Questionnaire (ECBQ)

The attention focusing and attention shifting subscales of full version of Early Childhood Behavior Questionnaire (ECBQ; Putnam et al., 2006) and the effortful control scale of the very short version of the ECBQ (ECBQ-VSF) were answered by the mothers when the child was 18 and 24 months of age. The attention focusing (e.g., “When playing alone, how often did your child become easily distracted?”), attention shifting (e.g., “After having been interrupted, how often did your child return to a previous activity?”) and effortful control (e.g., “When told ‘no’, how often did your child stop the forbidden activity?”) subscales consist of 12 questions each with scores ranging from 1 to 7. One indicates that a child “never” exhibited the behavior referred to in the question during the last 2 weeks and seven indicates “always.” A high score on the subscales indicates that a child has better attentional abilities. The ECBQ scales were reliable at both ages (Cronbach’s α = 0.68–0.83).




Communication skills and social emotional development


Ages and Stages Questionnaires (ASQ)

The communication scale of the Ages and Stages Questionnaire (ASQ; Squires and Bricker, 2009) was used when the toddlers were 18 months of age. The scale consists of six items (e.g., “When your child wants something, does she tell you by pointing to it”), with answering categories “yes,” “sometimes,” and “not yet.” A high sum score on the six items means better skills. The ASQ has been found valid and reliable (Squires and Bricker, 2009; Gollenberg et al., 2010).



Ages and Stages Questionnaire – Social-Emotional (ASQ-SE)

The ASQ-SE was filled out by mothers when their child was 18 months of age. The ASQ-SE asks about the social emotional development of the child (e.g., “Does your child like to be around other children”) using 29 items with answering categories “most of the time,” “sometimes,” and “rarely or never.” A sum score on the 29 items is used as measure of social-emotional functioning, with lower scores indicating better functioning. The questionnaire has been found valid (Squires et al., 2002).





Developmental Level


Bayley-III-NL

At 24 months of age the Dutch version of the Bayley-III, the Bayley-III-NL (Bayley, 2006; Van Baar et al., 2014), was used to assess the developmental level of the children. The Bayley-III –NL consists of five subtests: Cognition, Fine Motor, Gross Motor, Receptive Communication, and Expressive Communication. In the current study, only the score on the Cognition subtest was used. The Cognition subtest is intended to measure sensorimotor development, exploration and manipulation, object relatedness, concept formation and memory. Items include, for example, searching for a hidden object and making puzzles. The index score based on Dutch norms was used, which has a mean of 100 and a SD of 15 (Van Baar et al., 2014). The reliability and validity of the Bayley-III-NL is good with 0.87 for the cognition index and 0.90 for both the language and motor index scores (Van Baar et al., 2014).



Statistical analyses

To assess the relationships between the three attention systems as measured by the UTATE and the other measures, Pearson product-moment correlations were computed. In line with Cohen’s (1988) standard, correlations between 0.10 and 0.29 are interpreted as a small association, between 0.30 and 0.49 as a medium association, and above 0.50 as a large association. Predictive validity was also explored in a subgroup of children with low scores on the UTATE, reflected by a score that was more than one standard deviation below the mean, in order to evaluate the potential for identifying children with difficulties in attention. It was studied if this subgroup with low scores differed from the other children on mother-reported attention measures and the cognition scale of the Bayley-III-NL at 24 months of age according to a one-way analysis of variance. Effect sizes are presented as partial η2, with values of ≤0.02 seen as small, 0.02–0.13 as medium and ≥0.26 as large (Draper, 2020). SPSS version 25.0 was used for the analyses and alpha was set at 0.05.





Results


Orienting


Convergent validity

The orienting system as measured by the UTATE was found to be significantly related to mother-reported attention shifting, r = 0.21, p = 0.048, with a small effect size.



Divergent validity

The orienting system of the UTATE was not related to mother-reported communication skills, r = 0.02, p = 0.85. A small association, but not significant, was found between the UTATE and social-emotional skills, r = −0.18, p = 0.09.



Predictive validity

No correlation was found between orienting system of the UTATE at 18 months of age and mother-reported attention shifting, r = 0.09, p = 0.40, and a small, but not significant correlation was found for cognitive functioning, r = 0.19, p = 0.06 at 24 months of age for the total group. When comparing the subgroup with low scores for orienting on the UTATE (n = 10) with the subgroup with normal scores (n = 85), a significant difference with a medium effect size was found on cognitive functioning with the subgroup with low scores on the UTATE performing worse than the subgroup with normal scores on the UTATE, F(1, 91) = 7.15, p = 0.01, partial η2 = 0.07 (see Table 3). No differences were found between the subgroups on mother-reported attention shifting at 24 months of age, F(1, 89) = 0.21, p = 0.65, partial η2 = 0.002.


TABLE 3. Subgroups of children with low or normal scores on the UTATE attention systems and their mother-reported attention skills and outcome at the Bayley-III-NL Cognition scale.
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Alerting


Convergent validity

The alerting system as measured by the UTATE was significantly related to observed on-task persistence in a structured play setting, r = 0.25, p = 0.02, with a small effect size. No relations were found between the alerting system of the UTATE and both mother-reported attention focusing and observed on-task persistence in a free play setting.



Divergent validity

The alerting system of the UTATE was not related to mother-reported communication skills, r = −0.05, p = 0.64. A small and not significant correlation was found between the UTATE and social-emotional skills, r = −0.18, p = 0.08.



Predictive validity

Small and not significant correlations were found between the alerting system measured by the UTATE at 18 months of age and both mother-reported attention focusing, r = 0.19, p = 0.08, and cognitive functioning, r = 0.18, p = 0.08, at 24 months of age. When comparing the subgroup with low scores for alerting on the UTATE (n = 14) with the subgroup with normal scores (n = 81), a significant difference with a small to medium effect size was found on cognitive functioning with the subgroup with low scores on the UTATE performing worse than the subgroup with normal scores on the UTATE, F(1, 91) = 4.42, p = 0.04, partial η2 = 0.05 (see Table 3). No differences were found between the subgroups on mother-reported attention shifting at 24 months of age, F(1, 83) = 0.38, p = 0.54, partial η2 = 0.004.




Executive Attention


Convergent validity

No relation is found between the executive attention system measured with the UTATE and mother-reported effortful control, r = 0.03, p = 0.78.



Divergent validity

The executive attention system of the UTATE was not related to mother-reported communication skills, r = −0.13, p = 0.22, and not to social-emotional skills, r = −0.02, p = 0.86.



Predictive validity

Executive attention measured with the UTATE at 18 months of age was not related to mother-reported effortful control, r = −0.02, p = 0.86, and cognitive functioning, r = 0.05, p = 0.63, at 24 months of age. Comparing the subgroup with low scores for executive attention on the UTATE (n = 12) with the subgroup with normal scores (n = 83) showed no significant difference on both cognitive functioning, F(1, 91) = 0.69, p = 0.41, partial η2 = 0.01, and mother-reported effortful control, F(1, 83) = 0.04, p = 0.85, partial η2 = 0.000 (see Table 3).





Discussion

This study concerned the convergent, divergent and predictive validity of the recently developed UTATE, intended to measure the orienting, alerting and executive attention systems of toddlers. For the orienting system of the UTATE, convergent validity was confirmed by the significant correlations between the UTATE and mother-reported attention shifting, although this was only a weak relationship. Divergent validity, which was accepted when the correlations were not significant, or showed less strong relationships between instruments supposed to measure different constructs, was partly confirmed as the correlation between orienting and communication and between orienting and socio-emotional skills was not significant. Furthermore, important evidence for predictive validity was found as a low score on the UTATE was predictive of lower scores on cognitive functioning 6 months later. This relationship was not seen in the continuous correlations between the UTATE and the Bayley scores, but it became clear when the results of children with low scores vs. those with better scores on the UTATE, were compared regarding their Bayley outcome results. The subgroup differences appeared to be even 9.5 index points, more than half a standard deviation on the Bayley-III-NL, the golden standard in measuring child development.

The alerting system of the UTATE was positively related to observed on-task persistence during a structured play setting. No relation was found with observed on-task persistence during a free play setting and mother-reported attention focusing. Therefore, convergent validity was partly confirmed. Divergent validity for the alerting system was also partly confirmed as the correlation between the UTATE communication was not significant and also the correlation with socioemotional skills was non-significant. As with the orienting system, evidence for predictive validity was found as a low score on the alerting system of the UTATE was predictive of an almost 7 points lower average in cognitive functioning 6 months later, again showing a relation between the UTATE and the Bayley-III-NL.

Although we did find evidence for convergent validity for the orienting and alerting system, the effect sizes were relatively small. This might be due to differences in the types of instruments used in the comparison. For example, parental questionnaires are not always reliable in capturing the subtle differences in such domains as visual orienting and this could reduce, in turn, the convergent validity with an eye-tracking measurement of visual orienting, which can be seen as more rigorous. In addition, while the UTATE consists of computerized tasks performed in a lab situation, the questionnaires concerned behavior in a home-setting judged by the mother over a longer period of time. The observations (i.e., alerting system) were done by an independent observer, but measured in a lab setting at one moment. This might result in measuring functioning of different types of attention. Unfortunately, as yet there seems to be no alternative instrument that measures functioning of the orienting and alerting system in this age group in the same way as the UTATE that could be used for validation, which was the main reason for developing the UTATE. For older children, computerized tasks to measure functioning of the three attention systems do exists, such as the child version of the attention network test (child-ANT) for children above 6 years of age (Rueda et al., 2004). To further confirm validity, future research might investigate how performance on the UTATE is related to later performance on computerized tests that measure attention capacities, such as the child version of the Attention Network Test (child-ANT; Rueda et al., 2004), the Early Childhood Attention Battery (ECAB; Breckenridge et al., 2013), or the COTAPP (Rommelse et al., 2016).

For both orienting and alerting, divergent validity was partly confirmed, as there was no relation with communication skills, but a small relation with social-emotional skills. As already mentioned in the introduction, it is difficult to find developmental constructs that are not related to attention capacities. The small relation between the UTATE and social-emotional skills might have to do with the fact that one of the domains that is measured is self-regulation, of which attention capacities are part of (e.g., Rothbart et al., 2006).

For the executive attention system, support of divergent validity was found as the executive attention system of the UTATE was not related to both communication and social-emotional skills. No support was found for convergent and predictive validity. To investigate convergent validity, we compared the UTATE to mother-reported effortful control. Although previous research suggested that this temperamental dimension is closely related to executive attention (Rothbart et al., 2007), it is not exactly the same. There are, however, as far as we know, no other measures of executive attention that could be used to confirm convergent validity in this age group. For slightly older children, aged above 2 years, tasks to measure executive functioning do exists and might be used in future research to confirm validity of the executive attention measure of the UTATE.

In sum, in this study different attention capacities as measured with the UTATE that uses eye tracking of looking behavior, were compared to outcomes based on other instruments like mother-reported questionnaires, observations and test results. The findings showed some initial support for convergent, divergent, and predictive validity for the orienting and alerting system measured with the UTATE, and for divergent validity of the executive attention system.




STUDY 3 – ATTENTION MEASURED WITH THE UTATE AT DIFFERENT AGES


Research Question

Is the UTATE feasible for 12- and 24-month-old children? And are there differences in performance of 12-, 18-, and 24-month-old children? Some first information is presented here on partially small samples, in order to explore these research questions and to provide some first guidance for future studies.



Materials and Methods


Participants and Procedure

The participating children for this study who were aged around 12 months and who were aged around 24 months, were acquired by students in their own network, who asked their parents to collaborate. This study consisted of one assessment with the UTATE and answering a short questionnaire on demographic background characteristics. For the age group at 18 months, data of the UTATE were used from study 2, as described above. Parents and caretakers considered the children to be healthy at the time of assessment. The sample consisted of 14 children aged around 12 months (M = 12.07, SD = 0.73, 50.0% boys), 95 children aged around 18 months (M = 17.54, SD = 0.50, 44.2% boys), and 15 children aged around 24 months (M = 23.67, SD = 0.49, 80% boys).

The research project was approved by the Medical Ethical committee of the University Medical Centre Utrecht. All parents gave informed consent for their child’s participation. At the end of the lab visit the child received a present. Parents were reimbursed for their travel expenses.



Measurement Instruments


Feasibility

Not only the fact if it was possible to get eye tracking data with the UTATE but also the qualitative circumstances of this measurement for the toddlers themselves were considered important. Feasibility was examined by a qualitative observation of the video tapes of the 12- and 24-month-old children’s faces and behavior during the UTATE procedure. One of us (MdJ) watched all videotapes and gave a description of the children’s behavior. She described whether calibration could be done, to what extent the children stayed seated and moved in their seats, whether they talked or got fuzzy or cried or needed comforting, whether they actually looked at the screen, whether they remained in the car seat or needed to be placed on their caretakers lap. Next to this qualitative impression we checked whether the children could actually provide data for all four tasks of the UTATE.



UTATE

The UTATE was administered when the child was 12, 18, or 24 months of age, see description above (Study 1).




Data Analysis

To examine differences in performance of the three age groups, first the graphical display of the mean scores per age group will be inspected to investigate whether the expected improvement in scores is shown, because of the relatively small sample sizes in the 12- and 24-month-old groups. Additionally, the performances of the three groups of children are compared using three univariate analyses of variances (ANOVAs) for the three latent constructs. Effect sizes are presented as partial η2, with values of ≤0.02 seen as small, 0.02–0.13 as medium and ≥0.26 as large (Draper, 2020). LSD post-hoc analyses are used to investigate which of the groups statistically differs from each other.




Results


Feasibility: Cooperation of the Children and Circumstances During the UTATE

Of the 12-month-old children, all 14 provided data on all four tasks. In the group of 24-month-olds, data on all four tasks was available for 13 of the 15 children. The two children with incomplete data both missed data on two tasks due to refusal to participate.

There were no cases of calibration failure.

During the UTATE procedure, children were preferably placed in a car seat to constrain them somewhat in their movements. Three 24-month-old children refused to sit in the car seat beforehand and were placed on their parents’ lap. Two children, one 12-month-old and one 24-month-old, changed position (i.e., from car seat to parents’ lap) during the procedure because of refusal to sit in the car seat: one child between the disengagement and face task, and one child between the face and alerting tasks.

Viewing the video recordings showed that both 12- and 24-month-old children generally sat at ease, looked at the screen with interest most of the time, moved a bit with the sounds and sometimes looked at their parents. All in all, most children showed to be able to cooperate and they looked at the tasks frequently enough to provide data for calibration and task performance.



Performance on the Tasks

The means and standard deviations on the variables are presented per age group in Table 4 and graphically in Figure 1.


TABLE 4. Means and standard deviations on the UTATE variables for the separate age groups.
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FIGURE 1. Scores on the latent constructs per age group.



Orienting

Figure 1 shows that 18-month-olds performed (slightly) better on orienting than both 12- and 24-month-olds. The latter two groups showed a similar performance. These differences were not statistically significant, F(2, 121) = 1.53, p = 0.22, partial η2 = 0.03.



Alerting

For alerting, Figure 1 shows less alerting for children of 12 months than for children of 18 months of age, but no difference between children of 18 and 24 months of age. As with orienting, the differences between the groups were not statistically significant, F(2, 121) = 0.96, p = 0.39, partial η2 = 0.02.



Executive attention

Children of 12 months showed less executive attention than children at 18 months and they showed less executive attention than children of 24 months of age, see Figure 1. These differences were, however, not statistically significant, F(2, 121) = 1.01, p = 0.37, partial η2 = 0.02.





Discussion

In this study, a first impression was given of the feasibility of the UTATE in 12- and 24-month-old children and the potential to detect age differences in orienting, alerting and executive attention capacities between 12, 18, and 24 months of age. Together with our previous study on feasibility in 18-month-old children (De Jong et al., 2016b), results showed that the UTATE is feasible for 12-, 18-, and 24-month-old children, as most of the children cooperated quite well. Regarding age differences, for alerting attention, lower scores were seen at 12 months, compared to 18 months of age, and stable scores between 18 and 24 months of age. For orienting attention lower scores were seen for children of 12 months compared to children of 18 months, but scores of children at 24 months of age showed around the same level of performance as 12-month-olds. The differences between the age groups were not significant, which may be explained by the small number of children studied at 12 and 24 months.

The results of this study seem to indicate different levels of functioning at different ages for the different attention systems. Although we hypothesized that better performance would be expected for all three attention systems for children of older ages (Ruff and Rothbart, 1996), the age differences in our study showed a distinct pattern. Despite previous findings that the orienting and alerting system continue to develop at least until childhood (e.g., Rueda and Posner, 2013), functioning also has been found to improve already largely during the first year of live (Ruff and Rothbart, 1996). Executive attention, on the other hand, starts to develop at the end of the first year of life (Ruff and Rothbart, 1996). It might therefore be that functioning of the orienting and alerting system is fairly stable for children at different ages during the second year of life, while executive attention shows better scores for older children. It is possible that the development of executive attention interferes with orienting performance. Orienting is the ability to activate attention and shift between targets (Posner and Petersen, 1990; Atkinson and Braddick, 2012). This is mainly driven by external cues (Ruff and Rothbart, 1996). Executive attention, on the other hand, is more internally driven and includes control of attention and inhibition of behavior (Colombo, 2001; Atkinson and Braddick, 2012). When a child is starting to use more attentional control and behavioral inhibition, this might result in less optimal orienting strategies, as those are more spontaneous or reflexive. Of course, it is too early to draw conclusions about our results for children in different ages groups based on the small samples and the cross-sectional design of this study, but the findings do point to the importance of further studying the development of orienting, alerting, and executive attention during the first years of life.

All children in the three samples at 12, 18, and 24 months were considered by their parents to be healthy and their parents expressed no specific concerns. However, we did not evaluate the children’s cognitive abilities in these subgroups in detail, except for using the UTATE, which can be seen as a limitation of this study. In addition, due to the small sample size, there was a lack of statistical power to find statistically significant differences. However, the goal of this study was to get a first impression of the feasibility of the UTATE at 12, 18, and 24 months of age and the ability of the UTATE to detect differences between age groups. Based on the findings of this study, further studies with the UTATE could be useful for acquiring information on early attention development.




CONCLUSION

The studies on the UTATE, which was intended to measure functioning of the orienting, alerting, and executive attention systems of toddlers, showed some first promising evidence for test-retest reliability, extending the previously reported split half reliability (De Jong et al., 2015, 2016b). In addition to previous evidence for factorial and clinical validity of the UTATE (De Jong et al., 2015, 2016a) some first preliminary indications of convergent, divergent, and predictive validity of the UTATE were found. However further studies are needed in view of some small sample sizes used, specifically for evaluation of the results and use of the UTATE at younger and older ages than 18 months.
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The present study tests a section of the DIET (direct and indirect effects model of text comprehension; Kim, 2017) model and focuses on the relations between early language skills, various facets of mental state understanding, and text comprehension. In a sample of 267 children, I analyzed the relations between language skills (vocabulary, sentence comprehension) at age 3;6, theory of mind (ToM) at age 5;6, mental state language and metacognitive knowledge at age 9;2, and children’s listening and reading comprehension of texts at age 13;7 years. For reading comprehension, results favored a total mediation model that included only direct links from metacognitive knowledge and mental state language to reading comprehension. For listening comprehension, by contrast, a model that also included direct relations from language and ToM in preschool was favored. Metacognitive skills did not mediate the relation between early skills and later text comprehension but, along with mental state language, showed direct relations with reading comprehension beyond listening comprehension. Early language skills showed various indirect relations with later reading comprehension via ToM, mental state language, and listening comprehension, whereas ToM showed only small indirect relations with later reading comprehension via later listening comprehension. These different relations of the various components with later listening in contrast to reading comprehension are discussed.
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INTRODUCTION

It is widely known that language plays a major role in the development of reading comprehension (e.g., Lervåg et al., 2009; Dickinson et al., 2010; Ebert and Weinert, 2013). Moreover, language is closely connected to children’s developing understanding and knowledge about mental states and processes (Astington and Baird, 2005a; Ebert, 2015). Again, particularly in recent years, children’s developing understanding of mental states and processes, for example, theory of mind (ToM) and metacognition, have also been discussed as relevant for children’s reading comprehension (e.g., Lecce et al., 2010; Neuenhaus et al., 2011; Atkinson et al., 2017; Ebert, 2020). Against this background, the main aim of the present study was to investigate how children’s early language competencies – along with their developing knowledge and understanding of mental states and processes – are related to their reading comprehension in early adolescence. In addition, I asked whether the relations would be different for listening and reading comprehension and whether early language and mental state knowledge and understanding would show relations with later reading comprehension that could not be totally explained by concurrent listening comprehension (see also Kim, 2017).

Note that in the present study, reading comprehension refers to the comprehension of written texts, whereas listening comprehension refers to the comprehension of orally presented texts. All other (oral) language comprehension measures are called language skills (e.g., vocabulary, sentence comprehension).


Models of Reading

According to one of the best known models of reading – the simple view of reading (Hoover and Gough, 1990) – reading comprehension is a product of decoding skills and listening comprehension. Decoding refers to the encoding of written material and the ability to read written material fluently, whereas comprehension refers to understanding the meaning behind language, written or oral. Decoding and comprehension depend on each other because without decoding, no comprehension of written text is possible, and without comprehension, the decoding is more or less useless. However, these two processes have different developmental pathways and predictors (Oakhill et al., 2003; Oakhill and Cain, 2012). Thus, whereas phonological information processing skills (e.g., phonological awareness) are stronger predictors of decoding processes such as word reading, (oral) language skills (e.g., vocabulary) are stronger predictors of language comprehension such as listening and reading comprehension of texts (e.g., Ebert and Weinert, 2013; Hjetland et al., 2017; Lervåg et al., 2018).

In the present study, I focused on reading comprehension in early adolescence, when decoding processes play only a minor role in reading comprehension. At this age, reading comprehension (i.e., extracting the meaning behind written language) is only little constrained by decoding processes and thus the contribution of (oral) language skills to reading comprehension is more important (Storch and Whitehurst, 2002; Vellutino et al., 2007; Foorman et al., 2018; Lervåg et al., 2018).

The component skill model (e.g., Oakhill et al., 2006; Oakhill and Cain, 2012) proposes that different aspects of language such as grammar and vocabulary predict later text comprehension (see also Suggate et al., 2018). These different aspects may also be important for text comprehension at different points of development (see Muter et al., 2004; Cain, 2016).

Besides vocabulary and grammar as fundamental language skills, the component skill model also proposes that children’s general cognitive abilities, particularly their working memory, predict later text comprehension (e.g., Muter et al., 2004; Oakhill et al., 2006; Kim, 2017).

However, besides these foundational language and cognitive skills, higher-level skills as for example, integration and interference, knowledge and use of text structure, and comprehension monitoring, play a role in text comprehension (Cain, 2016). Similar to (oral) language skills, it can be assumed that the contribution of higher-order skills becomes more relevant over time for reading comprehension, when decoding is less constraining, but also for text comprehension in general because texts become more complicated. Oakhill et al. (2003), for example, showed that verbal working memory and higher-order skills such as inference skills and comprehension monitoring accounted for unique variance in reading comprehension between the ages of 7 and 9 over and above foundational language skills. However, another longitudinal study showed that even in the preschool years, foundational language skills and higher-order skills such as inferential skills accounted for unique variance in listening comprehension between 4;10 and 5;5 years (Florit et al., 2014).

The DIET (direct and indirect effects model of text comprehension) model differentiates more explicitly how these different foundational and higher-order components are related to text comprehension (Kim, 2017): Foundational cognitive skills (e.g., working memory) are the basis for foundational language skills (e.g., vocabulary), and both foundational cognitive and language skills are necessary but not sufficient for text comprehension. Thus, they might have direct but also indirect effects on text comprehension via higher-order skills (Kim, 2017). Higher-order skills (e.g., inference skills or comprehension monitoring) rely on these foundational skills and help to integrate them so that they can be used to build a situation model. A situation or mental model of the text characterizes successful text comprehension. It refers to a mental representation of the actual meaning behind a text. There are different levels of mental representations: for example, the representation of phrases and sentences as well as the representation of propositions and units. The situation model is the highest level of representation that leads to a meaning-based representation of the situation through the integration of text-based information with prior knowledge (Kintsch and van Dijk, 1978; see also Zwaan, 2016; Kim, 2017).

In the present study, I focused on a section of the DIET model: on language skills as well as higher-order skills that are related to the understanding and knowledge of mental states and processes, and I determined how these are related with one another and to text comprehension. As higher-order skills that are related to the understanding and knowledge of mental states, I refer to three facets of mental state understanding that are theoretically and empirically connected: theory of mind (ToM), metacognitive knowledge, and mental state language (Hughes and Dunn, 1998; Bartsch, 2002; Antonietti et al., 2006; Lockl and Schneider, 2006; Ebert, 2011, 2015).



Theory of Mind (ToM)

ToM refers to the knowledge and understanding of mental states and processes and more broadly comprises social understanding in general. One main step in children’s ToM development is their understanding of false beliefs between the ages of 3 and 5 (Wellman et al., 2001). It is assumed that when children have developed this understanding that beliefs can be false (i.e., they can change and differ from reality), they have developed a metarepresentational understanding of the mind (Perner, 1991). This understanding may support them in understanding multiple perspectives and psychological causality earlier, more quickly, and more flexibly (Dore et al., 2018). Consequently, having developed a metarepresentational ToM understanding may support children’s text comprehension via inference making skills about an author’s intentions, and characters’ thoughts and feelings (Cain, 2016; Kim, 2017).

However, previous studies investigating the link between ToM and reading comprehension have shown mixed results. Whereas some have reported significant direct effects of ToM on reading comprehension, even after accounting for language skills and listening comprehension (Atkinson et al., 2017; Boerma et al., 2017), others have not found direct links after considering language skills or listening comprehension (Guajardo and Cartwright, 2016; Kim, 2017; Ebert, 2020) or they have found no correlations at all (Lockl et al., 2017). However, there is evidence that suggests that, particularly beyond the preschool years, when more advanced measures of reading and more advanced measures of ToM such as higher-order mental reasoning or the reference to mental states in more complex situations are assessed, ToM is related to reading comprehension (Boerma et al., 2017; Florit et al., 2020). This may be since, (a) advanced reading comprehension is less constrained by decoding, (b) texts are getting more sophisticated, and (c) higher-order reasoning or advanced ToM tasks assess mental reasoning in complex social scenarios that require people to make inferences about mental states. These specific inference skills may, in particular, support children’s text comprehension. However, other advanced aspects of mental state understanding that are related to ToM may also support children’s reading comprehension. Two such advanced aspects of children’s understanding of mental states and processes are considered in the present study: children’s mental state language and children’s metacognitive knowledge.



Mental State Language

Mental state language refers to language that is used to express mental states and processes (Bretherton and Beeghly, 1982; Antonietti et al., 2006; Olson et al., 2006). This includes, in particular, terms that are used to describe mental states such as desires, intentions, or knowledge (e.g., “want,” “belief,” “knowledge,” “memory”). The knowledge of such specific terms usually requires an understanding of these concepts (e.g., Gopnik and Meltzoff, 1986). This leads to the conclusion that the comprehension of mental terms is an expression of children’s understanding of ToM (see also Astington and Pelletier, 2005). Indeed, correlations between children’s ToM and their comprehension of mental terms in the preschool years have been reported (e.g., Moore et al., 1990; Lockl and Schneider, 2006; Howard et al., 2008). Moreover, the understanding and use of more complex mental state terms in school (e.g., “assume,” “conclude”) is seen as an advanced ToM (Schwanenflugel et al., 1998; Astington and Pelletier, 2005; Antonietti et al., 2006; Olson et al., 2006; Peterson and Slaughter, 2006). Lecce et al. (2010), for example, used school-aged children’s mental state words produced on a writing task as an indicator of children’s mental state knowledge. However, we do not yet know how ToM in preschool is related to the advanced comprehension of mental state language.

Astington and Pelletier (2005) assumed that learning from texts requires the comprehension of mental state terms. Mental state language is seen as a tool that supports thinking and reasoning about representations (see also Olson et al., 2006) and that could help children compare and integrate text-based information with prior knowledge and build a situation model of the text. Thereby, mental state terms may help children understand what the authors meant by their words. This idea was supported by a study that showed that children trained in conversation about the mind, including a lot of mental state words, were more accurate when making mental-state attributions (Bianco et al., 2016).

However, although there are theoretical assumptions about the relation between mental state terms and text comprehension, not much empirical research has investigated the relation between mental state language and reading comprehension. Astington and Pelletier (2005) report that the comprehension of mental state terms made a small but significant contribution to the prediction of change in reading from the first to the second grade. By contrast, Lecce et al. (2010) found a significant relation between children’s use of mental state words in a writing task and their reading comprehension only for 4th graders but not for 2nd graders.



Metacognitive Knowledge

Metacognition is broadly defined as knowledge about knowledge. On the one hand, it refers to children’s factual knowledge about cognitions (e.g., about memory, strategies, comprehension), and on the other hand, it refers to the controlling and monitoring of mental states and processes (Flavell et al., 2002). In the present study, I focused on factual knowledge about cognition because ToM in preschool has been shown to be a precursor of later metacognitive knowledge (Lockl and Schneider, 2007; Lecce et al., 2014; Ebert, 2015). There is also some evidence that ToM is related to metacognitive knowledge beyond the preschool years. Thus, Lecce et al. (2010) showed that even after they controlled for verbal abilities, 10-year-old children’s advanced ToM measured via a social scenario test was related to their metacognitive knowledge about reading concurrently and about one year later.

From a theoretical perspective, knowledge about cognitive processes and particularly knowledge about effective learning strategies should be associated with children’s learning outcomes and thus also with their reading comprehension. For example, even though knowledge about strategies does not necessarily lead to the use of a strategy whenever indicated, children who have rich knowledge about strategies know at least how and when to use a strategy and probably use strategies more often and more appropriately (Artelt and Schneider, 2015). In this vein, various studies that have included children in primary and secondary school have shown that children’s metacognitive knowledge is related to their reading comprehension (e.g., Lecce et al., 2010; Artelt and Schneider, 2015; Edossa et al., 2019; Soto et al., 2019). However, these studies have mostly been cross-sectional and were therefore not able to consider developmental relations or other earlier variables that are related to metacognitive knowledge and reading comprehension, such as language skills.



Language Skills

ToM, mental state language, and metacognitive knowledge might all contribute to children’s text comprehension. Moreover, according to the DIET model, foundational language skills might also be indirectly related to text comprehension via ToM, mental state language, and metacognitive knowledge. Given that in the preschool years, children’s language skills predict ToM (Astington and Baird, 2005b; Milligan et al., 2007), language skills may be likely to show indirect effects via ToM. Indeed, Kim (2017) was able to demonstrate this indirect relation in 2nd graders using second-order false belief tasks, i.e., tasks that assess the understanding of false beliefs about mental representations. Moreover, given that ToM is theoretically closely related to mental state language and metacognitive knowledge (see above), I further expected to find that language skills also have indirect relations with text comprehension via ToM which then is related to mental state language and metacognitive knowledge. Furthermore, given that the comprehension of mental terms is also a specific language skill and given the evidence that metacognitive knowledge is also predicted by language skills (Lecce et al., 2010; Ebert, 2011, 2015), I further expected to find that foundational language skills also have indirect relations with text comprehension via mental state language and metacognitive knowledge.



Listening and Reading Comprehension

In extending the DIET model, which is a general model of text comprehension, the DIER (direct and indirect effects model of reading comprehension) model integrates the ideas of the simple view of reading and differentiates between listening and reading comprehension (Kim, 2017). As children get older and decoding processes are less likely to constrain their reading comprehension, the relation between reading comprehension and listening comprehension becomes stronger (Foorman et al., 2015). Thus, in advanced reading comprehension, listening comprehension explains most of the variance in children’s reading comprehension. In this vein, Kim (2017) showed that listening comprehension completely mediated the relation between higher-order skills and reading comprehension.

However, although according to the simple view of reading the explanatory mechanism behind reading and listening comprehension should be similar in advanced reading comprehension, specific effects of reading and listening comprehension are possible. Even in the later stages of reading development, there are variables, such as higher-order skills, that might affect reading comprehension beyond listening comprehension (see for example Kirby and Savage, 2008; Kim, 2015; Silva and Cain, 2015).

In particular, metacognitive knowledge might show direct relations with reading comprehension that are not explained by listening comprehension. For instance, children can use their knowledge about reading strategies only for reading but not for listening comprehension (e.g., the knowledge that it is useful to reread a challenging text passage or to underline essential words or sentences), whereas they can often use their knowledge about listening comprehension for reading and listening comprehension. This means, children may have fewer opportunities to actively engage in strategy use in listening comprehension (see also Kirby and Savage, 2008). Thus, I hypothesized that metacognitive knowledge would be more strongly related to reading comprehension than to listening comprehension and would also have a direct relation with reading comprehension after listening comprehension was controlled for.

By contrast, for ToM and mental state language, I hypothesized that listening comprehension would completely mediate the relation to reading comprehension as both skills should be important for text comprehension, no matter whether the text is written or oral.



The Present Study

The main aim of the present study was to test a section of the DIET model with a special focus on the relations between language, facets of mental state understanding, and text comprehension. Therefore, I extended the DIET model by adding metacognitive knowledge and mental state language as mediators of how the foundational skills and ToM are related to text comprehension. In contrast to other higher-order skills (e.g., inference making), the ways in which these facets of mental understanding are related to text comprehension have yet to be investigated.

In particular, I investigated the extent to which ToM in the last year of preschool as well as mental state language and metacognitive knowledge in 3rd grade mediate the relations between early language skills at the beginning of preschool and text comprehension in early adolescence. Moreover, I was interested in whether foundational language skills also have direct relations with later text comprehension when higher-order skills that are related to mental state knowledge and understanding are considered. Thus, I specified a model (see Figure 1) for the relations between language skills, the different facets of mental state understanding, and text comprehension based on the DIET model (Kim, 2017). Against the background that ToM is a prerequisite of more advanced facets of mental state understanding such as metacognitive knowledge and mental state language (e.g., Ebert, 2011, 2015), I further expected that ToM might have direct and indirect relations with later text comprehension via those advanced facets of mental state understanding. In addition, besides foundational language skills, I also included foundational cognitive skills (working memory, non-verbal reasoning) as control variables. Particularly working memory is considered in the DIET model and may also be related to later text comprehension (Florit et al., 2009; Kim, 2017).
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FIGURE 1. Path model testing a section of the DIET (direct and indirect effects model of text comprehension) specifying the relation between language skills, facets of mental state understanding and text comprehension.


Kim (2015, 2017) conducted cross-sectional tests of the DIET model in Korean kindergarten children and 2nd graders. However, cross-sectional models do not consider the developmental associations between foundational skills and higher-order skills, although it is assumed that foundational skills precede higher-order skills.

Other studies have considered the link between earlier foundational skills and text comprehension (e.g., Oakhill et al., 2003; Oakhill and Cain, 2012; Florit et al., 2014). However, these studies focused on higher-order skills such as inference skills but did not include measures of mental state language and metacognitive knowledge. Thus, it is not known how they relate along with foundational language skills and ToM to later text comprehension.

Moreover, longitudinal studies in reading development have often focused on the developmental period between (late) preschool and the early school years or on only the early school years (e.g., Roth et al., 2002; Storch and Whitehurst, 2002; Oakhill et al., 2003; Muter et al., 2004). Thus, to further extend previous longitudinal studies that have explored the link between foundational and higher-order skills in relation to text comprehension, I investigated the time period that stretches from early preschool to early adolescence. Although I did not include repeated measures of the same variables and was thus unable to investigate developmental trajectories, I assessed foundational skills that occur earlier in development than higher-order skills. This enabled me to say something about the developmental relations between the variables. However, it is important to mention that data of this type do not allow conclusions to be drawn about the causal effects that earlier variables might have on later ones.

A second aim of the present study was to investigate whether language skills and higher-order variables associated with mental state understanding are differentially related to listening and reading comprehension and whether listening comprehension completely mediates the relations of cognitive and language variables with advanced reading comprehension (see also Kim, 2015, 2017).

Previous longitudinal studies have often focused on either predictors of listening comprehension in preschool aged children (Florit et al., 2011; Lepola et al., 2012; Florit et al., 2014) or on predictors of reading comprehension in school aged children (e.g., Oakhill et al., 2003; Oakhill and Cain, 2012). To extend these studies, I not only investigated a longer developmental period from preschool to early adolescence, but both listening and reading comprehension at the same measurement point in early adolescence. This enabled me to investigate whether these two types of text comprehension have similar earlier predictors. Further, I was also able to analyze whether any of the variables had direct relations with reading comprehension beyond listening comprehension. Based on the DIER model, I included listening comprehension and reading comprehension in one model and expected that listening comprehension would explain most of the direct relations of early language and cognitive skills with reading comprehension (see also Kim, 2017). However, I also expected differential relations of the higher-order skills I investigated in the present study with listening compared to reading comprehension. In particular, I hypothesized that metacognitive knowledge would be more strongly related to reading comprehension than to listening comprehension.



MATERIALS AND METHODS


Participants and Procedure

A subsample of 267 children from a more comprehensive German longitudinal study, who in contrast to the rest of the sample per design were administered measures of ToM at age 5, were part of this study. Besides the ToM measure, various other measures and measurement points from the more comprehensive longitudinal study were included. At the first measurement point of the entire study, which was also Time 1 in the present study, the children had a mean age of 3;6 (M = 41.70 months, SD = 3.96 months). At the other measurement points included in the present study, the children’s averages ages were 5;6 (M = 65.45 months, SD = 3.96 months), 9;2 (M = 110.58 months, SD = 3.81 months), and 13;7 (M = 162.81 months, SD = 3.70 months).

The children were all born in Germany, and most of them (n = 244, 92.1%) had at least one parent who spoke German as her or his mother tongue. For 31 (11.6%) of the children, the primary caregiver was not a native German speaker.

The educational and socioeconomic background (SES) of the sample was diverse. About 20% of mothers had a university degree, whereas most other mothers reported that they had completed vocational training (72%), and a few indicated that they had not had any vocational training (8%). The family’s highest ISEI (HISEI; Ganzeboom et al., 1992), an international index of occupational status, had a mean of 51.86 (SD = 15.75) on a scale ranging from 16 (e.g., cleaner, unskilled farmworker) to 90 (e.g., judge in a court of law).

Due to drop-out across measurement points, data were not available from all the children who were included in this sample at all measurement points. At 5;6 years (Wave 5 of the entire study), 39 children (14.6%) had left the study. Another four years later, in 3rd grade (Wave 9 of the entire study), 127 children (47.6%) had dropped out, and in early adolescence (Wave 11 of the entire study) 143 children (53.6%) had left the study. Due to illness or refusal to take part in the actual testing at a certain measurement point numbers of participants were further reduced. Table 1 provides an overview of the number of children for whom I had valid data on each measure at the different measurement points. Especially after the children began school, the drop-out rate was high. However, Little’s MCAR test was not significant [χ2(226) = 236.72, p = 0.30]. This suggests that the data were missing completely at random, and thus, the analyses would probably not lead to biased estimates (Graham, 2003; Enders, 2013). However, I additionally checked for whether the 116 children who had valid reading comprehension data in early adolescence differed on the central variables from the children who did not have valid reading comprehension data in early adolescence. The children did not differ in age, t(255) = -0.21, p = 0.83, cognitive and language skills, F(3, 240) = 1.86, p = 0.14, or language background, χ2(2) = 3.75, p = 0.15, at Time 1. However, the families of the children who left the study had a lower socioeconomic status (HISEI), t(264) = -2.30, p = 0.02, than the families of the children who remained in the study.


TABLE 1. Descriptive statistics for child variables.

[image: Table 1]The comprehensive study was funded by the German Research Foundation, and compliance with ethical standards was approved by the German Research Foundation. Appropriate consent to take part in this study was obtained from parents, and all the information they provided was voluntary. For the preschool age children, the testing of the children took place in the children’s preschools in a quiet room with only a trained research assistant. At every measurement point in preschool, children took part in three sessions lasting about 30 min, where they received various tests in a standardized order. In primary school, the testing was administered by two trained research assistants in children’s schools, where other children were taking the test at the same time in the same room. In early adolescence, the children were again tested at home by a trained research assistant. The children always had the opportunity to withdraw from testing at any time, and they were given a small gift (e.g., a pen) after each test session. Parents also received a small gift after they had given interviews in their homes, during which we gathered background information and other information about parenting and educational practices.



Measures


Time 1 (age 3;6)


Language skills

The children completed a German research version of the PPVT-R (Dunn and Dunn, 1981) as a measure of receptive vocabulary and the sentence comprehension (SC) subtest of the German Language Development Test for 3–5-year-old children (SETK 3-5; Grimm, 2001) as a measure of receptive grammar.

The PPVT consists of sets of 12 items (except the last set, which has 7), and each item shows 4 pictures. For each item, the research assistant read a word, and the children chose the corresponding picture (max = 175).

On the SC test, the children listened to sentences that varied in grammatical complexity. For the first 9 items, children were presented 4 pictures and asked to choose the one that corresponded to the sentence they had just heard. For the next 10 items, children followed instructions that were given in a sentence (e.g., “Put the blue pen under the bag”).

A sum score for language skills was created by z-standardizing and averaging the two language scores. The correlation between receptive vocabulary and sentence comprehension was r(254) = 0.68.



Working memory

Working memory was assessed with two memory span tests from the German version of the Kaufman Assessment Battery for Children (K-ABC; Melchers and Preuß, 2003).

On the Digit Span test, the children were required to repeat a sequence of digits verbally presented by a research assistant.

On the Hand Movement test, children were asked to repeat sequences of three different hand movements that were performed by a research assistant.

Both tests include 12 items grouped in sets of different lengths (2–5 digits and 2–4 hand movements). The correlation between the subtests was r(245) = 0.52. Scores were standardized and averaged.



Non-verbal reasoning

Children’s non-verbal reasoning was measured with the Analogies and Categories subtests from the SON-R 21/2-7 (Tellegen et al., 2005). These subtests evaluate children’s non-verbal reasoning while they are required to infer sorting and classification principles from picture cards or in abstract materials of various shapes and colors (max = 17 for Analogies, max = 15 for Categories). The correlation between the subtests was r(245) = 0.52; p < 0.05. Test scores were standardized and averaged for a total score on non-verbal reasoning.



Time 2 (age 5;6)


Theory of mind

Children completed one first-order and one second-order ToM task. The first-order ToM task was a false belief task with unexpected content (based on Perner et al., 1987). The second-order ToM task was the birthday puppy story developed by Sullivan et al. (1994). Both tasks were acted out with small figures and toys by the research assistant.

For the first-order task, the children were shown a peanut box and asked what they thought was inside. The box unexpectedly contained a ball that was shown to the children and put back into the box. After making sure that they understood that a ball was in the box and not peanuts, a naive protagonist (P1) arrived, and the children were asked the false belief question (“What does P1 think is in the box?”) and a control question (“Did P1 look inside the box?”). Children received credit for the false belief question only if they answered the control question correctly. After P1 left the scene, the children were asked a second test question about their own beliefs (“Before you looked inside the box, what did you think was inside?”). Thus, the children could earn two points for the first-order false belief task.

For the second-order task, the children listened to a story about a boy who had seen his actual birthday present (a dog) unbeknownst to his mother. They were given three test questions: One first-order question (“Does Mum know that Peter saw the dog?”) and one second-order knowledge access question (“When Grandma calls and asks if Peter knows what his present is, what will Mum say?”) as well as one second-order false belief question (“What present will Peter’s Mum tell Grandma that Peter thinks he is getting?”). If the children passed two control questions to make sure that they followed the story plot, they obtained one point for each correct answer to the test questions (max = 3).

The scores from the first-order and second-order task were correlated [r(123) = 0.29, p < 0.01] and summed for a total ToM score.



Time 3 (age 9;2)


Mental state language

To assess the children’s comprehension of mental state language, we developed a test based on an instrument cited by Astington and Olson (1990) and Olson et al. (2006). On this test, children listen to 14 brief stories (see the example in the Appendix). At the end of each story, a protagonist says or thinks something, and children are required to decide which of three presented mental verbs can best be substituted for the verb “think” or “say” (e.g., infer, ensure) in the given story. Children earned one point for each correct chosen verb. Cronbach’s alpha was 0.60.



Metacognitive knowledge

To measure the children’s metacognitive knowledge, we used a metacognitive knowledge test that we developed within the more comprehensive longitudinal study. It consists of 14 multiple-choice items, which were to some extent taken or adapted from other studies (for more information, see Haberkorn et al., 2014). For each item, the children listened to a verbally presented memory, comprehension, or learning problem and had to judge which of two or three presented alternatives would probably lead to the best performance or whether the performances would be equal. Children received one point for every correct answer. Cronbach’s alpha was 0.58.



Time 4 (age 13;7)


Listening comprehension

The listening text comprehension task comprises 6 stories (each with approximately 100–150 words). The stories on this paper-and-pencil test were adopted from the DELKO project (Marx and Stanat, 2009) and vary in the complexity of their vocabulary and syntax. Some stories take place in everyday contexts (e.g., a conversation in a supermarket), whereas some are more informational (e.g., a text about a rare animal). After listening to each story twice, children are asked 3–5 multiple-choice and open-ended questions (25 questions in total). These questions require the children to recall or compare information from the story or to make inferences. Partially correct answers are given 0.5 points. A second rater coded about 22% of the answers, and interrater reliability was good to excellent (intraclass correlation coefficient (absolute agreement) between 0.90 and 0.98; Cohen’s kappa between 0.76 and 0.96). The scores for all items were summed to form a total score (max = 25). Cronbach’s alpha was 0.64.



Reading comprehension

The reading comprehension test was developed in the German National Educational Panel Study and was initially developed for 9th graders (NEPS; Gehrer et al., 2012). The paper-and-pencil test consists of five different (informational, commentary, literary, instructional, and advertising) types of texts (approximately 230 words each). Each text is followed by 5–7 questions, mostly multiple-choice questions (1 answer correct out of 4). Other tasks are matching tasks and decision-making tasks. The tasks require children to extract information or to make inferences on the basis of the text. The children had 28 min for the entire test (max = 33 points).



Data Analysis Strategy

The primary data analysis strategy was structural equation modeling in Mplus 6.0 (Muthén and Muthén, 2012). For all analyses, I included observed variables. I refrained from estimating latent variables to keep the structural equation model simple and the sample-size-to-parameter ratio low. This approach increases the likelihood that the statistical requirements for path models will be met, even when the sample size is small and missing data are estimated (Kline, 2016).

I used a full information maximum likelihood (FIML) approach to account for the missing data. FIML is superior to listwise deletion, pairwise deletion, and similar older methods for handling missing data, especially in small samples and when outcome variables are incomplete (Enders and Bandalos, 2001; Graham, 2003; Enders, 2013), which was the case in our study.

Model fits were evaluated by computing the root mean square error of approximation (RMSEA) and the comparative fit index (CFI) as recommended by Hu and Bentler (1999). RMSEA below 0.08 and a CFI greater than 0.90 were considered to indicate an acceptable model fit. I used the Akaike information criterion (AIC) and the Bayesian information criterion (BIC) to compare the relative fits of different models, and I compared nested models using chi-square difference tests. I always compared the less restrictive model with the more restrictive model. A significant X 2-difference test indicates that the less restrictive model fits the data better, whereas a non-significant X 2-difference test suggests that the more restrictive model is not significantly different from the less restrictive one. However, it should be favored for reasons of parsimony. Also, the model with smaller BIC and AIC values suggests a better model fit.

To test the DIET model with a special focus on facets of mental state knowledge and understanding, I first ran separate models for reading comprehension and listening comprehension. This was also done to see whether language and the facets of mental state knowledge and understanding would be found to be differently related to listening and reading comprehension. In particular, I analyzed whether a hierarchical structure could be found, whereby foundational cognitive and language skills feed higher-order skills, which mediate the relations between foundational skills and text comprehension. I compared four models with a complete model (Model 1a). In the complete model (Model 1a), I specified all direct and indirect links between the variables. Then I successively removed all the direct links (i.e., set them to zero) and checked for whether the model fit got worse or whether I should favor the model without direct links for reasons of parsimony. In Model 1b, I first removed the direct link between ToM and text comprehension. Although this is a relation between a higher-order skill and text comprehension, I view ToM as a foundational skill in mental state understanding upon which other later developing higher-order skills in mental state understanding build. In Model 1c, I removed the direct links between language skills and text comprehension, and in Model 1d, I removed the direct links between foundational cognitive skills and text comprehension. In a last model, Model 1e, the complete mediation model, I restricted all direct paths to text comprehension to zero, except for those from mental state language and metacognitive knowledge.

To investigate whether listening comprehension mediates the relations of foundational skills assessed earlier and higher-order skills with reading comprehension, I compared three nested models. In the first model (Model 2a), I specified all direct and indirect links. In the second model (Model 2b), I constrained all direct relations of foundational cognitive and language skills as well as ToM as a foundational higher-order skill for more advanced mental state understanding with text comprehension to zero and allowed only direct paths from mental state language and metacognitive knowledge to reading comprehension. In the third model (Model 2c, complete mediation model), I also set those paths to zero. Thus, I specified no direct links between the variables that were assessed earlier and reading comprehension.

In all models, I also controlled for HISEI as a measure of the family’s socioeconomic background as well as of whether the children had a parent with a mother tongue other than German as a measure of the family’s language background. Hence, in preliminary analyses, paths between these control variables and all outcome measures at all measurement points were specified. However, these analyses showed that the control variables were not directly correlated with any of the outcome variables. Thus, for reasons of parsimony and to obtain a better fitting model, I considered only the significant paths between the control variables and the outcome variables in our main models.



RESULTS


Descriptive Statistics

Descriptive statistics for the measures taken on the children including the numbers of children, means, standard deviations, minimums, and maximums are shown in Table 1. The correlations between the child variables are displayed in Table 2.


TABLE 2. Concurrent and longitudinal correlations between child variables.

[image: Table 2]With regard to background characteristics it can be seen in Table 2 that whereas the family’s language background was primarily correlated with language skills (r = -0.30), the HISEI was also related to the other variables in our model to a moderate degree: Besides language at age 3;6 (r = 0.31), HISEI was related to ToM at age 5;6 (r = 0.21), to mental state language at age 9;2 (r = 0.33), and to listening comprehension (r = 0.34) and reading comprehension (r = 0.25) at age 13;7.

Foundational cognitive skills at age 3;6 were moderately related to listening and reading comprehension (r = 0.27–0.36), whereas descriptively the correlations with reading comprehension were slightly higher. The correlations of the foundational cognitive skills with the various facets of mental state understanding were in a small to moderate range (r = 0.17–0.35) and were highest for the relation between working memory and ToM.

In comparison with foundational cognitive skills, foundational language skills at age 3;6 were more strongly correlated with both listening (r = 0.49) and reading (r = 0.46) comprehension. However, language skills were also related to ToM (r = 0.52) and mental state language (r = 0.48), which were again related to listening (r = 0.35 and r = 0.44) and reading comprehension (r = 0.24 and r = 0.51). This is a first hint and prerequisite that higher-order skills in mental state understanding may mediate the relation between foundational language skills and text comprehension. However, unexpectedly, I found only a small correlation between language skills and metacognitive knowledge (r = 0.18), whereas metacognitive knowledge was more strongly related to reading comprehension (r = 0.43) than to listening comprehension (r = 0.26).



Testing the DIET Model

Table 3 depicts the results for Model 1a, the complete model, which includes all direct and indirect links between the variables in the model. It shows direct relations of language skills at 3;6 to listening comprehension (β = 0.22, p < 0.05) but not to reading comprehension (β = 0.15, p = 0.19) at 13;7. Similarly, it shows direct relations of ToM at 5;6 to listening comprehension (β = 0.19, p < 0.05) but not to reading comprehension (β = 0.06, p = 0.52). By contrast, there were significant direct relations for mental state language (β = 0.31, p < 0.01) and metacognitive knowledge (β = 0.26, p < 0.01) at 9;2 with reading comprehension at 13;7, whereas mental state language was only marginally related (β = 0.18, p < 0.10) and metacognitive knowledge (β = 0.11, p = 0.25) was not related to listening comprehension at 13;7.


TABLE 3. Standardized regression weights between variables and model fit indices for Model 1a (general model) predicting listening comprehension and reading comprehension.

[image: Table 3]In addition, foundational cognitive skills, i.e., working memory (β = 0.21, p < 0.01) and non-verbal reasoning (β = 0.09, p < 0.05) as well as language skills at age 3;6 (β = 0.16, p < 0.01) but not ToM (β = 0.00, p = 0.89) at 5;6 significant showed indirect relations with listening comprehension. For reading comprehension, slightly different relations were found. Whereas working memory (β = 0.12, p < 0.05) and language skills (β = 0.16, p < 0.01) at age 3;6 also showed indirect relations to reading comprehension, non-verbal reasoning (β = 0.00, p = 0.95) did not. Similar to the finding for listening comprehension, ToM (β = 0.00, p = 0.95) at age 5;6 showed no significant indirect relation to reading comprehension.

Table 4 depicts the model fits for the various models differing in the specified direct links between earlier variables and later text comprehension. The comparisons of Model 1a (complete model) with Models 1b to 1d using the BIC and AIC provided no clear results. The X 2-difference tests indicated that none of the restricted models differed significantly from the unrestricted complete Model 1a for reading comprehension or for listening comprehension. This means that the more restricted models should all be favored for reasons of parsimony.


TABLE 4. Model fit for the different models successively removing the direct links between text comprehension and ToM (Model 1b), language skills (Model 1c), and cognitive skills (Model 1d).

[image: Table 4]With regard to the complete mediation model (Model 1e) in comparison with the complete direct model (Model 1a), the X 2-difference test favored the less restrictive model in the case of listening comprehension [ΔX 2(4) = 14.17, p < 0.01], whereas it favored the more restrictive model for reading comprehension [ΔX 2(4) = 6.60, p = 0.16]. Also, the BIC and AIC favored the more restrictive model for reading comprehension, whereas for listening comprehension, the AIC but not the BIC favored the less restrictive model.

Altogether, it can be concluded that in the case of reading comprehension, the complete mediation model was favored, whereas in the case of listening comprehension, the direct links with foundational language and cognitive skills were also meaningful.



Direct and Indirect Relations With Reading Comprehension via Listening Comprehension

I fit three models to the data to investigate whether listening comprehension could explain all the direct relations with reading comprehension: In Model 2a, all the direct relations of all variables with listening and reading comprehension were specified as a baseline model; in Model 2b, based on the preceding result that for reading comprehension the full mediation model (see Model 1e above) should be favored, I specified only the direct paths between reading comprehension and metacognitive knowledge as well as mental state language, whereas the direct paths from foundational cognitive as well as language skills and ToM were restricted to zero; in Model 2c (complete mediation model) all direct relations with reading comprehension were constrained to zero.

Given that non verbal reasoning did not show significant relations with text comprehension measures in the previous models (see Table 3), for reasons of parsimony, only the direct relations between non verbal reasoning, working memory, and language at age 3;6 were specified. For similar reasons (see Table 3), the direct relations of working memory with listening and reading comprehension were not specified.

Table 5 shows the standardized beta weights for all three specified models. All model fit indicators agreed that the fit of Model 2b was superior to the fit of the less restrictive Model 2a [ΔX 2(3) = 1.06, p = 0.78] as well as the fit of the more restrictive Model 2c [ΔX 2(2) = 22.02, p < 0.01]. Thus, Model 2b was chosen as the final model (see Figure 2).


TABLE 5. Standardized regression weights between variables and model fit indices for Model 2a to Model 2c for predicting reading comprehension (RC).
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FIGURE 2. Best fitting model (Model 2b) showing the standardized equation parameters (β) for the relation between foundational cognitive and language skills, facets mental state understanding and, listening as well as reading comprehension. **p < 0.01, *p < 0.05, +p < 0.10.


Model 2b shows that mental state language and metacognitive knowledge at age 9;2 were both significantly related to reading comprehension at age 13;7 beyond listening comprehension assessed at the same time point. With regard to indirect relations, working memory as a foundational cognitive skill had only a marginally significant indirect relation with later reading comprehension via mental state language (β = 0.05, p < 0.10) and metacognitive knowledge (β = 0.05, p < 0.10). By contrast, early language skills showed various significant indirect relations with reading comprehension: (a) via mental state language (β = 0.08, p < 0.05), (b) via listening comprehension (β = 0.10, p < 0.05), and (c) via ToM and listening comprehension (β = 0.04, p < 0.10). However, this last one was only a marginally significant indirect relation. ToM also showed a marginally significant indirect relation with reading comprehension via listening comprehension (β = 0.08, p < 0.10). In addition, there was a marginally significant indirect relation between mental state language and reading comprehension via listening comprehension (β = 0.09, p < 0.10).



DISCUSSION

The main aim of this study was to test a part of the DIET model by focusing on the roles of different facets of mental state knowledge and understanding and their relations to language and text comprehension. I extended the DIET model by adding metacognitive knowledge and mental state language as additional higher-order skills to the model and fit it to longitudinal data from ages 3;6 to 13;7. Our results supported the main ideas of the DIET model (Kim, 2017) by showing that early foundational language skills (as well as working memory) were indirectly related to text comprehension via higher-order skills such as ToM, mental state language, and listening comprehension. However, our study added new and partly unexpected findings.

First, I found different relational patterns between early foundational language skills, facets of mental state knowledge and understanding, and text comprehension in early adolescence for listening comprehension in contrast to reading comprehension. Relatedly, listening comprehension did not mediate the relations of higher-order skills, namely, mental state language and metacognitive knowledge, with reading comprehension.

Second, our study revealed that ToM was only weakly associated with advanced text comprehension, especially with reading comprehension, and had no indirect relations to text comprehension via advanced measures of mental state understanding, namely, metacognitive knowledge and mental state language.

I discuss these findings in more detail below.


Different Relational Patterns for Listening and Reading Comprehension

Although listening and reading comprehension in early adolescence should be strongly related and influenced by similar predictors because reading comprehension at this age is less constrained by decoding processes (Foorman et al., 2015), I found different relational patterns with regard to early foundational cognitive and language variables as well as higher-order skills that are related to mental state knowledge and understanding. First, whereas language skills and ToM in preschool showed direct relations with listening comprehension in early adolescence, there were no direct relations between early foundational skills or ToM with reading comprehension in early adolescence. Accordingly, for reading comprehension but not for listening comprehension, a complete mediation model without any direct relations of foundational skills fit best. Second, metacognitive knowledge and mental state language were more strongly related to reading comprehension than to listening comprehension and showed direct relations with reading comprehension even after listening comprehension was controlled for.

Why do language skills and ToM have direct relations with listening comprehension but not with reading comprehension? And why are metacognitive knowledge and mental state language more strongly related to reading comprehension than listening comprehension? To answer these questions, it might be helpful to take a look at the differences between reading and listening comprehension: Whereas listening comprehension refers to the comprehension of orally presented text, reading comprehension refers to the comprehension of written text. Even if decoding processes play only a minor role in reading comprehension in advanced reading, different information processing is probably at work. For example, given that a person can reread a written text but not an orally presented text, working memory might be more important for listening comprehension than reading comprehension. In this vein, Roch et al. (2012) demonstrated that people with Down syndrome show better reading comprehension than listening comprehension and that verbal memory contributes to explaining this advantage of reading over listening comprehension. Though, our study showed that early working memory in preschool does not have direct relations on either listening or reading comprehension and might play a similar role in the two. However, to confirm that different information processes are at work in reading and listening comprehension in early adolescence, it would be necessary to control for concurrent information processing skills.

The idea that listening and reading comprehension may require different processes even in early adolescence was supported by the result that metacognitive knowledge and mental state language showed direct relations with reading comprehension over and above listening comprehension and that metacognitive knowledge and mental state language are not or are only slightly related to listening comprehension. Therewith, our results suggest that listening comprehension is not the only variable that explains variance in advanced reading comprehension when the constraints of decoding processes are small: Higher-order processes such as metacognitive knowledge and mental state language additionally contribute to reading success in the later school years. This finding leads to the suggestion that children might profit from written text comprehension beyond their (oral) language comprehension skills when they possess metacognitive knowledge and when they are advanced in understanding mental state language. This implication also reflects the common knowledge that some people are better at comprehending spoken language, whereas others are better with written language.

Metacognitive knowledge and mental state language are more strongly related to reading comprehension than they are to listening comprehension. This suggests that these skills are especially helpful for comprehending written but not orally presented texts. Thus, our results suggest that metacognitive knowledge and mental state language might provide a means for facilitating written text comprehension, especially when oral text comprehension is low. Those children who comprehend written texts well may possess and use knowledge about learning and reading, i.e., metacognitive knowledge or knowledge about mental state words, to do well in reading comprehension tasks, even when their oral listening comprehension is low (see also Roch et al., 2012). Thus, it seems likely that especially poor language comprehenders may profit from metacognitive training programs (for a similar argument see Kendeou et al., 2007; Oakhill et al., 2019).

Different from the present study’s results, Kim (2017) showed that listening comprehension completely mediated the relation between higher-order skills and reading comprehension. However, in contrast to Kim (2017), I assessed different higher-order skills, namely, those that are specifically related to mental state understanding, and I assessed foundational skills, higher-order skills, and text comprehension skills at different points in development.

Although the present study supports the conclusion that the development of reading and listening comprehension is influenced by different developmental variables I could not prove causality with this study design. To do so, at least repeated measures of reading and listening comprehension during development are necessary. Only with such measures would it be possible to tell whether earlier variables have a different impact on the change in reading and listening comprehension.

In addition, I did not control for decoding processes in my study. Thus, differences in decoding processes could be responsible for the direct relations of metacognitive knowledge and mental state language with reading comprehension. In contrast to our findings, Lervåg et al. (2018) found that listening comprehension and word reading at 7.5 years of age explained almost all of the variability in reading comprehension up to the age of 12.5 years. A possible reason for why Lervåg et al. (2018) explained such a large amount of variance in reading comprehension through listening comprehension may reflect the fact that they were able to use a latent variable account and could eliminate problems due to measurement errors. Lervåg et al. (2018) suggested that measurement errors are a reason for the discrepancy between studies that found differentiated effects of early language and cognitive skills beyond listening comprehension. However, Lervåg et al. (2018) assessed listening comprehension and language measures at the age of 7.5 years. By contrast, we assessed listening comprehension along with reading comprehension in adolescence and basic language skills and working memory at earlier points in time. As in Lervag et al.’s study, early language and cognitive skills did not impact reading development beyond listening comprehension in the present study. Thus, it is possible that early listening comprehension is a better predictor of advanced reading comprehension than listening comprehension assessed at the same time. It might be that when the contents of the listening comprehension tasks become more complicated, listening comprehension is less relevant for reading comprehension, and other factors such as metacognitive processes or specific language skills become more critical.

Another explanation for the different relational patterns between language, ToM, and listening comprehension in contrast to those between language, ToM, and reading comprehension might lie in the similarities between the first set of measures: ToM tasks as well as foundational language tasks are both listening comprehension tasks. Thus, the direct relations between language and listening comprehension as well as between ToM and listening comprehension might be a simple method effect. However, this still does not explain why I also found relations for advanced measures of mental knowledge and understanding with reading comprehension that could not be explained by listening comprehension. Thus, it is very likely that listening comprehension and reading comprehension are indeed differently predicted by earlier skills and require different informational processes.



The Relation Between Early ToM and Text Comprehension in Early Adolescence

The present study also adds to our knowledge about the relation between ToM and reading comprehension. In contrast to most of the earlier studies that investigated the relation between ToM and reading comprehension, we measured ToM in preschool and reading comprehension in early adolescence and thus investigated a much longer period of time. I proposed that the non-significant relations between ToM and reading comprehension found in previous studies (Guajardo and Cartwright, 2016; Lockl et al., 2017) could be explained by the fact that the children were in the early stages of learning to read. Although these studies were longitudinal, none of them followed children over an extended period such as until early adolescence when children’s reading skills become more advanced. I expected that ToM would be more relevant for advanced reading comprehension than for reading comprehension in the early stages when reading comprehension is constrained by decoding processes and the texts that have to be comprehended are easy and do not require much reasoning about mental states. However, the relation I found between ToM at age 5 and reading comprehension 8 years later was small, and after considering other relevant variables in our model, there were no direct relations between ToM and reading comprehension.

I suggest different explanations for this result. First, because of the close relation between language and ToM (Astington and Baird, 2005a), it might not be possible to separate the effects of early language skills and ToM. In another study with a different focus but almost the same data set, I controlled for language skills assessed at the same measurement point as ToM and showed that the relation between ToM and later reading comprehension as well as listening comprehension decreased even more (Ebert, 2020). Thus, the effects of ToM may primarily be driven by the variance that it shares with language competencies, and as soon as language skills are considered, ToM might not be uniquely related. However, I found a unique relation of early ToM and language skills with later listening comprehension. This finding is in accordance with other studies (Kim, 2015; Guajardo and Cartwright, 2016) that also reported indirect relations with reading comprehension via listening comprehension. This suggests that at least for advanced listening comprehension, ToM might be uniquely related beyond early language skills.

Another explanation for why I did not find a strong relation between ToM and later text comprehension measures, especially reading comprehension, may lie in the ToM measure that was used in the study. False belief understanding was assessed at a relatively late time point in development when most children should already understand first-order false belief tasks (Wellman et al., 2001). Thus, differences in ToM in our preschool measure may reflect only whether children can master second-order false belief tasks, which may not be as relevant for text comprehension as a metarepresentational ToM understanding. However, the children are not at the ceiling and show quite a variability in their ToM understanding. Moreover, Kim (2017) also reports a correlation between reading comprehension and second-order false belief understanding. Thus, it is not to be expected that only first-order false belief understanding would be related to reading comprehension. Moreover, other studies suggest that in particular, more advanced measures of ToM are stronger related to text comprehension than first-order false belief understanding (e.g., Boerma et al., 2017; Ebert, 2020; Florit et al., 2020).

A third explanation for why I did not find a relation between ToM and reading comprehension after controlling for foundational cognitive and language skills may lie in the fact that in contrast to previous studies, reading comprehension was assessed at a much later time in development than the other studies did. It is possible that at a certain point in advanced reading comprehension, ToM may be less strongly related to reading comprehension because other variables facilitate reading comprehension more than listening comprehension. Different from what the simple view of reading suggests, listening comprehension might not be the only factor that contributes to more advanced reading comprehension (see also Kirby and Savage, 2008). Indeed, when only a direct relation of listening comprehension with reading comprehension is allowed, and all other direct paths are constrained to zero, listening comprehension explains 40% of the variance in reading comprehension. Thus, there is still much variance to be explained in advanced reading comprehension. Moreover, our study revealed an additional effect of metacognitive knowledge and mental state language on reading comprehension, which was not explained by listening comprehension, earlier foundational cognitive and language skills, or ToM. Thus, in advanced reading comprehension, or at least in our measure of reading comprehension, as already discussed above, additional skills may be helpful for reading comprehension.



Advanced Measures of Mental State Understanding as Mediating Factors

Whereas mental state language mediated the relations between early language skills and later text comprehension, metacognitive knowledge did not. This was mainly explained by the fact that, unexpectedly, neither early language skills nor ToM were related to metacognitive knowledge during the school years. This finding also suggests that early language and ToM may only be relevant for the early steps in developing an understanding of the mental world and building one’s initial knowledge about mental states and processes (Ebert, 2011, 2015). However, after developing a basic mental understanding or a representational understanding of the mind, amassing factual knowledge about the mind may require different sources. For example, instructional processes and learning experiences may become more critical at this point. This assumption might also explain why early ToM was also not related to later mental state language, although a conceptual overlap between specific language knowledge about mental states and knowledge about mental states was assumed (e.g., Astington and Pelletier, 2005; Bretherton and Beeghly, 1982). Thus, our results show that general language skills may be more important for how well children understand the specific meaning of mental verbs a few years later than whether they have developed a representational understanding of the mind early.



Early Language and Text Comprehension in Early Adolescence

Our study also demonstrates that early language skills are related to later reading comprehension in many ways, although there are no direct relations beyond listening comprehension relations on reading comprehension (for similar results, see Kim, 2015; Lervåg et al., 2018). However, early language skills showed a small indirect relation via ToM, which was again related to listening comprehension and this again was strongly related to reading comprehension. Moreover, early language skills were also related to listening comprehension directly beyond the relations with working memory, ToM, and mental state language. In addition, early language skills also had indirect relations with reading comprehension via mental state language. Mental state language can again also be interpreted as a listening comprehension task with a specific mental content. Against this background, our findings suggest that the skills that are necessary for comprehending oral texts, no matter whether they are about specific mental terms or contain more general content, explain the relation between early language skills and advanced reading comprehension. Also in support of this idea, in a study using almost the same data set, I found that the Strange Stories (White et al., 2009) – which are another advanced measure of ToM and can also be interpreted as a listening comprehension task with a specific focus on mental states – were also related to reading comprehension (Ebert, 2020). A similar result was found in a recent study by Florit et al. (2020), which showed that children’s advanced ToM is a unique predictor of multiple-text comprehension.

Thus, an important conclusion of our study is that early language skills have a long-lasting impact on further development and that they impact later text comprehension and particularly reading comprehension in many ways.

To sum up, our study demonstrated the importance of early language, ToM, mental state language, and metacognitive knowledge for children’s later reading comprehension. However, many open questions about how understanding of the mental world (ToM), factual knowledge about strategies, memory or learning processes (metacognitive knowledge), and the language related to mental state understanding are related over time and how they contribute to children’s reading development and general educational development along with general language competencies remain (see also Hughes and Devine, 2015; Lockl et al., 2017). In addition, early language skills may also support attentional processes and higher-order skills such as inference making skills or comprehension monitoring that are necessary for oral comprehension, no matter whether it is a specific mental language comprehension task or a more general one. In the present study, I focused on only higher-order skills that are related to mental state understanding. However, previous studies found that attentional processes and other higher-order skills could also explain variance in reading comprehension (e.g., Silva and Cain, 2015; Kim, 2016). Thus, it is up to future studies to include all the facets of higher-order skills and further increase the knowledge about the development of reading comprehension. In particular, more research including repeated measures of listening and reading comprehension are desirable for gathering knowledge about the impact of the various components on developmental trajectories.
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APPENDIX


Example Story – Comprehension of Mental Verbs

Petra is watching a movie on TV. The movie shows a bank robbery. Suddenly there is thunderstorm and the movie is interrupted. Petra thinks that the gardener robbed the bank. At the next day Petra meets Tim. Tim has watched the whole movie. He says to her that the gardener robbed the bank. Does Tim concede, confirm, or consider that the gardener has robbed the bank?

Target mental verbs of all stories: German equivalent for conclude (daraus schließen), confirm (bestätigen), assume (davon ausgehen), predict (vorhersagen), expect (erwarten), concede (einräumen), infer (daraus folgern), deliberate (abwägen), assert (behaupten), presume (annehmen), insure (versichern), imply (voraussetzen), consider (überlegen), deny (bestreiten).
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The Video-Feedback Intervention (VFI) is a technique aimed at promoting positive parenting that has been found to be supportive of child development and parent–child interaction in different at-risk and clinical populations. The application of VFI with parents of children with neurodevelopmental disabilities (ND; e.g., cerebral palsy, sensory and/or psychomotor delay, and genetic syndromes) is growing. Nonetheless, no systematic review is currently available documenting whether this type of intervention improves children’s developmental outcomes (e.g., behavioral stability and cognitive abilities), parental caregiving skills (e.g., responsive parenting), and parental emotional well-being (e.g., depressive symptomatology). In the present mini-review, 212 VFI records were retrieved from three databases (i.e., PubMed, Scopus, and Web of Science), and 10 papers were finally included. Abstracted information included age, diagnosis, methodological aspects (timing, setting, and themes), and child/parent outcomes. Significant improvements from pre- to post-VFI were observed in all studies. Specifically, the VFIs were significantly associated with better children developmental outcomes and parental caregiving skills. Inconsistent findings emerged for the VFI effects on parental emotional well-being. Overall, the current mini-review supports the potential effectiveness of parent-focused VFI interventions for parents of children with ND, despite the presence of open questions that need to be addressed in future clinical trials.

Keywords: children, early intervention, parenting, rehabilitation, review, neurodevelopmental disabilities, video-feedback


INTRODUCTION

In humans, parenting represents a key factor to promote the physical, socio-emotional, behavioral, and cognitive development of infants and children (Perrin et al., 2016; Provenzi et al., 2018). The role of parenting is much more relevant when infants and children present special healthcare needs due to neurodevelopmental risk or disabilities (Festante et al., 2019). Recent research shows that maximizing parental engagement and targeting parents’ caregiving skills alongside infants’ needs and disabilities are crucial for the success of early rehabilitation programs (Britto et al., 2017; Schuster and Fuentes-Afflick, 2017). Early parenting interventions are beneficial to improve developmental outcomes of infants and children and to limit some of the detrimental effects that special healthcare needs have on the quality of parent–child interaction (Spittle et al., 2015). In this article, we will review a specific approach to early parenting intervention (i.e., the video feedback intervention) and its application in children with special healthcare needs.

In 2016, about 53 million children worldwide received a diagnosis of neurodevelopmental disabilities (ND), representing 13% of all health problems in childhood (Olusanya et al., 2018). These children are a heterogeneous population with a variety of clinical diagnoses (e.g., cerebral palsy, sensory and/or psychomotor delay, genetic syndromes), which include several deficits that emerge very early in life (Ismail and Shapiro, 2019). Indeed, although diagnoses may vary, infants with ND partially share developmental impairments in physical (e.g., sensory deficits and motor development), emotion-behavioral (e.g., internalizing/externalizing problems), and cognitive domains (e.g., diminished attention span). As a consequence, children with ND can exhibit significant delay in two or more of the following developmental domains: gross/fine motor, speech/language, cognition, social/personal, and activities of daily living. A significant delay in two or more developmental domains affecting children under the age of 5 years is termed global developmental delay (Shevell et al., 2003). The presence of ND can have an impact on early interaction with caregivers, so that naturally occurring engagement processes are challenged and partially impeded (Spiker et al., 2002; Feniger-Schaal et al., 2019). For parents of these children, caregiving is much more complex than in typical development conditions (Giusti et al., 2018). First, parents face a significant emotional burden manifested as high levels of parenting stress, depressive and anxious symptoms (Findler et al., 2016). Second, the communicative signals of children with ND may be less clear for the parents to be interpreted and responded appropriately (Pennington and McConachie, 2001). In turn, less clear signals from the child might result in heightened parental intrusiveness, in the attempt to provide the child with regulatory and physical support (Azad et al., 2013). Moreover, these interactive and relational difficulties can ultimately increase the risk of developing behavioral problems in children (Spittle and Treyvaud, 2016). Importantly, several studies have documented that the quality of parenting is associated with children’s developmental outcomes, even in the presence of ND (Spiker et al., 2002; Assel et al., 2003; Festante et al., 2019). It has been shown that, beside social interaction and emotional support, parents also provide cognitive stimulation during their exchanges with their children, with long-term benefits for cognitive, language, and socio-emotional outcomes up to preschool- and school-age (Anderson et al., 2013; Innocenti et al., 2013; Totsika et al., 2019). Parental responsiveness and teaching associate with the developmental quotient of 23- to 47-month-old children with diverse ND (Vilaseca et al., 2019a). Notably, both paternal and maternal caregiving have been associated with better cognitive and language in development in preschoolers with ND (Vilaseca et al., 2019b). As such, early supportive interventions directed at improving the quality of parental caregiving and parent–infant interaction should be prioritized even in this population (Dyches et al., 2012; Spittle et al., 2015).

The Video Feedback Intervention (VFI) includes an array of procedures aimed at promoting positive parenting, which rely on theoretical principles of infant research tradition and have been used as stand-alone interventions or within extensive treatment programs at home or in hospital settings (Rusconi-Serpa et al., 2009; Groeneveld et al., 2011). VFI allows the parents to observe themselves “from the outside” as they interact with their own child. By promoting self-confrontation through video feedback review, the VFIs positively impact caregiving, with benefits for parental sensitivity and interactive attunement (Bakermans-Kranenburg et al., 2003). Different theoretical and methodological approaches to VFI are described in literature (e.g., Cohen and Beebe, 2002; Juffer et al., 2005, 2017; Schechter et al., 2006). Previous research has highlighted that VFI is associated with better child development and parent-child relationship in different clinical contexts, including children at risk for behavioral problems (Velderman et al., 2006; Balldin et al., 2018), preterm infants (Hoffenkamp et al., 2015; Barlow et al., 2016), hearing impairments (Santos and Brazorotto, 2018), maternal psychopathology (Rackett and Macdonald, 2014; Høivik et al., 2015; Kristensen et al., 2017), and ethnic minorities (Yagmur et al., 2014). Nonetheless, evidence on the effects of VFI in families of children with ND is sparse and lacks systematization. In light of this gap, this study aims (a) to describe the state of the art of VFI application in the presence of ND; (b) to synthesize VFI practice in this context on child and parent outcomes as well as on the quality of parent–child relationship; and (c) to highlight open questions for future research and reproducibility.



METHODS


Literature Search

The literature search was conducted on three databases (i.e., PubMed, Scopus, and Web of Science) with unconstrained time limits. A search string with an intentionally wide scope was used, with the following terms: (video feedback OR video-feedback) AND (infants OR children). The records were checked for duplicates using Endnote X5.01 (Thomson Reuters Scientific Inc., Carlsbad, CA, United States). The remaining papers were then filtered by two independent authors (i.e., ER and EM) by reading titles, abstracts, and the full articles. The presence of any neurodevelopmental risk (e.g., prematurity) or disability conditions with or without sensory impairment (e.g., hearing and visual) was checked through title/abstract screening as well as reading the full articles. Exclusion criteria were non-English language articles, animal studies, reviews, viewpoint papers, study protocols, absence of neurodevelopmental disability or sensorial deficits, and papers not focusing on parent–child relationship. Three additional records have been included through cross-referencing. The whole study selection process is reported in Figure 1.


[image: image]

FIGURE 1. Flowchart of study selection.


The methodological quality of the included papers was assessed using the Quality Assessment Tool for Quantitative Studies (Jackson et al., 2005). Sections A–F (A, selection bias; B, study design; C, confounders; D, blinding; E, data collection methods; F, withdrawal and dropouts) were coded by two independent researchers (i.e., ER and EM) as 3 (weak), 2 (moderate), or 1 (strong) according to the component rating scale criteria. A final 1–3 score is assigned to each paper according to the presence of 2 or more weak scores (3, weak), only 1 weak score (2, moderate), no weak scores (1, strong). Ninety-six percent agreement was reached for the A–F components, and disagreement was generally due to different interpretations of studies. Disagreement was solved in conference by the supervision of the third author (RM). Quality appraisal is reported in Table 1.


TABLE 1. Quality appraisal of the included studies.
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Data Abstracting

A final pool of 10 studies was selected (Table 2). The records were reviewed, and the following data were extracted: authors, year of publication, journal, children characteristics, maternal characteristics, age at start, procedure, setting, number of sessions, frequency of sessions, outcome variable(s), and findings. Data were analyzed according to the aims of the present review. We decided to abstract information about infants’ characteristics related to the ND condition because previous research suggest that parents’ well-being AND/OR parent–infant interaction is affected by the severity of infants’ clinical condition (Smith et al., 2001). Similarly, the quality of parenting and the effect of parental caregiving may also vary as a function of infants’ age (Woolfson and Grant, 2006); as such, we abstracted the age of infants at the start of the included VF interventions. Setting was also abstracted, because parent–children interaction may be different at home or in lab environments (McWilliam et al., 2000), and it would be important for us to document if these VF interventions have been provided at home or in hospitals/rehabilitation centres. Finally, the number and frequency of sessions have been abstracted to control for the different effect of these procedural characteristics on the outcomes.


TABLE 2. Characteristics of the studies included in the review.
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Data Synthesis

First, (a) an in-depth description of different VFI approaches and methodologies is reported, including theoretical underpinnings, techniques, procedures, setting, and timing. Second, (b) effects of VFI on child outcomes, parental well-being, and the quality of parent–child interaction were reviewed. Finally, (c) inconsistencies in methodology were highlighted to inform future research advances and clinical practice.

Data synthesis occurred according to the following clusters: (1) children characteristics, (2) VFI methodology (i.e., procedures, setting, and sessions), and (3) outcomes for child development, parental well-being, and parent–child interaction.



FINDINGS


VFI State of the Art and Methodology


Characteristics of Participating Subjects

The included studies focused on different ND, including cerebral palsy, genetic syndromes with psychomotor delay or non-specified developmental delay (Mahoney and Powell, 1988; Seifer et al., 1991; Kim and Mahoney, 2005; Phaneuf and McIntyre, 2007, 2011; Sealy and Glovinsky, 2016), visual disability (Platje et al., 2018), and hearing problems (Glanemann et al., 2013; James et al., 2013; Lam-Cassettari et al., 2015). Children’s age widely varied among the included studies: the VFI was delivered during the first years of life (from 2 to 36 months) in four studies (Mahoney and Powell, 1988; Seifer et al., 1991; Glanemann et al., 2013; James et al., 2013), during preschool age in five studies (Phaneuf and McIntyre, 2007, 2011; Lam-Cassettari et al., 2015; Sealy and Glovinsky, 2016; Platje et al., 2018), and up to 8 years of age in a mixed sample of preschool and school-aged children (Kim and Mahoney, 2005). A schematic overview of the findings from the original records is included in Supplementary Table S1.



VFI Approaches: Procedures and Methodology

Video-Feedback Intervention protocols varied in terms of setting, main target themes, and timing of sessions. The Transactional Intervention Program (TRIP) is an early home-based intervention for parents of 0- to 3-year-old children to promote responsive parenting, by encouraging parents to adopt specific strategies in their daily interactions with their child (Mahoney and Powell, 1988). Main themes include turn-taking and interactive matching. The TRIP video feedback is applied every 6–10 weeks. The Relationship-Focused Intervention (RFI) (Kim and Mahoney, 2005) is a home-based 3-month-long intervention made up of four components: classroom-based instruction, home-based instruction, video feedback, and evaluation. The video feedback is implemented for two sessions. As for the TRIP, turn-taking and interactive matching strategies are the main target themes. The home-based Individualized Video Feedback (IVF) consists of a 3-session program over a 6-week period, providing feedback to the parents on the strengths and weaknesses of their interactive behaviors (Phaneuf and McIntyre, 2007). The Video Interaction Guidance (VIG) is a 3-session intervention aimed at facilitating the establishment of parental feelings of bonding toward the infant after birth. The VIG may be applied at home- and in hospital settings (James et al., 2013; Lam-Cassettari et al., 2015). The VIG standardized protocol (i.e., video-recording, editing, and reviewing edited recordings with parents) includes preliminary sessions in which therapist and parents co-define the intervention’s goals. A three-tier model of intervention is used by Phaneuf and McIntyre (2011) that consists in self-administered reading material, group training, and individualized video feedback sessions based on strengths and weaknesses of the parents and children behavior. The Developmental Individual-difference Relationship (DIR) focuses on parental attunement to child’s sensory processing abilities (i.e., the way each child takes in, regulates, responds to, and understands sensory stimulations) in order to reinforce co-regulation processes and to reduce disruptive interactive sequences (Sealy and Glovinsky, 2016). Free play interactions between the parent and the child are video-recorded in the hospital setting for subsequent dialogic sessions with the therapist. The number of sessions is not fixed. The Video feedback Intervention to promote Positive Parenting in parents of children with Visual or Visual-and-intellectual disabilities (VIPP-V) (Platje et al., 2018) is a home-based program adapted from the original VIPP from Juffer et al. (2005). Up to seven sessions with varying time intervals focus on specific predetermined themes including exploration versus attachment behavior, speaking for the child, sensitive interactive exchanges, and sharing emotions. An additional focus of interest includes quality of interaction, intersubjectivity, and joint attention. The Muenster Parental Program (MMP) was developed to enhance responsive parental behavior to the child’s vocal and non-verbal signals, and to reduce parental behavioral intrusiveness (Glanemann et al., 2013). The MMP is composed of six group sessions and two individual training sessions, and it focuses on the following themes: waiting for the child’s initiation, following the child’s interest, mirroring vocal and preverbal signals, mirroring the child’s non-verbal signals (movements and actions), and offering expanding feedback. Finally, Seifer et al. (1991) used a hospital-based VFI coaching program that lasted for six weekly sessions and focused on dimensions of reciprocal interaction, non-contingency, and overstimulation.



Impact of the VFI in Neurodevelopmental Disability


Effects on Child Behavior and Developmental Outcomes

Significant reduction of aggressive, disruptive, and emotionally negative behaviors was reported by Phaneuf and McIntyre (2011) in 2- to 4-year-old children with ND. In children with hearing impairment, behavioral problems were found to significantly decrease at the post-intervention assessment with long-lasting effects up to the 3-month follow-up (James et al., 2013). Increased communicative skills and higher developmental quotient were reported by Seifer et al. (1991) in a sample of children with ND. Also Glanemann et al. (2013) found an increase in vocalization behavior in 3- to 18-month children with hearing loss whose parents had participated in the training. James et al. (2013) showed that children with moderate-to-severe ND (i.e., Down syndrome, undetermined cognitive impairment) whose parents attended the VFI increased vocal autonomy, communicative, and vocal productions and were more able to actively interact with the caregiver. Moreover, after the intervention, children with prelingual deaf and hard of hearing showed a better interactive behavior in terms of involvement and responsivity with parents (Lam-Cassettari et al., 2015). Finally, in 2- to 32-month ND children, a higher developmental quotient in association with VFI was also documented by Mahoney and Powell (1988).



Effects on Parent–Child Relationship and Parental Interactive Behavior

The majority of the studies were aimed at modifying maternal behavior in the context of mother–child interaction. Nonetheless, different dimensions of maternal caregiving have been targeted by the diverse VFI approaches, such as interactive turn-taking and matching, contingency and responsiveness, amount of stimulation and intrusiveness, affective behavior, scaffolding of verbal communications and attention, and reduction of inappropriate behaviors. The VFI has been found beneficial to promote better turn-taking strategies, higher matching, better reciprocity and higher responsivity (Mahoney and Powell, 1988; Seifer et al., 1991; Glanemann et al., 2013; Sealy and Glovinsky, 2016), the capacity to promptly and contingently respond to the child’s communicative bids (Kim and Mahoney, 2005; James et al., 2013), the adoption of affective behaviors as well as positive strategies to support child behavioral stability (James et al., 2013; Phaneuf and McIntyre, 2011), and the ability to give meaning to children’s behaviors (i.e., reflective functioning; Sealy and Glovinsky, 2016). Moreover, a reduction in the amount of stimulation and intrusiveness (Mahoney and Powell, 1988; Seifer et al., 1991; Glanemann et al., 2013) as well as in the adoption of inappropriate (Phaneuf and McIntyre, 2007, 2011) and hostile (Lam-Cassettari et al., 2015) behaviors was also observed.



Effects on Parental Well-Being

The impact of VFI on parental psychological health has received far less attention. Improved maternal well-being has been assessed and considered as a reduction in at least one of the following domains: parenting stress (Kim and Mahoney, 2005; Platje et al., 2018), capacity to develop an intimate bond with the child, feeling of enjoyment in the interaction with the child and self-esteem (Lam-Cassettari et al., 2015), and parental self-efficacy (Platje et al., 2018). An inconsistent pattern of results emerged. While two studies found a reduction in parenting-related stress in families of children with psychomotor delay (Kim and Mahoney, 2005; Platje et al., 2018), no significant improvement has been documented in families of congenitally deaf and preverbal children (Lam-Cassettari et al., 2015).



DISCUSSION

The present mini review was aimed at summarizing the evidence on the application of VFIs with parents of children with ND. The promotion of positive parenting and relational interventions is more and more advocated in the field of ND, as they have the highest probability of resulting in long-lasting protective effects on child development and family well-being (Spittle and Treyvaud, 2016). Moreover, it has been demonstrated that parenting interventions that start before preschool age are the most effective, as they appear to be associated with greater economical return for healthcare systems (Doyle et al., 2009). Notably, despite VFIs have been used successfully with different at-risk children populations (Hoffenkamp et al., 2015), only 10 records were retrieved, suggesting that, currently, the application of video feedback to the population of ND children is only partially documented in scientific literature.


VFI With Infants Affected by Neurodevelopmental Disability and Their Parents: A Promising Supportive Intervention

All the studies included reported positive outcomes of VFI on ND children and their parents. First, positive effects on children’s development emerged, including reduced behavioral problems, improved cognitive outcomes, and interpersonal functioning. Second, parents showed increased capacity to read and respond to children’s signals, and there was a consistent positive effect on the quality of parent–infant interaction in terms of reciprocity and mutual regulation. Notably, these effects were documented in all the studies, independently of children diagnosis, degree of impairment, and age. Such cross-disability effect speaks in favor of considering VFI strategies as optimal early interventions that may be pursued both in hospital settings and in the family home environment. Notably, limited evidence on the improvement of maternal well-being and emotional adjustment emerged. Whereas only a limited subset of studies (n = 3) investigated the effects of video feedback methodology on parental stress, depression, and/or anxiety, it should be noted that the main VFI target focused on parental skills and infant/child behavior. Improving children behavior (i.e., emotion regulation) and parental skills might be beneficial to reduce parenting stress in some cases. Nonetheless, the reduction of depressive and anxious symptomatology in parents may only be partially achieved through interaction-focused interventions such as the VFI, especially when parents are facing the chronic and highly demanding ND conditions of their child. Consistently, the lack of a direct effect in promoting parental psychological health suggests that the VFI should be integrated with other parent-directed interventions when concerns for parental psychological health are present.



Open Questions for Clinically Relevant Research

The above-presented findings generate several open questions that highlight the need of further evidence-based clinical practice in children with ND. First, from a methodological point of view, according to previous review on VFI in at-risk children (Balldin et al., 2018), in the included studies emerged a couple of critical issues: low specificity of programs with respect to the VFI features and heterogeneity among measures used for assessments. Thus, a major goal of future research might be the promotion of international consortia of clinicians involved in VFI applied research with ND children. Second, only four out of 10 records obtained the highest quality appraisal score. This appears to be related, at least partially, to the fact that many papers reporting on the effect of VFI with parents of ND children were single case studies. To increase the generalizability and reliability of findings, future research should be directed at testing the effect of VFI in properly designed randomized or quasi-randomized clinical trials. Third, there is still a lack of studies assessing the effects of VFI involving fathers, rather than only mothers. Fathers represent a crucial component of infants’ primary care, especially in ND populations (Provenzi et al., 2016; Fisher et al., 2018). As such, the study of VFI impact with fathers and/or engaging both parents simultaneously is highly warranted. Fourth, the effects of VFI on both parenting skills and children development are generally cross-disability, which is also suggestive of the possibility to conduct studies on the effects of such early interventions on children with specific NDs (e.g., Down syndrome). However, selecting children based on specific diagnosis might result in very limited sample size and under-powered studies. Therefore, the present review suggests that future studies may avoid using diagnosis-specific criteria for defining the parent–child population included in VFI trials, in order to have adequately powered study designs while maximizing the translational value. Finally, it should be highlighted that studies reporting on the effects of either stand-alone video feedback or parenting programs in which video feedback was part of a broader intervention were included in this review. As such, it was not possible to investigate the specific benefits of VFI when it was embedded in more complex and integrated intervention programs. Nonetheless, from a clinical perspective, the integration of different intervention methods constitutes an optimal strategy to respond to the multi-faceted needs of children with ND and their parents, especially in the presence of multiple risk situations and major clinical-care needs.



CONCLUSION

Promoting infants and children’s development through the active engagement of parents should be a priority in the presence of children with ND (Guralnick, 2005; Schuster and Fuentes-Afflick, 2017). Family centred interventions directed at the parent–infant system should be promoted during the early stages of infants’ development (Schuster and Fuentes-Afflick, 2017) in order to maximize their efficacy and to be beneficial for both families and the healthcare systems (Doyle et al., 2009). The VFI appears to be a very promising and effective approach. The present review suggests that specific parental behaviors (e.g., sensitivity and contingent caregiving) and interactive features (e.g., promotion of turn-taking and joint attention) can greatly benefit from VFI programs. Nonetheless, future research should be directed at testing the effectiveness of VFI through appropriately designed randomized clinical trials. Moreover, the VFI should not be used in a one-size-fits-all approach and should be implemented carefully both in home- and hospital-based settings. The clinician’s specific knowledge of typical and atypical development as well as of mother–infant interaction is crucial, which means that VFI should be applied and delivered only by well-trained healthcare professionals with an adequate background and experience in the field. Finally, the integration of VFI protocols with validated individual interventions directed at promoting either psycho-motor adjustment of children and parental emotional well-being should be pursued in clinical settings and adequately documented in future studies.
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In this study, we analyzed whether 6-month gross and fine motor skills were related to 12-month gross and fine motor skills and cognitive development, controlling for 6-month cognitive skills, and neonatal status (extremely low gestational age ELGA ≤ 28 weeks vs. full-term FT ≥ 37 weeks). We also investigated, at 6 months, predictive indexes for motor and cognitive delay at 12-months. We assessed 40 infants (20 ELGA and 20 FT) at 6 and 12 months (corrected age for the ELGA infants). Six-month gross motor skills were related to 12-month gross motor, fine motor, and cognitive skills and predicted 12-month gross motor delay. Six-month cognitive skills explained an additional amount of variance of 12-month gross motor skills, whereas neonatal status explained an additional amount of variance of 12-month cognitive skills. Considering the intradomain and cross-domain cascading effects of early gross motor skills on later motor and cognitive development, these skills should be repeatedly assessed in ELGA infants in the first year of life for early identification of infants with delayed gross motor skills and implementation of customized interventions.
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INTRODUCTION

The survival rate of extremely low gestational age (ELGA) infants, that is, with a gestational age ≤ 28 weeks, has considerably improved over the last 20 years (Ruegger et al., 2012; Johnson and Marlow, 2017). Nevertheless, these infants have a high risk for developmental delays across multiple domains, even in the absence of major cerebral damage (de Kievet et al., 2009; Mansson and Stjernqvist, 2014; Sansavini et al., 2014; Lefebvre et al., 2016). Motor development is particularly affected in ELGA infants during the first months of life and throughout childhood and adolescence (de Kievet et al., 2009; Sansavini et al., 2011, 2014; Mansson and Stjernqvist, 2014; Lefebvre et al., 2016; Fuentefria et al., 2017). de Kievet et al. (2009) reported in their meta-analysis that preterm children with a mean gestational age of 28.2 weeks are on average -0.57 to -0.88 SD behind their full-term (FT) peers (gestational age ≥ 37 weeks) in motor development from the first years of life to 15 years of age.

Concerning gross motor skills, some studies have reported that ELGA infants lagged behind FT peers from the first months of life up to 24 months (Sansavini et al., 2011; Yaari et al., 2018). The gap between ELGA and FT infants in gross motor development persisted (Yaari et al., 2018) and increased up to the third year of life, as shown by a further study (Sansavini et al., 2014). Other studies have examined specific aspects of gross motor functioning in the ELGA population, pointing out atypical trajectories in the acquisition of motor milestones in extremely preterm infants throughout the first 18 months of age (Pin et al., 2009, 2010). Indeed, between 4 and 8 months, these infants showed an uneven progression of the sitting posture, and at 8 months of age, only 56% of the ELGA infants had achieved a stable unsupported sitting posture compared to 90% of the FT infants (Pin et al., 2009). The gap in gross motor development between ELGA and FT infants persisted up to 18 months of age, because at this age, one third of infants in the preterm sample had not yet reached mature mobility and independent walking (Pin et al., 2010). In addition, a few studies examined the prevalence of moderate-severe delays (scores below 2 SD) in gross motor development in the first years of life. At 24 months, 16.6% of the extremely preterm children, assessed by the EPIPAGE-2 study through a parental questionnaire, scored below 2 SD with respect to the normative values (Pierrat et al., 2017); at 30 months, 7% of the extremely preterm children, assessed by the EXPRESS study through a standardized instrument, scored 2 SD below the mean of their control group (Mansson and Stjernqvist, 2014).

Concerning fine motor skills, evidence in studies using standardized assessments revealed that ELGA infants obtained lower eye-hand coordination scores from 1 to 24 months of age than their FT peers, with a significantly increasing gap over time (Sansavini et al., 2011; Yaari et al., 2018). In another study, researchers reported that ELGA infants received lower fine motor scores than FT infants at 12, 24, and 30 months (Sansavini et al., 2014). Focusing on object exploration it was found that, compared to controls, ELGA infants explored objects for a shorter duration (Lobo et al., 2015), showed less advanced oral and manual exploratory behaviors at 6 months (Zuccarini et al., 2016), and uneven developmental exploratory patterns between 6 and 9 months than their FT peers (Zuccarini et al., 2017). Concerning the prevalence of moderate-severe delays (scores below 2 SD) in fine motor development in the first years of life, the EXPRESS study found that 12.4% of the extremely preterm children at 30 months, assessed through a standardized instrument, scored 2 SD below the mean of their control group (Mansson and Stjernqvist, 2014).

Together, these findings highlight that extremely preterm birth is associated with poor motor skills and suggest the relevance of assessing the motor development of ELGA infants in follow-up programs. This is crucial for identifying which motor behaviors can predict later motor development (Evensen et al., 2009; Charitou et al., 2010) and for differentiating preterm infants at higher risk of developing motor impairments in order to facilitate targeted interventions as early as possible (Zwicker, 2014; Lefebvre et al., 2016).

Despite this evidence, studies examining the predictive value of early motor assessment on later motor development in the ELGA population are very scarce. In the study by Lefebvre et al. (2016), gross motor scores at 4, 10, and 12 months predicted gross motor scores at 18 months. Specifically, ELGA infants not delayed in gross motor development across the first year of life obtained higher scores at 18 months. However, that study investigated the associations between early and later motor skills without considering the interrelations among motor subdomains. In addition, it included ELGA infants with neurological damage and did not include a control group.

Early motor development can also have cascading effects on other developmental domains. A recent growing body of evidence has revealed that early motor milestones are strictly associated with cognitive functions in FT infants as well as in ELGA infants (Lefebvre et al., 2016; Oudgenoeg-Paz et al., 2017; Zuccarini et al., 2017). As shown in the review by Oudgenoeg-Paz et al. (2017), specific gross motor behaviors such as early postural control or general spontaneous movements in the first months of life are predictive of cognitive skills assessed by the first year of life and during childhood in preterm children. For example, Lefebvre et al. (2016) found that gross motor scores, across the first year, predicted, not only motor scores, but also cognitive scores at 18 months in ELGA infants with neurological damage. However, Lefebvre et al. did not control (a) for early cognitive development that could partially explain the relationship between the motor and cognitive domains and (b) the specific contribution of early gross and fine motor skills to 12-month cognitive development in the ELGA population.

We designed this study with three main objectives. First, we examined whether gross and fine motor skills at 6 months were related to gross and fine motor skills at 12 months of age, controlling for 6-month cognitive performance and neonatal status (ELGA vs. FT status). Based on previous studies (Lefebvre et al., 2016), we expected to find significant intra-domain relationships. Second, we examined whether gross and fine motor skills at 6 months were related to cognitive skills at 12 months, controlling for 6-month cognitive performance, and neonatal status. Based on previous studies, we expected to find significant cross-domain relationships; in particular, we expected that gross motor skills (Lefebvre et al., 2016; Oudgenoeg-Paz et al., 2017) will predict later cognitive development. Finally, we explored whether gross and fine motor skills at 6 months predicted a delay in fine and gross motor development and in cognitive development at 12 months, controlling for 6-month cognitive performance and neonatal status. Based on previous studies (Lefebvre et al., 2016), we expected that early motor skills, in particular poor gross motor skills, will predict a subsequent motor and cognitive delay.



MATERIALS AND METHODS


Participants

The sample included 40 Italian monolingual infants, 20 ELGA and 20 FT, all living in Emilia-Romagna, a region in Northeast Italy. The ELGA infants were born at the Neonatal Intensive Care Unit of Bologna University hospital; the FT infants were recruited at the same hospital. All infants had no major cerebral damage, congenital malformations, or visual or hearing impairments. The ELGA and FT infants’ biological, medical, and sociodemographic characteristics are described in Table 1. The two groups were comparable in gender, maternal education level, and maternal age.


TABLE 1. Biological, socio-demographic, and medical characteristics of participants.
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Procedure

This study is part of a longitudinal study that followed the development of ELGA infants from birth to preschool age. For this paper, we considered data on gross motor, fine motor and cognitive skills at 6 and 12 months. The ELGA infants’ age was corrected to take into account their level of neuropsychological maturation, as in many studies conducted on preterm infants in the first 2 years of life (Johnson and Marlow, 2006; Sansavini et al., 2011). At the 6-month assessment, the ELGA infants had a mean corrected age of 6 months and 3 days (SD = 7 days); the FT infants had a mean chronological age of 6 months and 5 days (SD = 12 days). At the 12-month assessment, the ELGA infants had a mean corrected age of 12 months and 6 days (SD = 9 days); the FT infants had a mean chronological age of 12 months and 3 days (SD = 9 days). At both assessments, no significant difference was found between the ELGA infants’ corrected age and the FT infants’ chronological age.

At 6 and 12 months, all infants were administered the revised Griffiths Mental Development Scales 0–2 years (GMDS-R, Griffiths, 1996) by a trained psychologist in a quiet room of the Unit of Neonatology of the Bologna University hospital.

The study met ethical guidelines for human subject protections, including adherence to the legal requirements of Italy, and received formal approval from the local Ethical Committee. All parents of the ELGA and FT infants gave informed written consent for study participation, data analysis, and data publication.



Materials

Concerning the GMDS-R (Griffiths, 1996), for the current study, the locomotor (gross motor skills), eye and hand coordination (fine motor skills), and performance (cognitive skills) subscales were considered at 6 and 12 months.

The locomotor subscale assesses gross motor skills such as postural control balance and gross body coordination; the eye and hand coordination subscale assesses fine motor skills, such as manual dexterity, and manipulative skills (e.g., visual tracking, reaching and grasping, and object manipulation); the performance subscale assesses cognitive skills, such as planning, completing intentional actions, and representing objects. We calculated the subscale scores by referring to the English normative values, as done in previous studies (Sansavini et al., 2011; Zuccarini et al., 2016, 2017) because an Italian standardization of this scale is not available yet. These scales have been used for clinical and research purposes in follow-up studies of preterm infants in several European countries (see a recent review by Pascal et al., 2018). Satisfactory reliability and validity were reported by the author (Griffiths, 1996), with internal consistency coefficients (using the split-half method) ranging from 0.91 to 0.97 and test–retest reliability ranging from 0.40 to 0.89 for the locomotor subscale, from 0.66 to 0.69 for the eye and hand coordination subscale, and from 0.10 to 0.45 for the performance subscale, becoming higher in the second half of the first year.

According to Griffiths’s (1996) manual, a delay in the locomotor (gross motor), eye and hand coordination (fine motor), and performance (cognitive) subscales was defined as a standardized score lower than 2 SD below the mean (i.e., locomotor and eye and hand coordination: M = 100.2, SD = 15.9, and delay score < 68.4; performance: M = 100.4, SD = 16.0, and delay score < 68.4). The cut-off of 2 SD below the mean has also been used as a reference for identifying children with moderate-severe delays in gross motor and fine motor skills in the first years of life by some cohort studies, i.e., the EPIPAGE-2 (Pierrat et al., 2017), and the EXPRESS study (Mansson and Stjernqvist, 2014), describing neurodevelopmental outcomes of extremely preterm children.

Along these lines, in the current study, we have found that at 12 months, five (25%) ELGA infants and two (10%) FT infants were delayed in the gross motor domain, one (5%) ELGA infant was delayed in the fine motor domain, and one (5%) ELGA infant was delayed in the cognitive domain. The Fisher exact test did not reveal significant differences between the percentages of ELGA and FT infants with a delay in gross motor, fine motor, and cognitive development at 12 months.



Statistical Analyses

We ran statistical analyses with SPSS 21.0 for Windows with the significance level set at 5%. We checked data for violation of assumption of normal distribution using the Kolmogorov–Smirnov test.

Preliminary, we conducted descriptive analyses and ANOVAs to ascertain whether differences in gross and fine motor and cognitive scores at 6 and 12 months emerged in function of neonatal status (ELGA vs. FT; see Table 2). Statistical comparisons revealed that the ELGA infants had lower scores than the FT infants on gross motor, fine motor, and cognitive subscales at 6 and 12 months (see Table 2).


TABLE 2. Means, Standard Deviations and One-Way Analyses in 6 and 12-month gross motor, fine motor, and cognitive scores.

[image: Table 2]We also ran Pearson correlation analyses to explore relationships between motor and cognitive skills at 6 and 12 months in the whole sample (n = 40). Results revealed significant intra-domain and cross-domain relationships among gross motor, fine motor, and cognitive raw scores at 6 and 12 months (see Table 3 for correlations between 6 and 12 months; see Supplementary Tables S1, S2 for concurrent correlations at 6 and 12 months).


TABLE 3. Pearson’s correlations among gross motor, fine motor and cognitive scores at 6 and 12 months.

[image: Table 3]Based on these preliminary analyses, we performed hierarchical linear regressions to examine relationships between gross motor and fine motor scores at 6 months and gross motor (first regression), fine motor (second regression), and cognitive (third regression) scores at 12 months, controlling for 6-month cognitive scores and neonatal status (ELGA vs. FT infants). We used raw scores in linear regression analyses because they more accurately describe the growth in outcome variables over time. Because a relevant number of children with a delay at 12 months was found only in the gross motor subscale, we performed a logistic regression to assess whether gross and fine motor standardized scores at 6 months were predictors of gross motor delay at 12 months, controlling for 6-month cognitive standardized scores and neonatal status (ELGA vs. FT infants).



RESULTS

The first hierarchical regression analysis showed that the 6-month gross motor score (β = 0.73, p < 0.001) predicted the 12-month gross motor score with a R2 of 0.53, F(1, 39) = 42.51, and p < 0.001. As presented in Table 4, when we included the 6-month fine motor score (Model 2) and neonatal status (Model 4), the R2 did not increase significantly. In contrast, when we included the 6-month cognitive score (β = 0.43, p = 0.023; Model 3), the R2 increased significantly to 0.59, F(1, 39) = 17.48, and p < 0.001. This suggests that the 6-month gross motor score predicted the 12-month gross motor score and the 6-month cognitive score explained an additional significant amount of variance (ΔR2 = 0.06, p = 0.023).


TABLE 4. Hierarchical regression analyses models for 12-month gross motor, fine motor, and cognitive scores.

[image: Table 4]The second linear regression analysis showed that the 6-month gross motor score (β = 0.58, p < 0.001) predicted the 12-month fine motor score with an R2 of 0.34, F(1, 39) = 19.16, p < 0.001 (see Table 4). When we included the 6-month fine motor score (Model 2), the 6-month cognitive score (Model 3), and neonatal status (Model 4), no significant additional amount of variance was explained.

The third linear regression analysis showed that the 6-month gross motor score (β = 0.65, p < 0.001) predicted the 12-month cognitive score with an R2 of 0.42, F(1, 39) = 27.46, and p < 0.001. As presented in Table 4, when we included the 6-month fine motor score (Model 2) and the 6-month cognitive score (Model 3), no significant additional amount of variance was explained; whereas, when we included neonatal status (Model 4), the R2 increased significantly to 0.56, F(1, 39) = 10.94, and p < 0.001. This suggests that the 6-month gross motor score predicted the 12-month cognitive score and the neonatal status explained an additional significant amount of variance (ΔR2 = 0.11, p = 0.005).

The logistic regression analysis showed an R2 of.307, Wald, X2(1) = 4.051, and p = 0.044, revealing that the 6-month gross motor score (B = -0.27; OR = 0.766) was a significant predictor of delay in gross motor development at 12 months. Our findings can be interpreted as showing that for every one unit increase in 6-month gross motor score, the odds of being delayed in the gross motor domain at 12 months decreased by 0.27 unit.



DISCUSSION

This study showed that early gross motor abilities have intra-domain cascading effects on motor development and cross-domain cascading effects on cognitive development and can be considered an early index for identifying delays in the gross motor domain. Specifically, 6-month gross motor skills were related to 12-month gross motor, fine motor, and cognitive skills and predicted 12-month gross motor delays. Six-month cognitive skills explained an additional amount of variance of 12-month gross motor skills, whereas neonatal status explained an additional amount of variance of 12-month cognitive skills.

Our study provides new evidence on the intradomain relationships between early and later motor development in ELGA infants. In particular, our results revealed that gross motor skills at 6 months predicted gross motor skills at 12 months and played a crucial role in predicting fine motor skills at 12 months. As argued by previous studies, gross motor skills and, particularly, the achievement of adequate postural sitting and head control promote development of arm and hand function (Plantiga et al., 1997), grasping and visuo-motor integration (Wang et al., 2011), and reaching (Rochat and Goubet, 1995; Carvalho et al., 2008) as well as the quantity and quality of object exploratory behaviors (Soska and Adolph, 2014; Marcinowski et al., 2019). In accordance with these arguments, our findings suggest that the accomplishment of adequate gross motor development is a relevant prerequisite for later perceptual motor integration, object manipulation, reaching, grasping, and functional hand skills. Therefore, an uneven development of gross motor abilities may have cascading effects not only on later gross motor functions but also on fine motor ones. Interestingly, we also found that cognitive skills at 6 months explained an additional portion of variance in gross motor development at 12 months. This suggests that in addition to early gross motor skills, cognitive skills, more than the neonatal condition, may affect later gross motor outcomes.

Our findings revealed cross-domain cascading effects of early gross motor skills on 12-month cognitive skills. This result provides new evidence in extremely preterm infants, showing an association between early gross motor skills, assessed at 6 months, and cognitive skills already evident by 12 months. A previous study (Lefebvre et al., 2016) reported this association with cognitive skills at 18 months. Our results showed also that the relationship between early gross motor skills and later cognitive skills is present not only when considering specific gross motor skills (i.e., the quality of postural control or of general movements), as found in previous studies on the preterm population (Wijnroks and van Veldhoven, 2003; Oudgenoeg-Paz et al., 2017), but also when considering global gross motor skills assessed with a standardized tool. This confirms that motor development is a driving force for development in other domains, such as the cognitive one. Indeed, the acquisition of early motor skills and, in particular, of gross motor skills, provides infants with new learning opportunities, initiating, in this way, developmental cascades that affect subsequent cognitive achievements. For example, as shown in Wijnroks and van Veldhoven (2003) study, preterm infants with better postural control at 6 months scored higher in cognitive measures 6 and 18 months later. Indeed, the acquisition of good postural control, and, in particular, sitting without support, is a necessary prerequisite for goal-oriented behaviors, such as reaching (Rochat and Goubet, 1995). Reaching objects, in turn, enables infants to explore them and learning their characteristics, contributing in this way to infant cognitive development (Ruff et al., 1984; Zuccarini et al., 2017). Evidence that motor and cognitive development are intertwined has been provided by a growing body of theories (Smith, 2005) and related empirical behavioral and neuropsychological studies (Oudgenoeg-Paz et al., 2017). Indeed, neuroimaging studies have shown that several cognitive and motor tasks require the activation of the same neural areas (e.g., the dorsolateral prefrontal cortex and cerebellum), suggesting that motor and cognitive skills may involve the same underlying neural system and need to be studied not in insolation (Diamond, 2000).

Besides early gross motor skills, we have demonstrated that neonatal status explained an additional portion of the variance of cognitive development in the first year of life. This finding brings new evidence that preterm birth contributes to determining atypical developmental trajectories (Sansavini et al., 2011), with cascading effects on general cognitive development, as found in previous studies (Sansavini et al., 2011, 2014). To deeply understand these effects, future studies should examine in the preterm population the impact of early motor skills on specific cognitive functions emerging at the end of the first year, such as the beginning of cognitive planning, inhibition, and selective attention (Downes et al., 2018).

We also found correlations between fine motor and cognitive scores at 6 months and fine motor and cognitive scores at 12 months. However, when we considered gross motor skills in the regression model and controlled for cognitive skills at 6 months and neonatal status, the variance of 12-month fine motor and cognitive scores was explained mostly by the 6-month gross motor scores. This result may have several explanations. On one hand, as the neuroconstructivist approach assumes, developmental competencies are highly interrelated in the first year of life, whereas they become more differentiated and specialized in the following years (Karmiloff-Smith, 2009). Thus, it seems that gross motor skills are related to and significantly affect fine motor and cognitive skills during the first year of life. On the other hand, motor development proceeds from the proximal parts of the body, i.e., head and trunk, and the proximal functions, i.e., the postural control, to the distal parts of the body, i.e., hands and feet, and distal functions, i.e., fine motor skills (Case-Smith et al., 1989). According to this model, a study on preterm infants (Wang et al., 2011) showed that a high percentage of variance of fine motor skills was explained by the scores of postural control at 6 months, suggesting that there is a functional relationship between proximal motor control and the development of distal functions. Furthermore, as mentioned above, the ability to reach objects in the environment, allowing to explore them, is considered a relevant precursor of later cognitive development. Taking into account this evidence, we can speculate that, although, fine motor and cognitive scores at 6 months correlated with fine motor and cognitive scores at 12 months, the main predictive power was coming from 6-month gross motor skills that appear as the foundation for the other two domains.

Our findings also showed that gross motor scores at 6 months predicted delays in gross motor development at 12 months. This result confirms and expands previous findings by Lefebvre et al. (2016) showing that gross motor skills in the first year of life play a crucial role in predicting later motor outcomes, even in ELGA infants without neurological damage. Importantly, this result is also in line with the recommendations of the American Academy of Pediatrics for detecting infants at risk of motor delays. Indeed, at the recommended screening visit at 9 months of age, specific gross motor skills, such as sitting well without support or rolling to both sides, should have been acquired, and their absence at that age is an index of delay (Noritz et al., 2013). Along these lines, at 12 months, the inability to stand with support or a still immature trunk control may suggest a motor insufficiency (Pin et al., 2010). Indeed, in our sample, 25% of the ELGA infants presented a gross motor delay, characterized by the inability to stand with support or alone and begin to walk. A delay was also identified in infants born at term, but only in 10% of the 12-month FT group. Pin et al. (2010) also found a high variability in gross motor skills at 12 months, that tended to decrease at later ages. As Mansson and Stjernqvist (2014) showed, the prevalence of moderate–severe delays in the gross motor domain in extremely preterm infants decreased around 30 months of age. Further studies should thus investigate the persistence of delay in gross motor development among healthy extremely preterm children after the first year of life. Indeed, a longitudinal motor assessment is highly recommended to increase the predictive and discriminative value of the assessment as well as to detect, across the first year, infants at risk for later motor disorders (Spittle et al., 2008).


Limitations and Future Directions

Some limitations of the current study need to be taken into account. First, we based our assessment of gross and fine motor development on a standardized test, the GMDS-R, commonly used in clinical practice and scientific studies conducted with the preterm population (Sansavini et al., 2011, 2014; Mansson and Stjernqvist, 2014), and recognized as a valid tool for examining motor development in the first year of life (Evensen et al., 2009; Greene et al., 2012). However, other tools developed to evaluate specific gross motor behaviors—for example, spontaneous general movements and postural development- and specific fine motor behaviors- for example, reaching kinematics or object exploration—should also be used in future studies to deeply investigate the relationships between gross and fine motor skills and later developmental outcomes. Indeed, as other studies on typically developing and ELGA infants have suggested (Charitou et al., 2010; Pin et al., 2010), researchers in the future could examine the achievement of specific gross motor milestones, for example, unsupported sitting, fine motor milestones, proficient planning, control of reaching, or complex object exploratory patterns (Fallang et al., 2005; Zuccarini et al., 2016, 2017; Kaul et al., 2019), as well as, their relationships with spontaneous general movements, e.g., anti-gravity limbs movements, showed by preterm infants in the very first months of life (Miyagishima et al., 2018). This could be helpful for more deeply understanding intradomain and cross-domain relationships and for identifying which specific early gross and fine motor skills predict later motor and cognitive development in ELGA infants.

A second limitation is the small sample size of infants classified as delayed in the fine motor and cognitive domains at 12 months, hence we could not address the question of antecedents and predictors of delays in an exhaustive way. A larger sample of extremely preterm infants should thus be recruited in future studies to detect a sufficient number of infants showing motor and cognitive delays by the end of the first year of life.

Third, we focused on relationships between early motor skills and motor and cognitive development in the first year of life. Indeed, at 6 and 12 months we assessed cognitive skills in terms of performance abilities that can be precursors of higher level cognitive functions, i.e., problem solving or executive functions, often impaired in preterm infants, that develop later than the first year of age (Oudgenoeg-Paz et al., 2017). Thus, it would be important in future studies to examine these relationships assessing higher level cognitive functions at later ages. Furthermore, some studies have demonstrated that early motor skills are also strictly linked to other developmental domains, for example, the language domain, in typically developing infants (Iverson, 2010), and in ELGA infants (Zuccarini et al., 2017, 2018), and several psychological functions, e.g., perception, spatial cognition, social, and emotional development, in typically developing infants (Campos et al., 2000). One noteworthy observation is the relationships between early motor skills and other domains seem to become weaker at preschool and school age in typically developing children (Libertus and Hauf, 2017). Therefore, in future studies, researchers should examine the persistence of these relationships in the ELGA population as a function of age, taking into account associations with other domains.

Fourth, our study included healthy extremely preterm infants compared to FT infants. Researchers in future studies could examine a sample of preterm infants with a wider range of gestational ages to analyze whether the same intra-domain and cross-domain cascading effects are present. For example, Kaul et al. (2019) found that the associations between early reaching and later neurodevelopment changed as a function of gestational age; specifically, among extremely preterm infants, visuomotor planning and control of reaching were strongly related to later cognition, whereas among very preterm infants, executional aspects of reaching (i.e., bimanual coupled reaches) were more strongly related to later cognitive development. Moreover, in the future, increasing the sample size of preterm as well as of full-term infants would allow to explore whether these associations differ in function of neonatal status (ELGA vs. FT).

Finally, in the current study, we did not consider the environmental influences on infant’s motor performance such as infant’s early motor experiences. In the future, those aspects could be considered to further investigate intradomain and cross-domain relationships in ELGA and FT infants in the first years of life (Spittle et al., 2008).



Conclusions and Clinical Implications

In sum, our findings highlighted that gross motor skills at 6 months have cascading effects on motor and cognitive development at 12 months. Furthermore, gross motor skills at 6 months appear a reliable index for identifying later delays in the gross motor domain.

The results of this study have clinical implications for follow-up and intervention programs designed for ELGA infants. Considering the crucial role that early motor skills and, in particular, early gross motor skills play in later motor and cognitive development across the first year of life, assessing and supporting these abilities as soon as possible appear highly relevant. In particular, our findings underscore the relevance for clinicians to assess gross motor skills at 6 months and identifying early gross motor behaviors that could have an impact on later development. For example, as shown in a previous study on preterm infants, difficulties in postural control, i.e., a less stable control of the trunk, extension of the elbows, or signs of hyperextension, at 6 months, have a significant impact on later cognitive tasks, such as the ability of problem solving (Wijnroks and van Veldhoven, 2003). Another study on infants at high familiar risk for Autism Spectrum Disorders (LeBarton and Iverson, 2016) has shown that the acquisition of stability in sitting at around 6 months has cascading effects on later communicative development. Therefore, detecting motor delay at an early stage, and, in particular, motor delays in gross motor skills, and implementing effective interventions could reduce the impact of impaired early motor skills on later development, both within the motor domain, and across other domains (Spittle et al., 2008). As underscored recently, interventions on preterm infants should be carried out beyond the first months of life and should include guidelines for parents and caregivers on motor development (Valentini et al., 2019). Along these lines, a meta-analysis by Spittle et al. (2012) suggested that interventions focusing on preterm infants (e.g., physiotherapy), and their parents (e.g., parent–infant relationships) had a positive impact on motor development and cognitive development, improving outcomes in these domains during infancy and preschool age. Consistently with these findings, a recent randomized trial study confirmed that improving parenting practices, for example, guiding parents to teach their infants new skills, such as postural control or grasping toys, had a significant impact especially on preterm infants’ motor skills (Colditz et al., 2019). In conclusion, our findings highlight the relevance of early motor skills to preterm infants’ development, and thus point to the importance of assessing those skills and implementing early interventions, which also involve the caregivers.
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Research with children and adults suggests that people’s math performance is predicted by individual differences in an evolutionarily ancient ability to estimate and compare numerical quantities without counting (the approximate number system or ANS). However, previous work has almost exclusively used visual stimuli to measure ANS precision, leaving open the possibility that the observed link might be driven by aspects of visuospatial competence, rather than the amodal ANS. We addressed this possibility in an ANS training study. Sixty-eight 6-year-old children participated in a 5-week study that either trained their visual ANS ability or their phonological awareness (an active control group). Immediately before and after training, we assessed children’s visual and auditory ANS precision, as well as their symbolic math ability and phonological awareness. We found that, prior to training, children’s precision in a visual ANS task related to their math performance – replicating recent studies. Importantly, precision in an auditory ANS task also related to math performance. Furthermore, we found that children who completed visual ANS training showed greater improvements in auditory ANS precision than children who completed phonological awareness training. Finally, children in the ANS training group showed significant improvements in math ability but not phonological awareness. These results suggest that the link between ANS precision and school math ability goes beyond visuospatial abilities and that the modality-independent ANS is causally linked to math ability in early childhood.

Keywords: approximate number system, training, math ability, modality-independent, individual differences


INTRODUCTION

Educated adults and children use at least two systems to represent and process numerical information: an approximate number system (ANS), which allows observers to form imprecise estimates of the number of items in a collection without verbally counting (Dehaene et al., 1998), and an exact number system, which allows them to represent precise cardinalities and which is essential for formal mathematics (Dehaene, 1992). As educated adults, we use both of these systems daily. For example, we might use our ANS to quickly estimate whether we have fewer than 10 items in our shopping cart, whereas we might use our exact number system to make sure we receive the correct change after paying for our groceries.

Although both the ANS and exact number representations support numerical reasoning, they represent number differently. The ANS outputs a noisy sense of numerosity and, as a result, the ease with which we can discriminate one number from another using the ANS depends on the ratio between the quantities. For example, observers who are briefly shown 5 blue and 10 yellow dots (i.e., a ratio of 2 when dividing the larger by the smaller number) have little difficulty in deciding that there are more yellow than blue dots. However, if shown five blue and six yellow dots (i.e., a ratio of 1.2), many observers struggle to identify the more numerous quantities without serially counting. The fact that close quantities are more difficult to discriminate shows that ANS representations are imprecise. The degree of this imprecision varies both across development (Lipton and Spelke, 2003; Halberda and Feigenson, 2008; Halberda et al., 2012; Odic, 2018) and across individuals (e.g., Halberda et al., 2008; Libertus and Brannon, 2010). Exact number representations, on the other hand, are precise and allow for exact comparisons (e.g., allowing observers to represent that six is exactly one more than five; and 106 is exactly one more than 105). Furthermore, whereas the ANS is present from birth (Izard et al., 2009) and is found in non-human animals, including fish (Dadda et al., 2009), rodents (Meck et al., 1985), and primates (Cantlon and Brannon, 2006), the exact number system is uniquely human and is acquired slowly over the course of development as children learn to count (Wynn, 1992; Feigenson et al., 2004; Carey, 2009).

Despite their phylogenetic and ontogenetic differences, recent work suggests that primitive numerical approximation abilities and symbolic, school-based mathematical abilities may be linked (see Chen and Li, 2014; Fazio et al., 2014; Schneider et al., 2017, for meta-analyses). For example, Halberda et al. (2008) found that individual differences in adolescents’ ANS precision (i.e., their ability to rapidly decide which of two dot arrays was more numerous) related to their school math abilities tested even back in kindergarten. Subsequent work found that this relation is present prior to formal math instruction (Libertus et al., 2011; Bonny and Lourenco, 2013) and is maintained throughout adulthood (Lyons and Beilock, 2011; DeWind and Brannon, 2012; Halberda et al., 2012; Libertus et al., 2012; Lourenco et al., 2012). ANS precision also predicts future math ability. For example, ANS precision measured at 6 months of age (or measured in the early preschool years) predicts later symbolic math performance (for a review, see Mazzocco et al., 2011; Feigenson et al., 2013; Starr et al., 2013; Libertus et al., 2013a). And finally, experimental studies suggest that training of the ANS can improve subsequent symbolic math performance in adults and children (Park and Brannon, 2013, 2014; Hyde et al., 2014; Park et al., 2016; Wang et al., 2016; but see Lindskog and Winman, 2016; Merkley et al., 2017; Szucs and Myers, 2017, for critiques of these training studies).

Given that approximate numerical intuitions are shared across a wide range of animal species whereas exact number concepts are uniquely human, findings suggesting a link between the evolutionarily ancient ANS and modern school mathematics abilities have been surprising, and the nature of this link has been vigorously debated. Whereas some believe that the ANS plays an important causal role in symbolic math learning (Dehaene, 1997; Starr et al., 2013; Park and Brannon, 2014), others suggest that the relation between the ANS and math performance does not implicate primitive numerical representations in supporting symbolic math. There are at least two versions of this view. One is that tasks designed to measure numerical approximation abilities instead measure the ability to represent one or more non-numerical dimensions of continuous extent in visual arrays, like density, cumulative surface area, or convex hull (Ginsburg and Nicholls, 1988; Vos et al., 1988; Allik and Tuulmets, 1991; Durgin, 1995; Tokita and Ishiguchi, 2010b; Dakin et al., 2011; Tibber et al., 2012; Gebuis et al., 2016; Leibovich et al., 2016). Indeed, visual aspects of stimulus arrays have been shown to affect ANS performance. For example, numerical discrimination is often better when the more numerous array is larger in total surface area or is denser (Rousselle et al., 2004; Halberda and Feigenson, 2008; Rousselle and Noel, 2008; Soltesz et al., 2010; Fuhs and McNeil, 2013). These findings have led some to suggest that “the existence of an approximate number system that can extract number independent of the visual cues appears unlikely” (Gebuis and Reynvoet, 2012, p. 642; for further discussion of this view, see Odic and Starr, 2018; Halberda, 2019). According to this view, the correlation between ANS tasks and symbolic math performance – and the improvement in symbolic math seen after ANS training – reflects a link between the processing of continuous magnitude dimensions (or the executive functions required to use such cues; see Gilmore et al., 2013) and math ability, rather than between approximate number and math ability.

A related claim is that general visuospatial processing skills mediate the relation between approximate and exact math. Even if observers engage numerical representations in visual ANS tasks, they must also engage in spatial attention, visual-spatial segregation, and executive functioning. For example, Cheyette and Piantadosi (2019) recently showed that visual fixation patterns predicted adults’ non-symbolic number estimates (see also Paul et al., 2017). Some have suggested that it is variation in such aspects of visual processing that is measured by ANS tasks and that this in turn predicts math performance, rather than variation in an abstract, nonverbal “number sense.” Several lines of work suggest that visuospatial abilities may be involved in both numerical approximation and symbolic math. First, visuospatial abilities – and especially spatial attention – also are important for symbolic math. Children who are better at sustaining attention in a visual object tracking task show better symbolic math performance (Anobile et al., 2013), as do children with better visual working memory (Bull et al., 2008; LeFevre et al., 2010) and children with stronger executive function skills (Bull and Scerif, 2001; Mazzocco and Kover, 2007; Bull et al., 2008). Second, there are well-known neural links between visuospatial abilities and numerical processing, with both visuospatial tasks and numerical tasks frequently activating the intraparietal sulcus (IPS; Hubbard et al., 2005; Kaufmann et al., 2008; Zago et al., 2008; Dehaene, 2009). Activity in the IPS during a visual working memory task has been shown to predict symbolic math performance 2 years later (Dumontheil and Klingberg, 2012). Third, mathematical learning disability (i.e., developmental dyscalculia) has been linked to deficits in visuospatial processing (Rosenberg, 1989; von Aster and Shalev, 2007) and developmental impairment due to Williams syndrome or extremely premature birth is also associated with simultaneous visuospatial and numerical deficits (Molko et al., 2003; Hellgren et al., 2013; Libertus et al., 2014, 2017). From these findings, some have concluded that ANS tasks and symbolic math tasks both draw on visuospatial processing, but have no deeper link than that (Tibber et al., 2013; Zhou et al., 2015).

To date, this debate about the role of visuospatial abilities in the ANS-math link remains unresolved. At its center is a fundamental methodological challenge: it is impossible to dissociate all visuospatial abilities within the context of a visual, non-symbolic number comparison task. Because visual features are the means by which visual number information is presented, there will always be some visual confound that could explain the link between performance in a visual ANS task and performance in a math task. But while no visual ANS task will ever be free of all confounds with all possible visual dimensions, there is an alternative and complementary methodological solution: measuring ANS precision in a non-visual task, to eliminate visual processing altogether. Previous research suggests that the ANS readily uses both visual and auditory information as input. Izard et al. (2009) showed that newborn infants match the approximate number of tones they hear with the approximate number of objects they see. Six-month-old infants can discriminate visual arrays of objects that differ by a ratio of 2:1, such as 8 and 16 dots (Xu and Spelke, 2000), and sequences of tones that differ by the same ratio (Lipton and Spelke, 2003), whereas they fail at discriminating a ratio of 1.5 in both modalities. The same ratio-dependent performance is observed when 6-month-olds use sequences of tones to predict how many visual objects will appear (Feigenson, 2011). And, adaptation to visual number stimuli extends to auditory stimuli and vice versa (Arrighi et al., 2014). In addition, the ANS supports approximate arithmetic across sensory modalities: Barth et al. (2005, 2006, 2008) demonstrated that children and adults can add and subtract sequences of sounds and visually presented stimuli (e.g., adding approximately six sounds to approximately 12 dots), without any performance cost compared to when computing within a single modality. Visual and auditory numerical approximations also appear to activate the same fronto-parietal brain networks in adults (Piazza et al., 2006), and the same groups of neurons have been found to encode auditory and visual numerosity in monkeys (Nieder, 2012). And, in the total absence of visual experience, completely normal ANS functioning remains intact in audition in congenitally blind individuals who have never processed number visually (Kanjlia et al., 2018).

These findings demonstrate that infants, children, and adults represent and process approximate number from visual or auditory input, suggesting that the ANS is abstract and modality-neutral. Of course, numerical information presented in any sensory modality will always be confounded with some aspect of the stimulus. In auditory sequences, numerosity may be confounded with total duration, presentation rate, or total auditory energy. However, it is important to note that auditory and visual confounding variables are independent. When an array of dots is presented visually and simultaneously, average dot size, total surface area, total perimeter, visual density, and convex hull are salient perceptual dimensions that may be confounded with number. In contrast, in a serial auditory presentation of tones, average tone duration, total sequence duration, and tone rate may be confounded with number. These confounds are perceptually distinct, not only in terms of the sensory system in which they are perceived but also in whether they require integrating over spatial vs. temporal information. As a reflection of this distinction, individual differences in visual processing tasks often dissociate from those in auditory/verbal processing tasks (Shah and Miyake, 1996), and visual and auditory attention appear to be subserved by separable brain regions (Bushara et al., 1999). Because the confounding dimensions for vision and audition are largely independent, an observed correlation between visual and auditory ANS precision would point to a shared resource above the level of modality-specific processing.

In the current study, we had three aims. The first was simply to ask whether individual differences in the numerical approximation of visual stimuli correlate with individual differences in the numerical approximation of auditory stimuli. The second aim was to ask whether training visual approximate number discrimination would enhance not only visual ANS precision but also ANS precision in an untrained auditory number task (i.e., cross-modal transfer). The third aim was to ask whether the link between ANS precision and school math abilities reflects individual differences in an abstract, modality-neutral sense of approximate number, or if instead the correlation is explained entirely by a link between math and visuospatial abilities (i.e., subsymbolic-symbolic transfer). Kanjlia et al. (2018) found that ANS precision for auditory sequences correlated with math performance in blind and sighted adults. But, it remains unknown whether there is a visually independent link between the ANS and math ability early in development. To answer these questions, we trained 6-year-old children for 5 weeks on either a visual ANS task or a control phonological awareness task. We measured children’s visual and auditory ANS precision, as well as performance on standardized math and phonological awareness tests, immediately before and after the training. If the ANS is amodal and causally related to math abilities, we expect to observe four findings. First, visual and auditory ANS precision should correlate prior to training. Second, visual ANS training but not phonological training should improve both visual and auditory ANS precision. Third, auditory ANS precision should – like visual ANS precision – predict math performance. And, fourth, visual ANS training but not phonological training should improve subsequent math abilities.



MATERIALS AND METHODS

We examined the relation between visual numerical approximation, auditory numerical approximation, and symbolic math performance in 6-year-old children. We focused on this age because we were interested in the role of ANS representations in children who are just beginning formal instruction in mathematics. Before the training, all children completed a visual approximate number discrimination task, an auditory approximate number discrimination task, a standardized math task, and a standardized phonological awareness task.

Next, children were randomly assigned to one of two training groups: visual ANS training or phonological awareness training. We used a visual approximate number comparison task as our number training task because it has been shown to correlate with school math performance (see Chen and Li, 2014; Fazio et al., 2014; Schneider et al., 2017, for meta-analyses). The phonological awareness training group served as our active control, so that we could assess how ANS precision and math ability changed simply as a function of time and/or as a function of completing several weeks of a computer-based training game. We chose phonological awareness because it requires children to carefully process sequential auditory information (a skill also required by our auditory ANS task), because the training tasks were structured as n-alternative forced choice (which was the same structure required by the auditory and visual ANS tasks) and because phonological awareness has been shown to be a significant predictor of later reading and spelling skills (Lundberg et al., 1980).

All children were given a pre-programmed laptop computer to use at home, and parents were instructed on how to help administer the assigned training program roughly three times per week for 5 weeks (see below). Following this 5-week training, children were again tested on the visual approximate number discrimination task, the auditory approximate number discrimination task, the standardized math task, and the standardized phonological awareness task.

Previous research has found links between math ability and nonverbal intelligence, as well as between math ability and inhibitory control (Blair and Razza, 2007; Kyttala and Lehto, 2008), and some have claimed that individual differences in approximate number tasks reflect individual differences in inhibitory control (Gilmore et al., 2013). We, therefore, assessed these general cognitive abilities to ask whether any of our effects could be explained by individual differences in IQ or inhibitory control.


Participants

Eighty-five children who were previously recruited as part of a larger, longitudinal study on children’s mathematics and language development took part in this study (see Libertus et al., 2011, 2013a,b). Data from 10 of these children had to be excluded because the children were inattentive during a majority of at least one of the testing sessions (i.e., they repeatedly showed signs of inattention such as answering questions without looking at the test materials, answering questions before hearing the complete prompt, or requiring many repetitions of a prompt). In addition, three children completed pre-training testing and some training but were unavailable for the post-training testing, and four children completed pre-training and post-training testing but completed fewer than 10 training sessions. Thus, 68 children (mean age = 6 years, 2 months, SD = 243 days; range: 4 years, 11 months – 7 years, 11 months; 34 girls) contributed data to the final analyses reported here. Thirty-three children completed the visual ANS training (mean age = 6 years, 3 months) and 35 children completed the phonological awareness training (mean age = 6 years, 1 month).

Most of the children came from families of middle to high socio-economic status. Parents of all children provided written informed consent prior to their child’s participation as approved by the Institutional Review Board at Johns Hopkins University, and children provided verbal assent before each testing session. All children received a small gift (e.g., small toy or book) to thank them for their participation after each testing session.



Materials and Procedure


Training Procedure

Children were randomly assigned to either the visual ANS or the phonological awareness (active control) training group. After participating in a series of pre-training tests (described below), each child received a 15-in Asus X53U laptop preloaded with the assigned training game. A trained experimenter went to children’s homes and instructed parents and children on how to play the assigned game. Parents were told that children were to complete one session of the ANS training every other day (comprised of three training blocks, lasting a total of approximately 15 min per training day) or one level of each of the three phonological awareness training games (also lasting a total of approximately 15 min per training day) for 5 consecutive weeks, for a total of 16 sessions. Parents were told that if their child missed a session, they were to play 2 days in a row. Parents were instructed to help their child start the computer and the game if necessary, but to avoid helping them solve the task in any way. To monitor compliance with this training protocol, the game software saved the date and time of each session; additionally, parents were given a paper chart to be filled out each time their child completed a training session. An experimenter telephoned parents about once a week to monitor training completion and to address any questions or concerns.


Approximate Number System Training

Each ANS training session consisted of three 5-min blocks of a visual non-symbolic number comparison task, followed by a short cartoon movie (≈3 min) that was included as a reward to increase children’s motivation to complete each training session. To maintain children’s interest, each block contained a different set of visual stimuli (see details below), and between blocks, a screen informed children about their progress through the session.

On each trial, children saw two arrays of items presented side by side and had to decide which array contained more items. The number of items in each array ranged from 5 to 21. For each block, five test trials were drawn from within each of seven numerical ratio bins: 1.11, 1.14, 1.17, 1.25, 1.5, 2, and 3 (where a ratio of 1 was equality and a ratio of 1.5 might be, for example, 8 vs. 12 items) – hence, children completed a total of 105 numerical discriminations in each of the 16 training sessions (i.e., 35 trials per block for three blocks per session), or about 1,680 trials in all. Unlike in the visual ANS precision task that children completed during pre‐ and post-training (see below), the ANS training blocks contained arrays of differently shaped and colored objects, as well as clipart images of animals and toys. This was done to maintain children’s interest in the task, and also to help children recognize that the ordinal relation between the arrays was independent of features of the arrays like color and item shape. To encourage children to focus on approximate number and ignore the non-numerical perceptual features of the arrays, the density and the cumulative surface area of the items were correlated with number in one-third of the blocks (i.e., the more numerous array was denser and had a larger cumulative surface area across items), anti-correlated in another third, and equated between the two arrays for another third. This aspect of block type was pseudo-randomized before training, but the order was identical for all children. Thus, throughout training, visual cues to number were manipulated, but not entirely controlled – children could potentially use visual density, convex hull, area, or any other visual cue to solve the task, depending on the visual controls for the particular block of trials they were in. However, if children’s performance during training was based on a purely visual cue and not on a domain-general sense of number, then, we should observe no transfer to auditory number performance during the post-training testing. If we do see improvements in auditory number performance for the children who participated in visual ANS training, we can conclude that this task trains a non-visual ability that transfers to auditory number processing. For this reason, successful transfer to auditory number discrimination is a more powerful demonstration if we do not entirely control for confounding visual cues during training, as transfer can only occur if children attend to number.

To support the possibility of ANS training causing a gradual improvement in performance, the ANS training was designed to become progressively harder, both within each training session and over the course of the 5 weeks. First, numerical discriminations became harder within each training block. Within each block, the comparison arrays were always presented in a pseudorandom fixed order of roughly increasing difficulty, i.e., children first saw arrays instantiating the easiest numerical ratio (3) and gradually progressed to arrays instantiating the hardest numerical ratio (1.11; for evidence that the order in which ratio discriminations are made affects ANS performance, see Odic et al., 2014; Wang et al., 2016, 2018). Second, to force children to make increasingly faster judgments, stimulus presentation duration decreased across the three blocks within each training session: 2,000 ms for the first block, 1,600 ms for the second block, and 1,200 ms for the third block. Importantly, all of these durations are too short for children to count the arrays exactly, requiring them to rely on their ANS throughout. Finally, stimulus complexity gradually increased across training sessions. Sessions began with simple shapes (circles and squares), then moved to more complex visual shapes (dumbbells and squiggles), and then to clipart images (toys and animals). Finally, children were initially presented with arrays that were homogeneous in item type (the left array contained items that were perceptually identical except for size, and the right array contained a different set of items that were perceptually identical except for size), but as children progressed through the training, they increasingly received trials containing heterogenous arrays (see Figure 1 and Supplementary Material). All of these factors were included in an attempt to scaffold children toward making faster and more accurate numerical discriminations, even when faced with complex scenes.
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FIGURE 1. Sample stimuli from four representative visual approximate number system (ANS) training sessions, illustrating the increasing complexity of the stimuli. Children were asked to indicate whether the array on the left or the right had more items.


Prior to the start of ANS training, the experimenter introduced the task and instructed children to decide, as quickly as possible without counting, which array had more objects. Children were taught to use the “F” and “J” keys, marked with yellow and blue stickers on the laptop keyboard, to indicate which array contained more (left = “F”, right = “J”). Children received immediate feedback after every response: a high-pitched tone indicated a correct response and a low-pitched tone indicated an incorrect response. Children were told that, if they were unsure, they should make their best guess.



Phonological Awareness Training

Just as the ANS training involved three blocks within each training session, the phonological awareness training involved three blocks within each training session. Each of the three blocks presented a different mini-game from the Webber HearBuilder Phonological Awareness software (Super Duper® Publications): Rhyming, Syllable Blending, and Phoneme Blending. Stimuli were presented through the built-in speakers of the laptop. In the Rhyming block, children heard between 2 and 10 words spoken aloud (e.g., “mow,” “socks,” “toe,” and “wig”) paired with different images (e.g., a person mowing the lawn, socks, an image of a foot with an arrow pointing to the toe, and a wig) and had to quickly indicate which of the words rhymed by clicking on the corresponding pictures. In the Syllable Blending block, children heard a sequence of 2–5 syllables and had to identify which of 2–4 possible words would be formed if those syllables were blended in order, or they heard a spoken word and had to identify which of 2–4 sequences of unblended syllables corresponded to the word. In the Phoneme Blending block, children heard a sequence of 2–5 phonemes and had to identify which of 2–4 possible words would be formed if those phonemes were blended in order, or they heard a spoken word and had to identify which of 2–4 sequences of phonemes corresponded to the word. For all blocks, hovering over the stimulus icons replayed the corresponding auditory stimuli, and children could listen to them as often as they liked. For each correct answer, children heard music and received a star at the bottom of the screen. For each incorrect answer, they were told the correct answer and the next trial commenced. Children advanced to the next level of difficulty in the following training session if they answered at least 8 out of 10 questions correctly. Each game contained up to 22 levels of increasing task difficulty, and each level contained 10 trials. Task difficulty, in terms of the number of possible answer choices and length and familiarity of the target words, increased between levels and hence between training sessions. Completion of one level took about 5 min; hence, time spent on a block and total time spent on one training session were equated across the ANS and phonological awareness training conditions.




Pre‐ and Post-training Tasks

Both before and immediately after approximately 5 weeks of either visual ANS or PA training, each child completed a visual ANS precision task, an auditory ANS precision task, a standardized math assessment, and a standardized assessment of phonological awareness (mean delay between pre‐ and post-test: 37.78 days, SD = 8.19). All of these assessments were completed in children’s homes and were administered by one of two trained experimenters.

To ensure that the order in which the tasks were completed did not determine our results, we tested children in two different task orders. At both pre-training testing and post-training testing, half of the children in each training group first completed the standardized mathematics assessment, then the two ANS precision tasks, and then the standardized phonological awareness assessment. The other half first completed the phonological awareness assessment, followed by the two ANS precision tasks, and then the standardized mathematics assessment. The visual ANS precision task was always administered prior to the auditory ANS precision task (see below). It took children approximately 5–10 min to complete each ANS task, 20–30 min to complete the standardized mathematics assessment, and 20 min to complete the standardized phonological awareness assessment.


Visual ANS Precision Task

To measure the precision of children’s ANS for visual arrays, we administered a version of Panamath, a freely available non-symbolic numerical comparison task (www.panamath.org; Halberda et al., 2008; Libertus et al., 2011). Children sat at a table facing a laptop computer, with the experimenter at their side. The experimenter pointed to paper images of the cartoon character Grover and the character Big Bird, affixed to the left and right sides of the 13-in laptop screen. She told children that Grover had a box of blue balls and Big Bird had a box of yellow balls and that their job was to indicate who had more balls. The experimenter initiated each trial when children were attentive. On each trial, a collection of blue dots and a collection of yellow dots appeared simultaneously on the left and right sides of the screen, respectively. The dot arrays remained visible for 2,000 ms, after which a blank screen appeared and remained until children verbally indicated which character had more (e.g., saying “yellow”), at which point the experimenter pressed the corresponding key on an external keyboard (e.g., “y” for “yellow”). In pilot testing, we found that having the experimenter press the key following children’s verbal response produced a more accurate measure of the child’s response time (RT), because children sometimes had difficulty and became distracted as they tried to push the buttons themselves. The experimenter was seated to the side of the computer such that they could not see the stimuli; this ensured that the experimenter could not influence children’s response time or accuracy. Two sounds provided immediate response feedback throughout: a high-pitched tone indicated a correct response and a low-pitched tone indicated an incorrect response. Children were familiarized to these sounds on six practice trials during which the experimenter provided additional verbal feedback after any incorrect responses, to ensure that children understood the task and were motivated to participate. Following these practice trials, 42 test trials were presented.

The number of dots in each array (blue and yellow) ranged from 5 to 21. Six test trials were drawn from within each of seven numerical ratio bins: 1.11, 1.14, 1.17, 1.25, 1.5, 2, and 3, and were presented in randomized order. On half of the trials, the blue dots were more numerous, and on the other half, the yellow dots were more numerous. The dots in each array varied in size: their default radius was 60 pixels and the maximum between-dot variability in radius was ±35%. On half of all trials, the two arrays were equated for individual dot size (i.e., the average size of the dots in the blue array was equal to the average size of the dots in the yellow array), and on the other half, the two arrays were equated in cumulative surface area. These trial types were randomly intermixed throughout the testing session.

Children’s performance on the visual ANS precision task was measured in terms of accuracy (percent correct) and response time.



Auditory ANS Precision Task

To measure the precision of children’s ANS for auditory sequences, we administered an auditory non-symbolic number comparison task. Children again sat at a table in front of a 13-in laptop screen, with the experimenter at their side. Children and the experimenter wore headphones. Prior to the task, children first were told that Grover had a box of blue balls and that Big Bird had a box of yellow balls, and that their job was to indicate who had more balls. The experimenter then demonstrated that Grover’s balls were marked by sequences of low-pitched sounds – one for each ball – and that Big Bird’s balls were marked by sequences of high-pitched sounds – one for each ball. The experimenter initiated each trial when children appeared to be attentive. For each trial, the two sequences of sounds were presented in turn through the headphones. Children always heard Grover’s balls (i.e., the low-pitched sounds) presented on a consistent side and order (for example, always through the left side of the headphones, and always first). After the last sound in the second sequence, children gave a verbal response to the question “Who has more?” (e.g., “Big Bird”), after which the experimenter immediately pressed the corresponding key on an external keyboard. After each response, one of two different feedback pictures immediately appeared on the laptop screen: a smiley face indicated a correct response while a black rectangle indicated an incorrect response.

In order to scaffold children’s understanding of the task, we always administered the visual ANS precision task before the auditory ANS precision task because pilot testing showed that the auditory task was harder for children to understand than the visual task. Further, the first four practice trials of the auditory ANS precision task contained concurrent visual and auditory stimuli: a new yellow or blue dot appeared on the screen for each sound that was played, and all of the dots remained visible until the end of the practice trial. The experimenter also provided verbal feedback during these practice trials in order to ensure that children were motivated and understood the task. After the first four practice trials, the experimenter affixed a paper frame to the screen. This frame covered the entire screen except for a small rectangular area in the center where the feedback pictures appeared. In the next four practice trials and in the subsequent test trials, only the sounds were presented.

Following the eight practice trials, children completed 32 test trials. The number of sounds in each sequence (low-pitched and high-pitched) ranged from 5 to 16. Eight test trials were drawn from within each of four numerical ratio bins: 1.5, 2, 2.2, and 2.5 (a ratio of 1 would be equality). The ratios in the visual and auditory ANS tasks were chosen separately to ensure roughly equivalent total accuracy across both tasks, because previous work has shown that ANS tasks in which stimuli are presented sequentially are more difficult than ANS tasks in which the stimuli are presented simultaneously (Droit-Volet et al., 2008; Tokita and Ishiguchi, 2012; Tokita et al., 2013). On half of the trials, the high-pitched sounds were more numerous; on the other half, the low-pitched sounds were more numerous. The duration of the sounds in each sequence and the duration of the gaps between sounds varied within trial. The average sound and gap durations were normally distributed around each of the following values: 75 ms (range: 50–100 ms), 110 ms (70–150), 150 ms (90–190), 170 ms (110–220), and 190 ms (130–250). We used a standard deviation of 25 ms for all distributions, and distributions were truncated on the right or the left to avoid sequences that were too short or too long. On half of the trials, the two sequences were equated for average sound duration and inter-sound duration (i.e., the average sound duration and the gap durations in each sequence were equal), and on the other half of the trials, the two sequences were equated for total duration (i.e., the average sound and gap durations differed by the inverse of the numerical ratio difference). The two trial types were randomly intermixed throughout the testing session.

As in the visual ANS precision task, children’s performance on the auditory ANS precision task was measured in terms of accuracy (percent correct) and response time.



Standardized Math Assessment

To assess children’s mathematical abilities, we administered Form A of the Test of Early Mathematics Ability (TEMA-3; Ginsburg and Baroody, 2003) for our pre-training testing and Form B of the TEMA-3 for our post-training testing. The TEMA-3 is normed for children between the ages of 3 years 0 months and 8 years 11 months and is comprised of 72 items testing children’s counting (e.g., “Count with me. 1, 2, 3, 4, and then comes?”), calculation skills (e.g., “Joey has 1 token, and he gets 2 more. How many does he have altogether?”), numeral literacy (e.g., “What number is this?” while pointing to a printed Arabic numeral), and understanding of number concepts such as the cardinality principle (e.g., “I’m going to count some tokens. Next, I’m going to move the tokens around. Then, without counting, you tell me how many tokens there are”). As specified in the Experimenter’s Manual, testing started at a specific item based on a child’s age and continued until the child answered five consecutive items incorrectly (ceiling). Items before the start item were administered in backward order if a child had not responded correctly to five consecutive items (basal) when the ceiling was reached. All items before the basal were counted as correct even though they were not administered. Math abilities were measured as raw scores on the TEMA-3. Note that we used raw scores rather than standardized scores because standardized TEMA scores are less sensitive to changes over short periods of time since they are age-normed over 3-month intervals. This standardization would cause some but not all of the children in our sample to shift from one age bracket to the next between pre‐ and post-training testing, creating uneven shifts in standard scores.



Standardized Phonological Awareness Assessment

To assess children’s phonological awareness, we administered the Comprehensive Test of Phonological Processing (CTOPP; Wagner et al., 1999). Because most of our participants were between 5 and 6 years old, we administered the eight subtests of the CTOPP appropriate for this age range. These tests include Elision (i.e., the ability to remove phonological segments from spoken words to form other words), Rapid Color Naming (i.e., the ability to rapidly name the colors of squares presented on a page), Blending Words (i.e., the ability to synthesize sounds to form words), First and Last Sound (i.e., the ability to identify the first and last sound of a spoken word), Rapid Object Naming (i.e., the ability to rapidly name common objects presented on a page), Memory for Digits (i.e., the ability to repeat spoken numbers in the correct order), and Non-word Repetition (i.e., the ability to repeat spoken non-words accurately). Children took about 20 min to complete the CTOPP. Because some of our participants were older or younger than the age range for which our CTOPP subtests were standardized, we calculated a CTOPP composite score by calculating z-scores for each subtest individually and then averaging z-scores across all subtests.




General Cognitive Abilities


IQ

We measured children’s IQ about 10 months prior to the pre-training testing using the Primary Test of Nonverbal Intelligence (PTONI; Ehrler and McGhee, 2008). The PTONI has been normed for children between 3 years 0 months and 9 years and 11 months and takes 5–15 min to complete. The PTONI asks children to look at a series of pictures on each page in a picture book and point to the one picture that does not belong with the others. Items are arranged in order of difficulty, whereby early items measure lower order reasoning (e.g., visual and spatial perception) and later items measure higher order reasoning abilities (e.g., analogical thinking, sequential reasoning, and category formulation). Children’s performance was measured using age-normed standard scores.



Inhibitory Control

We measured children’s inhibitory control abilities about 16 months prior to the pre-training testing using the Conners’ Kiddie Continuous Performance Test Version 5 (K-CPT; Conners, 2006). The K-CPT has been normed for children ages 4 and 5 years and takes 7 min to administer. Children see a stream of images on a computer screen and are asked to press a button every time they see an image of anything other than a soccer ball; hence, children must inhibit a pre-potent response on the critical trials in which a ball is shown. Because some of our participants were outside of the age range for which the K-CPT has been normed, we report the percentage of commission errors (i.e., responses to the non-target soccer ball) as a measure of inhibitory control.






RESULTS

Improvements in ANS precision from pre‐ to post-training may be seen in either faster RT or more accurate responses (percent correct), or both. Planned comparisons revealed that children in the ANS training group were significantly faster in the visual ANS precision task post-training compared to pre-training, t(32) = 7.71, p < 0.001, but they were less accurate, t(32) = 2.69, p = 0.01. Children in the PA training group were faster in the visual ANS precision task post-training than pre-training, t(34) = 5.38, p < 0.001, and their accuracy remained unchanged, t(34) = −0.16, p = 0.88. To take these speed/accuracy tradeoffs into account, we calculated an efficiency measure based on RT and accuracy (efficiency = RT/accuracy; Townsend and Ashby, 1978, 1983), whereby a larger efficiency value indexed worse ANS performance. To simplify our analyses, we used this measure of ANS efficiency in all further analyses (for discussion of the importance of considering reaction time and accuracy when measuring numerical approximation ability, see Park and Starns, 2015).


The Relation Between Visual and Auditory ANS Efficiency Before Training

First we investigated the relation between individual differences in visual and auditory ANS efficiency. As discussed in the introduction, because visual cues and auditory cues to number occur in different sensory modalities, responding to visual cues alone (e.g., responding to convex hull without ever creating an amodal number representation) should not readily transfer across modalities or lead to improved auditory number precision. An indication that humans do have amodal number representations would come from a correlation of individual differences in visual and auditory ANS efficiency. Indeed, we found a significant zero-order correlation between visual and auditory ANS efficiency prior to training (r = 0.48, p < 0.001; Figure 2).
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FIGURE 2. Scatterplot depicting the relation between visual and auditory ANS efficiency prior to training.


To explore whether this relation held even when controlling for other factors, we ran a hierarchical linear regression. In the first step of the regression model, we entered age at the time of testing, IQ, and inhibitory control as potential predictors of auditory ANS efficiency. In the second step, we added visual ANS efficiency to assess whether this captured additional variance in auditory ANS efficiency beyond age, IQ, and inhibitory control. Data from one child had to be excluded because the residual was more than 2.5 standard deviations above the mean. As can be seen in Table 1, visual ANS efficiency explained a significant amount of variance in auditory ANS efficiency above and beyond age, IQ, and inhibitory control, R
2
change = 0.13, F
change(1,54) = 9.32, p < 0.01. This supports the existence of an amodal ANS and suggests that individual differences in ANS precision are not solely due to individual differences in sensitivity to visual dimensions, like density, area, and perimeter or, in the case of auditory stimuli, the duration and rate of presentation. Finally, the shared need for inhibitory control cannot explain the observed relation between visual and auditory ANS precision, because our analyses showed significant relations between visual and auditory ANS efficiency even after controlling for inhibitory control (as well as age and IQ).



TABLE 1. Summary of hierarchical linear regression analysis for variables predicting auditory ANS efficiency prior to training.
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Is the ANS Related to Formal Math? Relation Between ANS Efficiency and Math Ability Prior to Training

To assess the relation between children’s ANS efficiency and math ability prior to training, we first calculated the zero-order correlations between TEMA scores and visual and auditory ANS efficiency. We found significant correlations between math and visual ANS efficiency (r = −0.32, p < 0.01), and math and auditory ANS efficiency (r = −0.31, p < 0.01). Higher visual and auditory ANS efficiency each were associated with greater math ability (Figure 3).
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FIGURE 3. Scatterplot depicting the relation between math ability [Test of Early Mathematics Ability (TEMA) raw score], (A) visual ANS efficiency, and (B) auditory ANS efficiency prior to training.


Next, to test whether ANS efficiency regardless of modality predicted math ability above and beyond age, IQ, and inhibitory control, we conducted a hierarchical linear regression analysis. In the first step, we entered age at the time of testing, IQ, and inhibitory control as potential predictors and TEMA scores as the outcome. In the next step, we added the visual and auditory ANS efficiency measures to ask whether they predicted additional variance in TEMA scores above and beyond age, IQ, and inhibitory control. Importantly, since visual and auditory ANS efficiency are significantly correlated, we expected them to jointly predict additional variance in TEMA scores, but not necessarily to be unique predictors. Data from two children had to be excluded from these analyses because their standard residuals were more than 2.5. As expected, ANS efficiency prior to training explained a significant amount of variance in math ability above and beyond age, IQ, and inhibitory control, R
2
change = 0.07, F
change(2,52) = 3.87, p < 0.03, i.e., an additional 7% of the variance in children’s math ability was explained by variation in visual and auditory ANS efficiency. As can be seen in Table 2, neither visual nor auditory ANS efficiency was a unique predictor of math ability above and beyond the other ANS efficiency measures – this is to be expected because most of the variance in math scores accounted for by visual ANS efficiency was also accounted for by auditory ANS efficiency. Thus, this is exactly the pattern one would predict if performances in the visual and auditory ANS precision tasks both index the precision of an amodal representational system.



TABLE 2. Summary of hierarchical linear regression analysis for age, IQ, inhibitory control, and visual and auditory ANS efficiency predicting math ability prior to training.
[image: Table2]



The Effects of Training on Visual and Auditory ANS

Our next set of questions concerned the effects of training. Before comparing the effects of the two types of training on children’s visual and auditory ANS precision, math performance, and phonological awareness, we wanted to make sure the groups did not differ on these measures before the training began. We, therefore, compared the groups’ pre-training performance on the visual and auditory ANS tasks, TEMA (math) raw scores, and CTOPP (phonological awareness) composite scores (see Table 3). We found no significant differences between the two groups on any of these measures (all ps > 0.25), except for a marginally significant difference in visual ANS RT (p = 0.052), which was due to faster RTs in the ANS training group compared to the PA training group. Note that this trend would make it harder for us to observe the improvements in RT that we predict for the ANS training group. In addition, children in the two training groups did not differ in age at the time of pre-training testing, t(66) = −0.88, p = 0.38, or post-training testing, t(66) = −0.90, p = 0.37. Finally, children in the two training groups did not differ in general intelligence (ANS training group: M = 118.69, SD = 18.18; PA training group: M = 126.91, SD = 19.71), t(64) = 1.76, p = 0.08, or inhibitory control (ANS training group: M = 48.16, SD = 26.73; PA training group: M = 55.40, SD = 26.10), t(60) = 1.08, p = 0.29.



TABLE 3. Pre-training and post-training scores for the visual and auditory ANS precision tasks, math ability (raw scores on the TEMA-3), and phonological awareness (composite z-score on the CTOPP), presented separately for the two training groups.
[image: Table3]

To assess the impact of the two types of training on visual and auditory ANS efficiency, we conducted a repeated-measures ANOVA for each modality with training group (ANS and PA) and testing point (pre-training and post-training) as factors. We included age at post-training testing, IQ, and inhibitory control as covariates to control for the effects of these variables. For visual ANS efficiency, we found a significant main effect of training group, F(1,55) = 7.02, p = 0.01, that was due to significantly greater efficiency in the ANS training group compared to the PA training group (Figure 4). No other main effects or interactions reached significance when controlling for children’s age, IQ, and inhibitory control (all Fs < 0.73, ps > 0.39).

[image: Figure 4]

FIGURE 4. (A) Visual and (B) auditory ANS efficiency before training (gray bars) and after training (black bars) for the ANS training group and the phonological awareness (PA) training group. Error bars depict standard errors. Efficiency is calculated as response time (RT)/accuracy, i.e., a larger value reflects worse ANS performance.


For auditory ANS efficiency (i.e., our crucial transfer task), we found a significant interaction between training group and testing point, F(1,55) = 4.60, p = 0.04. As seen in Figure 4, children in the ANS training group – who had received 5 weeks of experience in a visual ANS task – tended to improve in auditory ANS efficiency from pre-training to post-training, while children in the PA training group tended to drop in auditory ANS efficiency. This interaction suggests that visual ANS training may transfer to auditory ANS efficiency, while auditory phonological awareness training, in our sample, was associated with a decline in auditory ANS efficiency. However, neither group showed a significant change in auditory ANS efficiency from pre‐ to post-training (ANS training: t(32) = 1.23, p = 0.23; PA training: t(33) = −1.36, p = 0.18).



Does ANS Training Transfer to Formal Math? Effects of Training on Math Ability

To ask whether training in either visual ANS discrimination or in phonological awareness improved either math performance or phonological awareness (while controlling for pre-training performance), we calculated the percent change in children’s performance from pre-training to post-training, relative to pre-training performance [i.e., (post-training − pre-training)/(pre-training × 100)] for children’s raw TEMA scores and CTOPP composite scores. Data from one child had to be excluded because the percent change in TEMA was more than 2.5 standard deviations above the mean. A repeated-measures ANOVA examining the effects of training Group (ANS and PA) and task (TEMA and CTOPP) on these percent change scores revealed a significant interaction between training group and task, F(1,65) = 6.00, p = 0.02 (Figure 5). This interaction remained significant even when age at post-training testing was included as a covariate, F(1,64) = 5.49, p = 0.02. However, when adding IQ and inhibitory control as additional covariates, the interaction was no longer significant, F(1,54) = 1.64, p = 0.21.
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FIGURE 5. Percent change from pre-training performance on the TEMA and the Comprehensive Test of Phonological Processing (CTOPP) for children in the ANS and PA training groups, respectively. Error bars depict standard errors of the mean.


One-sample t-tests comparing percent change from pre-training to post-training revealed that children in the ANS training group showed significant improvements in math, t(32) = 2.68, p = 0.01, but not phonological awareness, t(32) = 1.60, p = 0.12, whereas children in the PA training group showed significant improvements in phonological awareness, t(33) = 4.22, p < 0.001, but not math, t(33) = 1.75, p = 0.09. This suggests that visual ANS training is associated with improvements in symbolic math performance but not phonological awareness, while phonological awareness training is associated with improvements on a standardized phonological awareness assessment but not math. However, there was no significant difference in changes in math between the ANS and the PA training groups, t(65) = −1.29, p = 0.20, whereas the difference in changes in phonological awareness between the groups was marginally significant, t(65) = 1.87, p = 0.07. Finally, in the ANS training group, the change in math was not significantly different from the change in phonological awareness, t(32) = −0.84, p = 0.41, while this difference was significant in the PA training group, t(33) = 2.63, p = 0.01.




DISCUSSION

Prior work on the ANS has suggested that it may represent number in an amodal fashion, readily taking both sounds and visual objects as input, and that these intuitive number representations may be linked to school math performance. On the other hand, it has also been proposed that visual ANS tasks simply measure sensitivity to visual area, visual density, or some other non-numeric visual feature, and that the ANS, therefore, has no inherent connection to school math ability other than being linked by general visuospatial performance. To address this, we investigated the effect of visual ANS training on subsequent auditory ANS performance and on subsequent standardized math performance. We report four main findings: (1) individual differences in children’s visual ANS performance correlated with individual differences in auditory ANS performance, even when controlling for age, IQ, and inhibitory control; (2) ANS precision measured in both the auditory and visual modality predicted math ability prior to training, even when controlling for age, IQ, and inhibitory control; (3) 5 weeks of training on a visual ANS task was associated with greater improvements in auditory ANS precision than 5 weeks of training on phonological awareness tasks; and (4) 5 weeks of training on a visual ANS task was associated with significant improvements in subsequent math performance but not phonological awareness, whereas 5 weeks of training on a phonological awareness task was associated with significant improvements in subsequent phonological awareness but not math performance.

These findings extend previous studies by demonstrating that not only can individuals represent visual and auditory number, and integrate numerical representations of visual and auditory arrays (Barth et al., 2005, 2006, 2008), but, in addition, that children with sharper numerical precision in one sensory modality also have sharper numerical precision in another modality. These findings are in line with recent results by Anobile et al. (2018), who found that 7‐ to 11-year-old children’s performance on a visual non-symbolic number estimation task significantly correlated with their ability to estimate numbers of tones even when controlling for children’s age and nonverbal IQ. Here, we show that the relation between visual and auditory number comparison abilities cannot be explained by a shared need to inhibit irrelevant perceptual information, such as the cumulative surface area of visual arrays or the total duration of auditory sequences, because visual ANS precision predicted auditory ANS precision even when controlling for inhibitory abilities (as well as age and IQ). This suggests that ANS tasks measure an abstract numerical sense, as there is no reason to expect individual differences in the ability to represent visual aspects of a scene to correlate with individual differences in the ability to represent temporal aspects of an auditory sequence.

In addition, our findings add to the growing body of work demonstrating that ANS representations are malleable and can be improved through training. Previous research found that training in a visual ANS task improved ANS performance in adults (DeWind and Brannon, 2012) and children (Odic et al., 2014; Wang et al., 2016, 2018). Our present results suggest that these improvements may transfer from one sensory modality to another – such that practice in a visual numerical approximation task leads to better performance in an auditory numerical approximation task, at least relative to practice in phonological awareness. The training effect we observed here was not strong (i.e., children’s change in pre‐ vs. post-training performance was small), hence the training we employed here is not a candidate for practical interventions intending to improve children’s numerical competence. Rather, the contribution of our training results consists in providing evidence as to the nature of the ANS – if experience with visual approximation even weakly affects auditory approximation, this implicates the existence of an abstract sense of numerosity.

It is important to note that our results do not speak to the mechanisms by which observers extract numerical information from visual and auditory displays. Even though many studies have considered possible mechanisms that might support the extraction of numerical information from visual displays (Ginsburg and Nicholls, 1988; Vos et al., 1988; Allik and Tuulmets, 1991; Dehaene and Changeux, 1993; Durgin, 1995; Verguts and Fias, 2004; Sophian and Chu, 2008; Tokita and Ishiguchi, 2010a; Dakin et al., 2011; Gebuis and Gevers, 2011; Gebuis and Reynvoet, 2012; Tibber et al., 2013; Odic and Halberda, 2015; Odic, 2018), the exact algorithms used by observers have not yet been uncovered. In the visual domain, key input to the ANS may very well involve area, density, convex hull, ratios of activity in various spatial frequency channels, or other visual characteristics that correlate with number. Representing the approximate number of items in an array can only happen as a result of the physical effects that the array has on the observer. So, in this sense, it is trivially true that the ANS computes over some combination of visual features in visual tasks, and it remains an important and interesting challenge to determine which dimensions these algorithms compute over and in which contexts (Halberda, 2019). Similar questions will no doubt arise for determining the algorithms that support the extraction of approximate number from auditory sequences. But the correlations we find across modalities highlight the shared numerical nature of the ANS representations that are derived from these modality-specific features.

Our findings that visual and auditory ANS precision predict math ability even when controlling for age, IQ, and inhibitory control suggest that the link between ANS performance and math abilities is not based solely on visuospatial processes (Soltesz et al., 2010; Gilmore et al., 2011; Gebuis and Reynvoet, 2012; Sasanguie et al., 2013) or inhibitory control (Fuhs and McNeil, 2013; Gilmore et al., 2013). Rather, the ANS appears to be amodal (i.e., it can generate numerical estimates of either simultaneously presented visual stimuli or serially presented auditory stimuli), and the precision of these modality-independent approximate number representations relates to school math abilities. Our findings might seem to contradict recent findings by Anobile et al. (2018), who reported that performance on an approximate number estimation task using simultaneously presented visual stimuli, but not sequentially presented visual or auditory stimuli, correlated with children’s math abilities. However, these differences may be due to the fact that Anobile and colleagues asked their participants to make explicit numerical estimates of collections of dots or sequences of sounds (i.e., to map representations of approximate numerosities to exact number words), rather than simply compare them as in our case. It remains an open question which task places the greater task demands on the subject and which allows for a greater influence of executive functions, response strategies, and bias. Finally, it is possible that our task order, i.e., the fact that the auditory ANS task always followed the visual ANS task, may have led children to use other strategies to complete the auditory ANS task than in the study by Anobile and colleagues and that these variations in strategy use may explain the different associations with children’s math abilities.

Finally, our finding that visual ANS training is associated with improvements in math performance but not phonological awareness adds to the growing literature on the causal link between the ANS and math ability. Recently, Park and Brannon (2013) showed that, after 2 weeks of training on a non-symbolic addition and subtraction task (in which observers mentally added or subtracted two dot arrays), adults improved significantly on a symbolic arithmetic test. In contrast, adults did not improve in symbolic math if their training involved simple comparison (choosing the greater of two dot arrays; Park and Brannon, 2014). Young children also show effects of ANS training. First, preschool-aged children improve in some aspects of math performance following experience mentally adding and subtracting approximate quantities (Park et al., 2016). Hyde et al. (2014) found that brief training in non-symbolic number addition, but also in non-symbolic number comparison, improved children’s subsequent arithmetic performance within the same testing session. And, Wang et al. (2016) showed immediate transfer from a scaffolded ANS comparison training to a standardized math task, but not a verbal task.

Aside from the ANS supporting math abilities, there is also evidence to suggest that experience with symbolic number leads to improvements in the ANS. For example, preschool-aged children’s understanding of cardinality and symbolic number as well as their general math abilities predict later ANS acuity (Mussolin et al., 2014; Elliott et al., 2019), and 5-year-old children’s symbolic number comparison abilities were a significant predictor of growth in non-symbolic number comparison skills between the beginning and end of the school year (Lyons et al., 2018). In addition, adults with more mathematical education also perform better on nonverbal numerical approximation tasks (Piazza et al., 2013; Lindskog et al., 2014). Although it will require future work to characterize the scope and duration of the bidirectional relation between the ANS and math ability, the accumulating body of evidence suggests that there is a causal relation between intuitive approximate number representations and the symbolic math abilities that children typically begin to acquire during the process of formal schooling.

While our results provide evidence for amodal approximate number representations and their association with children’s math abilities, we acknowledge a number of limitations in our current study. First, it is unclear whether or to what extent our evidence will be important for informing the design of interventions aimed at improving math; for example, our study was not designed as a randomized controlled trial. Rather, the broad aim here was to further our understanding of the relations between core systems of thought and culturally constructed abilities. Second, our auditory ANS task always followed the visual ANS task and used simultaneous visual and auditory stimuli during the practice trials to ensure that children understood the task. One possible concern is that children could solve the auditory-only trials by imagining a dot appearing as they heard each tone – making this, in effect, an imaginary visual ANS task. However, evidence suggests that children presented with difficult approximate numerical discriminations perform better when presented with redundant visual and auditory input, compared to only visual input, suggesting that auditory tones are not simply treated as indicating the presence of visual objects (Posid and Cordes, 2019). Furthermore, people blind from birth succeed at purely auditory ANS tasks (Kanjlia et al., 2018), showing that ANS representations can be generated in the total absence of any visual experience. Still, despite the above findings, it is impossible to entirely rule out an account by which visualization plays some role in the processing of auditory input – something that is currently the topic of much ongoing debate (De Volder et al., 2001; Amedi et al., 2005; Vetter et al., 2014). Thus, while it is unlikely, we cannot rule out that children were constructing mental images of the tone sequences in the test trials and performing comparisons on these mental images; it is unclear whether visualization of purely imagined stimuli is related to the kinds of visuospatial abilities discussed as contributing to mathematical competence. Finally, while not uncommon, the fact that our IQ and inhibitory control measures were administered at least 10 months prior to training may have reduced the association between these measures, ANS precision and math abilities. In addition, IQ and inhibitory control were only measured once leaving open the possibility that they may have improved over the course of the training duration and possibly to different degrees depending on training condition. Future work should assess general cognitive abilities in closer temporal proximity and prior to as well as after training to test whether the link between an amodal ANS and math and training-related effects remain significant even when controlling for general cognitive abilities.

In sum, in the present study, we found that children’s ANS precision correlates across the visual and auditory modalities and that visual ANS training was associated with greater improvements in auditory ANS precision compared to auditory phonological awareness training. Finally, visual ANS training was also associated with significant improvements in symbolic math ability but not phonological awareness. These results support the existence of a modality-independent ANS and suggest a causal link from the ANS to math ability that cannot be explained by age, intelligence, or inhibitory control.
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Early numeracy skills in preschool years have been found to be related to a variety of different factors, including Approximate Number System (ANS) skills, children’s cognitive and linguistic skills, and environmental variables such as home numeracy activities. The present study aimed to analyze the differential role of environmental variables, intergenerational patterns, children’s cognitive and linguistic skills, and their ANS in supporting early math skills. The sample included 64 children in their last year of kindergarten and one parent of each child. Children were administered a battery of cognitive and linguistic tasks, and a non-symbolic comparison task as a measure of ANS. Parents were administered similar tasks assessing cognitive skills, math skills, and ANS skills (estimation and non-symbolic comparison), together with a questionnaire on home numeracy. Results showed that home numeracy predicted children’s early math skills better than a number of parent and child variables. Considering children’s skills, their ability in the non-symbolic magnitude comparison task was the strongest predictor of early math skills. Results reinforce the importance of the role of home numeracy activities and children’s ANS skills above that of parents’ math skills.
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INTRODUCTION

Early numerical abilities, those that involve the understanding of magnitudes and the development of numerical processing skills, are manifested during the first few months of life in humans from various cultural backgrounds (Simon et al., 1995; Gordon, 2004; Xu et al., 2005). However, many different factors contribute to the development of mature math skills and the turning point between the end of preschool and the beginning of primary school resulted to be an important moment in which to understand how the spontaneous and intuitive basic calculation skills develop (Jordan et al., 2009).

From a theoretical viewpoint, the neuroconstructivism framework (Westermann et al., 2007) suggests that, when trying to explain developmental pathways of cognitive skills, different levels of analysis should be taken into account, including biological, cognitive, behavioral, and environmental components, as well as their reciprocal relationships. Considering the development of specific learning skills, the multiple deficit model (Pennington, 2006) evidenced the need to overcome the analysis of single markers in favor of multiple indexes, and increasing attention has been dedicated to intergenerational models (van Bergen et al., 2015) which extends to parents’ skills and family characteristics the set of variables to be considered in analyzing the development of learning skills. However, regarding intergenerational models, most studies were referred to literacy skills (Bonifacci et al., 2014; van Bergen et al., 2015) and very few studies tried to apply this model to the development of math skills (Braham and Libertus, 2017; Navarro et al., 2018) but these studies did not account for variables related to children’s cognitive and linguistic skills.

In the present study, focused on children at the end of preschool years, we took account of many of the candidate factors that previous literature suggested to be related to math skills development, including (1) environmental variables, (2) parents’ math skills and (3) children’s cognitive and early math skills. In the following sections, in order to better account for the selection of the candidate predictors included in the study, we will briefly revise previous evidence for these three domains.


Environmental Predictors of Math Skills

Differences in the quality and quantity of children’s early math learning opportunities have been shown to be related to their consequent math performance (Hill et al., 2005; Levine et al., 2010; Maloney et al., 2015; Tobia et al., 2016). Indeed, many pieces of evidence now indicate that parents matter in the development of children’s math skills, and recognize the influential role of home numeracy activities (LeFevre et al., 2009), defined as the parent-child interactions that include experiences with numerical content in daily-life settings (Mutaf Yildiz et al., 2018b). Previous research found evidence of the usefulness of home literacy, that is, exposure to books and reading in the familiar context, in the expansion of vocabulary and decoding skills (Sénéchal and LeFevre, 2001). Similar evidence has been found regarding the role of home numeracy activities in the development of math and arithmetic skills (Kleemans et al., 2012). Home numeracy, indeed, can be conceived as a multifaceted domain, and its relationship with children’s numeracy skills might be differentiated on the basis of direct versus indirect activities (LeFevre et al., 2009; Skwarchuk et al., 2014). The first focus on counting and teaching numbers and have been found to be related to the development of children’s symbolic abilities, whereas the second involve playing games with numbers (e.g., dice), or doing household activities where you need to count, and have been found to be related to children’s non-symbolic abilities. Other authors also highlighted the importance of “math talk,” that is, how parents use math or number words in everyday life (Braham et al., 2018). In this regard, Elliott et al. (2017) found that parents’ use of numbers larger than 10 was positively and significantly related to children’s math abilities even when controlling for parents’ overall talk. It has also been found that intervention directed to parents leads to enhanced home numeracy activities and significant gains in children’s early numerical skills (Niklas and Schneider, 2014). However, a few studies found a non-significant association between home numeracy and children’s performance in early math (e.g., Blevins-Knabe et al., 2000), and some other studies showed that there were differential effects of formal and informal home numeracy activities on different domains of number processing skills (Manolitsis et al., 2013; Kleemans et al., 2016; Mutaf Yildiz et al., 2018a). For example, Mutaf Yildiz et al. (2018a) found that formal home numeracy was related to enumeration skills, informal home numeracy was related to calculation and symbolic processing, but there were no relationships with non-symbolic processing.

In sum, although most researchers agree that an enriched home numeracy environment is positively related to early numeracy skills in children, the precise causal patterns are far from clear, as cognitive and linguistic factors impact numerical abilities as well. A possible limitation of previous studies addressing the direct link between home numeracy and children’s numeracy skills was that a limited number of possible intervening variables that might reduce or hamper the strength of the relationship was considered (Carroll et al., 2019).

Finally, within a multilevel perspective, research examining the impact of family-related factors in children’s cognitive skills, should include the measurement of socio-economic status (SES) (Bradley and Corwyn, 2002). Although the relationships between academic achievement and SES was not consistent across studies (Sirin, 2005), both home numeracy activities and children’s early math skills might be related to SES and therefore the role of SES should be included. Although there is relatively little research on the specific relationship between SES and math skills, most authors suggested a positive relationship (Duncan and Magnuson, 2011; Reardon and Portilla, 2016), although with significant differences between countries and different school systems (Baird, 2012). Furthermore, SES disparities have been found to be differently related to subcomponents of math skills, with higher gaps in the verbal aspects of maths skills, and minor or no differences in the performance in non-verbal and non-symbolic tasks (Jordan et al., 1992; Jordan and Levine, 2009). There was, also, contrasting evidence concerning the relationship between SES and the quantity of home learning activities. Silinskas et al. (2010) showed that the lower the SES of mothers and fathers, the more teaching of reading and mathematics they reported; also, the lower the children’s academic performance at the beginning of primary school, the more teaching by mothers and fathers was reported. These results showed that parents adaptively adjusted their teaching to the child’s academic performance level, even when they had low SES. Similar results were found by LeFevre et al. (2010) and Niklas and Schneider (2014). It is, however, possible that higher SES children were exposed to higher quality numeracy activities compared to lower SES children (Elliott and Bachman, 2018).



Intergenerational Paths of Math Skills

In recent years, increasing research has focused on intergenerational transmission of cognitive skills in parents and children. The first line of research regarded the concept of a broader phenotype of developmental disorders, which refers specifically to the cognitive endophenotypes that are shared with unaffected family members. Endophenotypes are heritable biochemical, endocrinological, neuroanatomical, or neuropsychological constituents of disorders, although they are likely to be influenced by complex interactions between genes and environments (Caspi and Moffitt, 2006). Studies conducted on children with dyslexia revealed, for example, that phonological deficits are shared in unaffected family members, and that parents and siblings of children with dyslexia underperform in reading measures compared to family members who are not at risk for the disorder (Göbel and Snowling, 2010). Bonifacci et al. (2014) found that parents of children with dyslexia underperformed in phonological and decoding tasks compared to parents of typical readers, with significant relationships between parents’ and children’s reading skills. As far as math is concerned, Shalev et al. (2001) suggested that dyscalculia, i.e., a specific learning disorder affecting mathematics (American Psychiatric Association, and Taskforce on Dsm-5, 2013), was a “familiar disorder,” with higher percentages of family members of children with dyscalculia showing impaired performances in math tasks, compared to the general population. In a similar vein, Desoete et al. (2013) found that 33% of siblings of children with dyscalculia had clinical or subclinical scores in early arithmetic skills and were at risk of developing dyscalculia: this percentage is above expectations based on typically-developing children. Therefore dyscalculia, like other specific learning disorders, was characterized by a significant family aggregation, suggesting a role of genetics in the evolution of this disorder (Shalev et al., 2001). However, twin studies found contrasting results on the genetic determinants of math ability. Some studies reported expected heritability for low mathematical performance ranging from 0.65 (Haworth et al., 2009) to 0.69 (Oliver et al., 2004); others proposed that basic numerical understanding was only moderately heritable, with environmental influences being a more powerful predictor (Tosto et al., 2014). Two genome-wide association studies failed to find any proper association (Docherty et al., 2010; Baron-Cohen et al., 2014), while Davis et al. (2014) confirmed a significant genetic component underlying mathematical abilities. Finally, Ludwig et al. (2013) found that the rs133885 variant in the myosin-18B (MYO18B) gene was associated with mathematical ability at a statistically significant level, but this result was not replicated by Pettigrew et al. (2015).

In summary, although previous evidence suggests a plausible genetic component in math intergeneration skills, the debate is still open and the role of environmental variables seems to be higher compared to studies on reading skills. Although very few studies have specifically assessed parents’ math skills, it might be that parents’ math skills may affect their math-related interactions with children at home. Parents’ with stronger math skills may be more interested in math and, for example, engage their children in math activities more often or, when possible, select a preschool with a more math-focused curriculum.

Recently, some studies addressed the issue of intergenerational transmission of literacy (van Bergen et al., 2015) and math (Braham and Libertus, 2017; Navarro et al., 2018; Bernabini et al., 2020) skills not only in children with dyscalculia but also in typical populations. Navarro et al. (2018) found that parents’ Approximate Number System (ANS) skills were related to toddlers’ number processing and that this relation was independent of children’s vocabulary or parents’ perceived math ability, suggesting a specific intergenerational transmission of the ANS. In another study (Braham and Libertus, 2017), conducted on 54 children (5–9 years old) and their parents, children’s ANS acuity positively correlated with their parents’ ANS acuity. Also, children’s math abilities were predicted by unique combinations of parents’ ANS acuity and math ability depending on the specific math skill in question. Nevertheless, to our knowledge, there is a paucity of research that considers the differential role of home numeracy, parents’ skills, and children’s own skills in a comprehensive model.



Children’s Cognitive, Linguistic and ANS Skills

The ability of humans (and animals) to process magnitudes even prior to the development of verbal skills is thought to be mediated by an intuitive, non-symbolic system defined as the ANS that includes the ability to quickly understand and manipulate numerical quantities (Dehaene, 1997). This precocious and preverbal sense of numerical magnitude seems to represent the basis on which, through the interplay with other cognitive skills (mainly language and working memory), numerical knowledge develops from preschool to primary school, when formal teaching shapes arithmetic ability (Xu and Spelke, 2000; Feigenson et al., 2004; Xu et al., 2005; Halberda and Feigenson, 2008; Izard et al., 2009; Nieder and Dehaene, 2009; Brannon and Merritt, 2011).

According to Von Aster and Shalev’s (2007), the development of number representation is hierarchically organized. In their four-step model, as the first step, core-system representation of cardinal magnitude and various functions, such as subitizing and approximating, implements the basic meaning of the number. This step is a necessary precondition for children to learn to connect a perceived number of objects or events with spoken or, later, written and Arabic symbols. As the second step, children learn the verbal number system and, as the third step, the Arabic symbolization. These two steps are, in turn, the precondition for the evolution of a mental number line (step 4) in which ordinality is represented as a second core aspect of number processing. The first step produces the foundation for the subsequent acquisition of all numerical skills. Children who do not show these primordial skills may be able to learn the names of the numbers but do not associate these names with the meaning of a quantity. From the first to the fourth step, the model predicts a progressive increase of working memory load in numerical processing.

In typically-developing children, several studies have revealed a strict relationship between dot comparison – as a measure of ANS - and mathematics achievement (Libertus et al., 2011; Mazzocco et al., 2011). However, there are contrasting results to this regard (for a review, see De Smedt et al., 2013), and some authors suggest that symbolic representation is more strictly related to mathematical achievements (Göbel et al., 2014; Goffin and Ansari, 2019). This is in line with the strong relationship found between math skills and language development (e.g., Korpipää et al., 2019), supporting the idea that language competence may act as a scaffolding ability on which numerical development may rely (Bonifacci et al., 2016). In terms of linguistic skills, the verbal code proposed within the Triple Code Model (Dehaene, 1992, 1997) was used in particular for counting, addition, and easy multiplication. From a developmental perspective, and in line with Von Aster and Shalev’s (2007) model (step 2), the verbal code allowed children to associate symbols to quantities. Therefore, language was essential for the growth of numerical competencies. In particular, lexical amplitude (vocabulary) was necessary to understand specific math terms (Adams, 2003; Purpura et al., 2011), and phonological awareness might play a role in the storing and retrieval of numbers (Swanson and Sachse-Lee, 2001).

Furthermore, many studies have reported relationships between early numeracy skills and other cognitive skills. Executive functions (EFs), defined as cognitive processes which serve for selecting and successfully monitoring goal-directed behaviors, have been found to be related to early (Espy et al., 2004; Purpura et al., 2017; Schmitt et al., 2017) and late development of math skills (Cragg et al., 2017). Actually, some studies suggested that EFs, and in particular inhibitory control, might drive the relationship between ANS acuity and math ability in young children (Fuhs and McNeil, 2013) or, even, that the association between ANS and math skills might be better explained by the inhibitory control demands of some trials of the dot comparison task (Gilmore et al., 2013; Leibovich and Ansari, 2016). Finally, visuo-spatial working memory, that is, the ability to retain information for a short time in order to think about it, has been documented to be highly related to non-symbolic and written arithmetic and word problems (Zhang and Lin, 2015), counting (Cirino, 2011), and magnitude judgments (Simmons et al., 2012).

In summary, the different potential factors that might be related to math skills, above reviewed within the three main domains of analysis, strongly suggest that the emergence of formal mathematical competencies results from the complex interplay between the ANS and other cognitive skills and is further related to environmental factors and intergenerational paths. Despite many investigations addressed each of these factors separately, few studies attempted to examine multi-domains relationships with children’s math skills.



The Current Study

The present study aimed to investigate which components are related to early math skills in preschool children, within a multilevel theoretical framework that accounts for intergenerational paths, demographic and environmental factors and children’s cognitive and linguistic skills. In particular, our objective was to explore the role of SES and environmental stimuli (home numeracy), intergenerational patterns (parent’s math skills), children’s cognitive and linguistic skills, and children’s ANS in supporting children’s early math skills. To do so, a battery of tasks assessing prerequisites of math and ANS skills was administered to a sample of children during their last year of kindergarten, taking into account cognitive measures such as attention, visuo-spatial memory, and non-verbal IQ, as well as language skills. Another battery of tasks assessing math abilities, including ANS measures, was administered to parents.

(1) As a first step, we analyzed the correlations of children’s early math skills with the following variables included in the study:

a. Familiar SES and home numeracy (environmental variables). In line with past studies (e.g., LeFevre et al., 2009), positive associations between children’s early math skills and environmental variables were expected.

b. Parents’ cognitive and mathematical basic (i.e., ANS) and more advanced (i.e., calculation) abilities (intergenerational transmission). Based on previous literature, we expected significant associations between children’s early numeracy skills and their parents’ ANS skills (see Navarro et al., 2018). Our analysis of the link with parents’ calculation skills is more explorative, but we expected to see at least a weak association with children’s early math.

c. Children’s competence in the cognitive and linguistic domains (inter-domain children’s variables). We hypothesized significant links between early math skills and domain-general cognitive variables, and in particular with working memory, for which literature provides a body of evidence (Raghubar et al., 2010). Also, we expected to find an association with language variables, as shown by past studies on preschoolers (Bonifacci et al., 2016).

d. Children’s competence in ANS skills (intra-domain children’s variables). We hypothesized significant links between early math skills and ANS, as shown in previous literature (Mazzocco et al., 2011).

(2) As a second step, in order to test which of the above relationships was more strongly related to early math skills, we investigated the concurrent predictors of children’s early math skills with a three-steps regression model on children’s composite numeracy score, that included: (1) the environmental variables and the intergenerational transmission represented by parents’ skills, (2) children’s inter-domain (cognitive and linguistic) skills, and (3) intra-domain (ANS) skills as potential predictors. The aim of this analysis was to better understand the strength of these multiple factors as concurrent predictors of children’s early math skills. In particular, the aim was to disentangle, within environmental and intergenerational variables, if the parents’ abilities in mathematical tasks, in particular the ANS tasks, were predictive of their children’s performances when considered together with home numeracy activities. Then, adding children’s skills, we wanted to evaluate if these explained additional variance and which skills, amongst inter-domain and intra-domain, predicted children’s math skills above and beyond environmental and parents’ variables.

We hypothesized that, in line with Braham and Libertus (2017) and with Navarro et al. (2018), parents’ ANS, as measured by non-symbolic comparison, would predict children’s ability with numbers. However, with a sample of 4–5-year-old children, we expected that the role of the home numeracy would also be significant, along with children’s ANS skills.

This is the first study that directly investigates the link between preschool children’s and parents’ math skills, including measures of ANS, basic symbolic skills, and more complex calculating skills. This research design contributes to disentange the intergenerational role of both basic non-symbolic numerical skills and home numeracy in predicting math ability in children, as measured by a battery of ecological and complex tasks.



MATERIALS AND METHODS


Participants

The sample included 64 children (mean age = 5.72 years, SD = 0.53, range = 4.42–6.58; 45.3% females), attending their last year of kindergarten. For each child, a parent was involved in data collection. Most of the parents were mothers (87.5%; mean age = 40.53 years, SD = 4.64, range = 29–49); in the remaining cases fathers were involved (mean age = 45.14 years, SD = 8.84, range = 28–54). Mean Non-verbal IQ (standardized scores) was 103.2 (SD = 15.3) for children and 99.0 (SD = 14.5) for parents. Parents’ mean SES was in the medium-high interval (mean = 45.4, SD = 12.6), and 86,5% of parents had a medium to high SES (see section “Materials and Methods” for details on the instruments used). There were no significant differences (all ps > 0.1) between fathers’ and mothers’ educational level (fathers: mean = 4.83, SD = 0.98; mothers: mean = 5.4; SD = 1.22) and occupation (fathers: mean = 5.33, SD = 2.6; mothers: mean = 6.16 SD = 2.4). Parents who volunteered to participate in the study were tested by the first author of the study and they stated that they spent time with their children in everyday activities. All children and parents were native Italian speakers. None of the children included in the study had been referred for neurodevelopmental disorders.

Participants were selected from four public preschools in suburban areas in Northern Italy. Italian preschools do not provide formal instruction regarding reading, writing, or mathematical skills, although children are involved in pre-reading and pre-writing activities that aim to familiarize them with letters and letter-sound correspondence. From an initial sample of 69 children, in the study we included only participants with a complete dataset collected from the child and one of the parents. Parents provided written informed consent prior to the experiment. The study was approved by the Ethical Committee of University of Bologna.



Materials

Parents and children were administered tests assessing intellectual functioning, formal math skills, and symbolic and non-symbolic comparison tasks. Parents were also administered a socio-demographic questionnaire and a questionnaire investigating home numeracy habits. A detailed description of the tasks is detailed below.


Socio-Demographic Information

The Hollingshead Four Factor Index of Social Status (Hollingshead, 2011) was used. For this study, indexes of educational level (EL), and occupation (O) were chosen. For both indexes, scores ranged from 1 to 9. SES scores for fathers and mothers were managed with the formula EL∗3 + O∗5, and an aggregate SES score for children resulted from the mean of the two values. For example, a parent with a high school degree would receive a score of 4 and employed as a carpenter corresponds to a score of 4; therefore, the total SES for this parent would be of 12 + 20, equals 32 (mean range). A parent with a Ph.D. and employed as engineer would receive, respectively, scores of 7 and 8 with a total SES of 21 + 40 = 61 (high range). Scores ranged from a minimum of 8 to a maximum of 66; suggested classification for interpreting the scores is given by the questionnaire’s instructions (8–19 low; 20–29 medium-low; 30–39 medium; 40–54 medium-high; 54–66 high; Hollingshead, 2011).



Children’s Assessment


Cognitive skills


Non-verbal IQ

Children were administered the Matrices subtest of K-BIT 2 (Kaufman and Kaufman, 2004; Bonifacci and Nori, 2016). This test measured Non-Verbal IQ; it had different starting points based on the participant’s age and stops after four consecutive wrong responses. For children aged 4–5 years the first nine items required to point to the image (amongst five images) that was associated with the target image (e.g., a car goes with a truck). Then, from item 10 children were required to solve simple analogies with concrete objects (e.g., The car goes with the road, the boat goes with …) and, increasing in difficulty, with abstract figures. Raw scores (the maximum score was 46) were converted into standard scores (see participants description) according to the Italian test manual (Bonifacci and Nori, 2016) and z-scores (for calculating the Composite Cognitive Score). Split-half reliability coefficient in developmental age (4–18 years) was 0.87.



Visual-spatial memory

Children were administered the visual-spatial memory task from the SNUP test (Tobia et al., 2018). In this task, children had to remember the positions of one to four elements on 3 × 3 and 4 × 4 grids that were presented for 2 and 4 s, respectively, and then covered. A total of 10 grids, preceded by an example, were presented, and a score of 1 was assigned for each element remembered in the correct position, for a maximum total score of 26 (Cronbach’s α = 0.80). Z-scores derived from the test manual were used in the analyses.



Attention

The visual attention task from the NEPSY-II (Korkman et al., 2014) was administered to the children in order to assess selective and sustained attention. The visual attention task is a visual cancelation task, which requires children to identify and mark the target stimulus (a rabbit) from among an array of distractors as quickly as possible. The variable considered was accuracy, measured as the difference between the total number of target stimuli identified and the incorrect targets marked (i.e., distractors). The maximum score is 27. Z-scores derived from the test manual were used in the analyses. The Cronbach’s α reliability for this measure was 0.76.

A Composite Cognitive Score was computed with mean z-scores of non-verbal IQ, visuo-spatial memory and attention tests.



Language skills

Children were administered two subtests of the IDA battery (Bonifacci et al., 2015) to assess vocabulary and phonological awareness. For all the subtests, z-scores derived from the test manual were used.


Vocabulary

Children were asked to name 36 images selected for their decreasing frequency in spoken language. The accuracy score, ranging from 0 to 36, was considered. The scale’s Cronbach’s alpha was 0.85.



Phonological awareness

To assess children’s phonological awareness, a syllable segmentation task was administered. Stimuli were presented orally, and children were required to provide a verbal answer by segmenting sounds (e.g., Carota ? Ca-ro- ta; Carrot; six items). Each item received a score of 1 for correct responses and a score of 0 for incorrect answers, for a maximum total score of 6. The scale’s Cronbach’s alpha was 0.84.

A Composite Language Score was computed by calculating mean z-scores for the Vocabulary and Phonological Awareness score.



Early numeracy

Children were administered four subtests of the SNUP test (Tobia et al., 2018) to assess the children’s early numerical skills. For all the subtests, z-scores derived from the test manual were used.


Counting and biunivocal correspondence

Children were asked to count 20 buttons scattered on a board measuring 20 cm × 30 cm. Knowledge of the verbal sequence of numbers and the acquisition of the biunivocal correspondence principle of counting, namely the ability to link each number word to an individual object, were evaluated separately. Scores range from 0 to 20 for each subscale, and one point was given for each number word named correctly on the scale of 1–20 and when the child linked one number word to one button. The scale’s Cronbach’s alpha was 0.93.



Recognition and reading of digits

Semantic knowledge of digits, that is, recognition and reading, were assessed for digits 1 to 9. The task was organized as a game with numbers comparable to bingo. A card containing the digits from 1 to 9 randomly allocated on a grid amongst blank squares was used, together with a small bag containing nine number cards, each representing a digit. In the digit recognition subtask, children pointed to the number on the bingo card that had been picked out of the bag and read aloud by the examiner. For the digit reading subtask, children picked a number from the bag and read it aloud. For each digit correctly identified or read, a score of 1 was given (total score: 0–9 for each subtask). The subtest’s Cronbach’s alpha was 0.93.

A Composite Numeracy Score was computed by calculating mean z-scores for the counting, biunivocal correspondence, and recognition and reading of digit scores.



Speed of processing and ANS


Speed of processing

A task to measure simple reaction times (RTs, Bonifacci and Snowling, 2008) was administered. Children were required to press the space bar of the keyboard, as fast as they could, whenever a ‘blue star’ (measuring 8 cm × 8 cm) appeared on a white screen. The target stimulus was presented on the screen for a maximum of 1 s and disappeared after the response was made. The following stimuli appeared at 1-s intervals after the preceding stimulus had disappeared. Fifteen practice trials were completed, followed by 40 test trials. Mean RTs were recorded.



ANS – non-symbolic magnitude comparison

A computerized magnitude comparison task was administered. Children were presented with two sets of dots in a random configuration, and were asked to identify the set representing the larger numerosity, by pressing one of two keys on a computer keyboard (W and P); they were instructed not to count. After a practice block (10 trials), 64 randomized trials were administered, with pairs of stimuli ranging from 1 to 9 dots and numerical distance between them ranging from 1 to 8. Each set of dots remained on the screen until the child responded. The stimuli were designed to avoid template matching and to prevent the total dot area being used as a cue to numerosity. Therefore the total area occupied by the dots was equivalent across displays (for a complete description of this experiment, see Guarini et al., 2014, 2020). We decided to range dots 1–9 according to other studies conducted with children attending kindergarten (Lyons et al., 2018). The measures considered were accuracy (i.e., number of correct answers) and mean reaction time for correct answers.

A regression analysis with simple RTs as the independent variable and dot RTs as the dependent variable was performed, and standardized residuals were used in the following analyses in order to obtain a measure of speed in magnitude comparison task that was free of the influence of general processing speed. Standard residuals and mean accuracy scores were used in the analyses.



Parents’ Assessment


Home numeracy

The children’s Home Numeracy was assessed through a questionnaire that was designed to be administered to the child’s parents (see Appendix 1). The questionnaire includes seven items that investigate the child’s home numeracy habits and skills (‘Do activities that require placing objects in order of size or length’) and their knowledge of numbers (‘Read or write numbers’). The reliability index was Cronbach’s α = 0.78. The responses were provided on a 4-point Likert scale, ranging from ‘Never’ to ‘Very often,’ mean scores were used in the analyses (minimum = 1, maximum = 5).



General cognitive ability


Non-verbal IQ

Parents, similarly to children, were administered the Matrices subtest of K-BIT 2 (Kaufman and Kaufman, 2004; Bonifacci and Nori, 2016). The test measures Non-Verbal IQ; it has different starting points based on the participant’s age and stops after four consecutive wrong responses. The maximum score is 46. Raw scores were converted into standard scores according to the Italian test manual. Split-half reliability coefficient in adult age (19–90 years) was 0.87.



Calculation skills

Parents were administered three subtests of the BDE-2 test (Biancardi et al., 2016): Quick Calculation, Approximate Calculation, and Written Calculation. The test’s manual offers a reliability index for the three main factors investigated, identified by factorial analysis. In addition, the Mental Calculation subtest from the MT battery was administered to parents (Cornoldi et al., 2010). Raw scores were used in the correlation analyses. Z-scores derived from the sample of the study were used for the Composite Numeracy Score.


Quick calculation

In this test, parents have 2 min to write the correct results of as many mixed operations as possible (additions, subtractions, multiplications, divisions) up to a maximum of 40. The score is the total number of correct answers they give in 2 min. The level of saturation of these items on the First Factor of the test was 0.80 and the scale’s Cronbach’s alpha of the First Factor was 0.74.



Approximate calculation

Parents have 2 min to indicate the correct result of 18 operations, indicating one out of four options. For example, the operation is 75:5 and they have to choose between 80, 375, 15, or 5. The score is the total of correct answers and the maximum score is 18. The level of saturation of these items on the First Factor of the test was 0.77 and the scale’s Cronbach’s alpha of the First Factor was 0.74.



Written calculation

Parents have 2 min to indicate the correct result of six written operations: two additions, two subtractions, and two multiplications (example: 356 + 579; 102−48; 216 × 29). The score is the total of correct answers and the maximum score is 6. The level of saturation of this item on the Second Factor of the test was 0.29 and the scale’s Cronbach’s alpha of the Second Factor was 0.62.



Mental calculation

The examiner reads 8 operations (2 additions, 2 subtractions, 2 multiplications, and 2 divisions) and parents have 60 s to answer each operation with the correct result. The score is the total of correct answers they give. The maximum score is 8. The test–retest reliability was 0.75.

A Composite Numeracy Score was computed by calculating mean z scores, derived from the study sample, for the Quick Calculation, Approximate Calculation, Written Calculation, and Mental Calculation.



ANS


Estimation

This task was developed on E-Prime for the purpose of the present study and adapted from Knops et al. (2014). Different sets of black dots were presented on a white circle against a black background. The numerosities were 10, 16, 24, 32, 48, 56, or 64 dots. Each numerosity was presented five times, each time in a different configuration, so that the same numerosity never appeared in consecutive trials. Participants were instructed to look at the circle with black dots inside for 500 ms and then to estimate the quantity of dots shown on the computer screen, typing the number using the keyboard. The mean distance between the correct number and the given number (differential) was calculated. Z-scores were computed on study sample.



Non-symbolic magnitude comparison task

In this task, parents were instructed to compare two sets of violet squares, which were simultaneously presented in two black rectangles on the left and right side of the screen, and they were instructed to choose the side with the larger numerosity by pressing a key that was congruent (left or right). The task was adapted from Landerl et al. (2009). Forty pairs of sets of squares were presented. The difficulty in making this decision is manipulated by varying the ratio or the numerical distance between the two sets. Each display consisted of between 20 and 72 squares, with the difference between the two displays ranging from 10 to 29 squares. To avoid the displays with the larger numerosity systematically consisting of smaller squares, each display included squares of different sizes. The maximum score is 40. The percentage of correct responses was used in the analyses and then z-scores were used to compute the composite score.

A composite ANS score was computed by calculating mean z scores, derived from the study sample, for the estimation and the non-symbolic magnitude comparison tasks.



Data Analysis

Pearson correlations were performed to (aim 1) analyze associations between children’s early math skills and: environmental variables (SES and home numeracy), parents’ variables (non-verbal IQ, calculation skills, ANS), inter (non-verbal IQ, cognitive skills, linguistic skills) and intra-domain (ANS) children’s skills.

Then, in order to (aim 2) investigate predictors of children’s early math skills, as represented by the Composite Numeracy Score, a 3-step hierarchical regression analysis was run. Environmental and parents’ variables were included in the first step: home numeracy, parents’ calculation skills and ANS. In the second step, composite scores of children’s cognitive and language skills were included. Finally, in the last step, scores related to children’s ANS were included.



RESULTS

Descriptives for children’s and parents’ variables are showed in Table 1.


TABLE 1. Descriptive statistics for all the variables regarding children and parents.

[image: Table 1](1) The correlations between children’s early numeracy skills and the environmental and parents’ variables are detailed in Table 2A. A strong association was found between home numeracy and the Composite Numeracy Score (r = 0.399) as well as with the single tasks: biunivocal correspondence, recognition and reading of digits (excluded counting). On the counterpart, SES was not significantly related to children’s early numeracy skills (all r < 0.2). Considering the relationships between children’s early math skills and intergenerational patterns, there were no significant correlations with parents’ calculation skills (quick calculation, approximate calculation, written calculation, mental calculation). Considering parents’ ANS skills, there was only a marginal negative association between biunivocal correspondence and parents’ accuracy in magnitude comparison, as well as with the composite measure of parents’ ANS.


TABLE 2A. Pearson correlations coefficients (r) between environmental stimuli, intergenerational variables, and children’s skills.

[image: Table 2]In Table 2B, correlations between children’s cognitive, linguistic, and early numeracy skills are reported. A significant relationship was found between children’s non-verbal IQ and early math skills (Composite Numeracy Score as well as single tasks: counting, recognition and reading of digits, see Table 2B). Also, visuo-spatial memory skills were related to the Composite Numeracy Score and, in particular, with digit recognition and digit reading. The attention task was not specifically related to children’s early math skills (all r < 0.2), but the Composite Cognitive Score was related to all the early numeracy subtests and to the Composite Numeracy Score except for biunivocal correspondence. Language skills (Composite Language Score), and in particular phonological awareness, were mostly linked to recognition and reading of digits, whereas vocabulary was not significantly associated with children’s early number skills. Finally, as revealed in Table 2B, many significant correlations could be observed among ANS skills (RTs and accuracy) and the Composite Numeracy Score. Magnitude comparison accuracy, in particular, was strongly related to digit recognition and reading and the composite score (all r > 0.5).


TABLE 2B. Pearson correlations coefficients (r) among children’s variables.

[image: Table 2](2) Table 3 shows the results of the hierarchical analysis investigating predictors of children’s early math skills, as represented by the Composite Numeracy Score. For the first step, only home numeracy resulted as a significant predictor of children’s early math skills, and the model explained 20.4% of variance. At the second step, children’s cognitive and linguistic skills (Composite Scores) were also included as potential predictors, adding a portion of explained variance (7.6%) that tended to significance (p = 0.055): home numeracy, as well as children’s cognitive skills, resulted as significant predictors. Children’s magnitude comparison performance (RTs and accuracy) was added as an additional potential predictor at step 3, and the model reached a total explained variance of 39.9%. Home numeracy resulted, again, as a significant predictor; also, children’s accuracy in the dot comparison task significantly predicted their early math skills.


TABLE 3. Hierarchical regression; dependent variables: children’s composite numeracy score.

[image: Table 3]


DISCUSSION

In the present study, we aimed to evaluate (1) the variables associated with early math skills in preschool children, as well as (2) concurrent predictors of children’s early math skills, including environmental variables (SES, home numeracy), intergenerational paths (parents’ non-verbal IQ, calculation skills, and ANS) and children’s cognitive, linguistic, and ANS skills. The main results are that, (1) regarding the analysis of associations, children’s early math skills were related to one aspect of the environment, namely home numeracy activities, but not to SES. Children’s early math skills did correlate with children’s cognitive and language skills, but not with parents’ calculation and ANS abilities, confirming our expectations only partially; (2) as far as the analysis of predictors is concerned, children’s non-symbolic magnitude comparison accuracy, as a measure of ANS, was the strongest predictor of their early math skills, but home numeracy also predicted children’s early math skills over and above a number of parent and child variables (e.g., cognitive skills, language skills).

Regarding the first aim, we found multiple relationships between parents’ and children’s skills, and within children’s skills. In terms of the associations between children’s early numeracy and environmental variables (SES, home numeracy), it is of interest that there was no significant relationship between SES and children’s skills. This result seems to be in contrast with the reported literature about the gap in math achievement of low-income children compared to high SES peers (Reardon and Portilla, 2016). However, as discussed in the introduction, some previous studies failed to find the achievement gap in low-SES children, at least for non-verbal math tasks (Jordan et al., 1992; Jordan and Levine, 2009). Baird (2012) found significant differences in the roles of SES on math skills between countries and different school systems. To this regard, for Italy, the OCSE report accounts for a minor predictive role of SES (Quintano et al., 2009). Therefore, according to Elliott and Bachman (2018), the relationship between SES and math skills should not be considered as a direct relationship, but rather to be mediated by how SES impacts on moderating factors such as beliefs, home numeracy, and math talk. In contrast, as we expected, a significant strong relationship between home numeracy activities and early math skills in children was described, reinforcing the strong evidence reported in literature about the important role of home numeracy in fostering numerical development in children (LeFevre et al., 2009). Therefore, results from the present study seem to suggest that home numeracy is more strongly associated with math skills than SES.

Concerning the role of the intergenerational path of math skills, neither parents’ ANS skills nor calculation were related to children’s formal math skills. This result was in contrast with our expectations and with previous studies (Braham and Libertus, 2017; Navarro et al., 2018).

Concerning the correlations between the children’s skills, a strong association between cognitive skills and early numeracy has been pointed out, revealing inter-domain relationships. Indeed, non-verbal IQ and visuo-spatial memory show a strict association with recognition and reading of digits, reinforcing the idea that math skills might be, at least in part, related to general intellectual functioning (Poletti, 2017), as well as to visuo-spatial memory skills (Cirino, 2011; Simmons et al., 2012; Zhang and Lin, 2015). It also has to be noticed that the association between non-verbal IQ and early numeracy might reflect an association between IQ and visual-spatial skills (as both non-verbal IQ and memory tests were highly confounded by visual-spatial skills; Cornoldi et al., 1995). In addition, the present study also gives useful insight into the relationship between linguistic and numeracy skills. As expected, there was a significant relationship between mean language scores and recognition and reading of digits (Purpura and Ganley, 2014; Korpipää et al., 2019), with phonological awareness playing a relevant role. Contrasting results were found regarding the relationship between phonological awareness and mathematical skills, and some authors have suggested that it might not be constant across development (Passolunghi et al., 2015).

Furthermore, a strict intra-domain relationship was observed, since non-symbolic magnitude comparison tasks were significantly related to early math skills, in line with previous evidence regarding the foundational role of ANS skills in number development (Libertus et al., 2013).

Taken as a whole, the results from the correlational analyses provided interesting insight into the complex pattern of relationships within and between groups, highlighting the fact that, beyond a relationship between early math skills and ANS-related measures, early numeracy skills develop within a network of multiple relationships, involving both environmental and within-subject variables.

In order to better understand the strength of these multiple factors, we developed as second aim a regression model that included, as the first step, the environmental and intergenerational variables, as the second step, the children’s cognitive and linguistic profile, and as the third step the children’s ANS skills. It emerged that environmental variables alone explained around 20% of the variance and home numeracy resulted as a significant predictor of children’s early math skills. By contrast, no effect of intergenerational variables (parents’ calculation and ANS skills) was found. The second step of the analysis added a marginally significant proportion of variance showing that children’s cognitive, but not linguistic skills predicted early numeracy skills. Although in the correlation analyses it was found a significant relationship between phonological awareness and early math skills and previous literature strongly reports evidence of language as a predictor of numeracy skills, in the regression analysis the children’s linguistic profile did not emerge as a significant concurrent predictor of their early numeracy skills, namely it did not add a significant proportion of explained variance in the model. A possible explanation is that, within a complex model that accounts for many different variables and in a sample of this age, the role of language skills becomes secondary to other skills and, particularly, to home numeracy activities. Further investigation through multiple-variables models would be necessary to better disentangle the role of language in early math skills when other environmental and cognitive variables are taken into account. Finally, we wanted to evaluate whether children’s ANS-related skills represented a meaningful predictor of their numeracy skills above the role of environmental and cognitive factors. The variance added in the third step was significant and accuracy scores in the dot comparison task, together with home numeracy, were the significant predictors of early numeracy in the final model.

Results from the regression analysis, therefore, highlighted the main role played by home numeracy and children’s ANS skills, whereas parents’ math skills and children’s cognitive and linguistic measures, although partially related to early math skills, resulted in being secondary factors. This picture is in line with previous studies that highlighted, on one side, the role of home numeracy (e.g., Kleemans et al., 2012) and, on the other hand, that of children’s non-symbolic magnitude comparison skills (Libertus et al., 2011). However, few previous studies have considered these factors together and the present study offers original insight into the possibility that both these factors are similarly related to children’s early math skills.

On the contrary, the pattern of results that emerges from the present study is partially in contrast with previous evidence of a direct relationship between parents’ and children’s math skills (Braham and Libertus, 2017; Navarro et al., 2018). It is possible that the intergeneration pattern of math skills is weaker than that of literacy skills, as reported in many previous studies (e.g., van Bergen et al., 2014). In other words, although some evidence suggests that math skills might have genetic/biological markers (Docherty et al., 2010), and that math disorders might be a “familiar” disorder (Shalev et al., 2001), it may be that in the pathway to the behavioral level many more external variables play a role. It has also to be considered that genetic links might be dependent on specific samples and situations: previous study on heritability estimates, which, however, found contrasting results, included children from clinical samples (Ludwig et al., 2013; Pettigrew et al., 2015). The present study was, instead, conducted on a sample of typically developing children and the genetic influence of math skills might result weaker. Further, it is known that many children (and adults) may underperform in math tasks because of stereotype threats (Tomasetto et al., 2011), math anxiety (Maloney et al., 2015), or didactic opportunities (Slavin et al., 2009; Pellizzoni et al., 2020). Considering the paucity of research on this issue, further investigation is warranted to better understand the intergenerational pathway of math skills and of possible intervening variables.

Finally, children’s cognitive skills were related to their early numeracy skills, but when their ANS skills were considered, the latter became the unique significant individual predictor of children’s early math skills. In our view, this pattern is not in contrast with previous studies that documented relationships between cognitive, linguistic, and math skills, but should be interpreted as a suggestion that these cross-domain connections should not be considered as strong as domain-specific variables.

These results represent an original picture of the complex interplay amongst variables involved in the development of early math skills. We previously reviewed evidence regarding the consolidated dual relationship between home numeracy and early math skills, and between ANS measures and early numeracy development. However, the present study offers a new window on this literature, taking account of these different variables altogether and adding the assessment of parents’ math skills. Undoubtedly, this line of research needs a more in-depth investigation in light of the limitations of the present study that might limit the generalizability of results. First, the sample is relatively small and data were collected in a concurrent design, therefore further investigation on a wider sample and through longitudinal design is needed. This would also allow alternative possibilities for the directions of relationships found in the present study, such as, for example, the role that children’s early math skills could have in eliciting more offers of home numeracy activities by their parents (i.e., evocative biology-environment correlation; Plomin et al., 1977), or the role of home numeracy activities as a mediator between parents’ and children’s math skills. Secondly, there is debate in the literature about which ANS tasks have the highest validity (Smets et al., 2014) and replication is required with different types of tasks, both in relation to ANS-related skills and early cognitive, literacy, and math skills. In particular, the magnitude comparison task proposed to preschool children ranged from 1–9, included the subitizing range (1–4) with possible contamination of the ANS measure (Lyons et al., 2018). Thus, it would be recommended to replicate our results by avoiding the subitizing range. In addition, as far as older children are concerned, symbolic magnitude comparison tasks could be included, in order to better understand the differential role of symbolic and non-symbolic measures in math skills. With reference to the relationship between SES and math skills, it is possible that the variance in the present sample was not sufficiently wide to detect differential effects. Furthermore, some limitations on the measured used should be taken into account: despite the home numeracy questionnaire showed good reliability, no factor analysis was performed because of the small sample; also, reliability measures are missing for some of the experimental tasks and for composite scores. Finally, the present study did not consider factors such as parents’ attitudes and expectations related to their children’s math performance (e.g., Neuenschwander et al., 2007), as well as familiar variables such as children’s birth order that could impact on the time their parents spend in doing activities with them (e.g., Price, 2008); these variables should be included in future research. Within this framework, it has also to be noticed that in the present study, as in others that adopted a similar methodology (see Braham and Libertus, 2017; Navarro et al., 2018), the term intergenerational is used, but selection procedures did not include all parents (father and mothers) and there is no direct control of genetic impact. Therefore, the term intergenerational, although frequently adopted in the literature on the relationships between parents’ and children’s cognitive (math, literacy) skills, should be interpreted with caution and more studies involving both parents are needed.

Despite these limitations, the suggestion that came from the present study is that the type of activity that parents carry out in the home environment might be more powerful than their actual efficiency in math skills. In terms of children’s skills, moreover, the present study showed that domain-specific skills, such as those related to the ANS, are more important than domain-general cognitive and linguistic skills in shaping early numeracy competence. Therefore, stimulating children’s ANS skills is of importance for favoring their early math skills. Further research in other age ranges (primary and secondary school) should better investigate the developmental patterns of complex interactions across individual and environmental variables in predicting math skills. For example, in a similar research design, Bernabini et al. (2020) found that, in fifth graders, children’s symbolic comparison skills were the most significant predictor of their math skills, above and beyond mothers’ math skills.

Finally, the present study suggests important implications for the educational setting, where it is important to activate both direct (directed at the child) and indirect (directed at parents) instruction in numeracy development. Regarding the direct instruction approach, training programs aimed at improving ANS skills in young children (e.g., Van Herwegen et al., 2017) are recommended. Considering interventions directed at parents, a few past studies have documented the efficacy of training to improve their ability to involve their children in adequate home numeracy activities (e.g., Niklas et al., 2016); our study suggests that this type of intervention should be implemented in order to improve home numeracy in families of preschoolers.
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Appendix 1 | Questionnaire for parents on home numeracy activities.
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Counting Biunivocal correspondence Recognition of digits Reading of digits Composite Numeracy Score

Non-verbal IQ 0.272* —0.020 0.325* 0.328** 0.278*
Memory 0.138 0.033 0.672** 0.516** 0.380**
Attention 0.041 —0.090 0.108 -0.012 0.001
Composite Cognitive Score 0.265* —0.034 0.553* 0.456™ 0.371*
Vocabulary 0.132 —0.191 0.208 0.217 0.082
Phonological awareness 0.160 —0.050 0.285* 0.391* 0.230
Composite Language Score 0.204 —0.144 0.349* 0.442* 0.236
ANS- Magnitude comparison (RTs) —-0.179 0.118 —0.410* —0.449* —0.258"
ANS- Magnitude comparison (accuracy) 0.246 0.337* 0.536™ 0.574* 0.563"*

*p < 0.01; *p < 0.05; IQ, intellectual quotient; RT, reaction times; ANS, approximate number system.
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Children

Counting Biunivocal correspondence Recognition of digits Reading of digits Composite Numeracy Score

SES 0.038 —0.135 —0.002 0.016 —0.052
Home numeracy 0.170 0.268* 0.398** 0.340** 0.399**
Non-verbal IQ 0.098 —0.097 0.193 0.164 0.095
Quick calculation 0.054 0.004 0.047 0.078 0.058
Approximate calculation 0.213 0.039 0.181 0.163 0.194
— Written calculation 0.138 —0.238 —0.046 —0.108 —0.105
Mental calculation 0.140 —0.022 0.077 0.110 0.094
ANS-Estimation —0.018 0.049 0.121 0.126 0.088
ANS-Magnitude comparison (accuracy)  0.079 —0.253* 0.056 —0.002 —0.073
ANS-Magnitude comparison (RTs) —0.143 —0.106 —-0.174 -0.212 0.212
Composite ANS 0.064 —0.2452 —0.010 —0.091 —0.120
Composite Numeracy Score 0.180 —0.071 0.086 0.081 0.079

***p < 0.01; *p < 0.05; @p = 0.051 SES, socio-economic status; IQ, intellectual quotient; ANS, approximate number system; RT, reaction times.
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Group

Prime-target Presentation DS (n = 20) TD (n = 20)
congruency type Emotion Mean (SE) Mean (SE)

Congruent Sad 0.84 (0.08) 0.93 (0.06)

Face - face Happy 0.99 (0.02) 0.98 (0.03)

Neutral 0.97 (0.04) 0.96 (0.04)

Face — word Sad 0.98 (0.03) 0.98 (0.03)

Happy 0.97 (0.04) 0.98 (0.03)

Neutral 0.98 (0.03) 0.98 (0.03)

Word - face Sad 0.92 (0.06) 0.94 (0.05)

Happy 0.98 (0.03) 0.98 (0.03)

Neutral 0.99 (0.03) 0.98 (0.03)

Word - word Sad 0.96 (0.04) 0.97 (0.04)

Happy 0.96 (0.04) 0.97 (0.04)

Neutral 0.98 (0.03) 0.99 (0.03)

Incongruent Face - face Sad 0.81 (0.09) 0.90 (0.07)

Happy 0.94 (0.05) 0.99 (0.02)

Neutral 0.94 (0.05) 0.95 (0.05)

Face — word Sad 0.99 (0.03) 0.98 (0.03)

Happy 0.97 (0.04) 0.96 (0.04)

Neutral 0.97 (0.04) 0.96 (0.05)

Word - face Sad 0.86 (0.08) 0.93 (0.06)

Happy 0.97 (0.04) 0.98 (0.03)

Neutral 0.92 (0.06) 0.97 (0.04)

Word - word Sad 0.90 (0.07) 0.93 (0.06)

Happy 0.96 (0.04) 0.98 (0.03)

Neutral 0.98 (0.03) 0.98 (0.03)






OPS/images/fpsyg-11-00692/fpsyg-11-00692-t002.jpg
Group
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congruency type Emotion Mean (SE) Mean (SE)
Congruent Sad 1318 (94) 1592 (91)
Face — face Happy 1133 (90) 1235 (568)
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Face — word Sad 1115 (110) 1507 (105)
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Congruent Q - Q felice - Q felice - FELICE - FELICE
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OPS/images/fpsyg-11-00692/fpsyg-11-00692-g002.jpg
Until Response

FELICE

felice

felice

400 ms
800 ms
200 ms
+ +
Face - Face Word - Face

FELICE

Word - Word

Face - Word





OPS/images/fpsyg-11-00692/fpsyg-11-00692-g003.jpg
Mean Reaction Time (ms)

1800

1700

1600

1500

1400

1300

1200

1100

1000

90

o

800

| | |
Lol

Face - Face

Face - Word

Word - Face

Word - Word

Sad
W Happy

W Neutral





OPS/images/fpsyg-11-00455/fpsyg-11-00455-t003.jpg
Locomotor (Quotient A)

Personal and Social
(Quotient B)

Hearing and Language
(Quotient C)

Eye-hand Co-ordination
(Quotient D)

Performance (Quotient E)

Maternal anxiety

Total Sample
Not anxious
Anxious

Total Sample

Not anxious
Anxious
Total Sample

Not anxious
Anxious
Total Sample

Not anxious
Anxious
Total Sample
Not anxious
Anxious

Birth weight x Maternal anxiety x Time of assessment

ELBW VLBW FT
T T T T T T T T T

140 5@00 500 000 5(122) 5(122) 000 15192 10(130)
163 4@ 4@.) 000 57139 363 000 1505 10(139)
0(00) 10167  1(161) 000 0000 2400 000 000 000
140 11@40)  4(160) 0000 1441  6(146) 000 12(154) 3G9
163  B@21)  2(105 000 11Q06 4(111) 000 11(15)  3@42)
0(00) 3(00) 2(383) 000 3(600) 2(400) 0(00  1(200  0(00)
000 000 000 000 000 000) 25 000 0(00)
000 000 000 000 000 000 2(12) 000 0.0
000 000 000 000 00 000) 000 000 000
140 1@0 6(240) 000  1(24) 92200 3@7)  3@8) 7.1
163 163 6316 000  1(28) 8(22) 3@ 3@ 707)
000 000 000 000 000 1200) 000 0000 0(00)
260 000 4(160) 000 5(122) 60146 000 12(154)  1(13)
163 000 3(158 000 4(111) 57139 000 11(5)  1(14)
1(63) 0(0.0) 1(167)  0(0.0) 1(200) 1(200 000 1(20.0) 0(0.0)





OPS/images/fpsyg-11-00455/fpsyg-11-00455-t004.jpg
(Quotent A

Personaland

Matomal
Anoty.

Notanvious

Notandous

Notandous

Notanvious

Birth weight x Maternal anxiety x Time of assossment

n

11080% &
1300,
o102
107535
1053
o118
10802+
1261;
74125
101135
1102
85119
10649+
1276,
87135
10085+
836
%8119
10098+
1642
65149
11665+
7.8
104126
P
12621
76125
oras s
1358
751

P
T8
79118
2

2023,
6115
8000+

1326;
62123
257+

2000,
62139

10007 &
514
90118

11389 &

1180
95128
%90x

1216
70-188
10101+

1337;
86118
w72

1050
86121
070+

1597
86127

™

2
1633
7121
%21 %
2036
50117
@52
12.76;
6118
076+
1069
81-110
102428 &
1296;
86129
10108 &
500,
%6-107
8%+
1385
72
s
811
o111
8772
1149
0122
10022+
1272
o114

i

nas+
1449,
%0150
a6 &
558
11125
10748+
1090;
91136
02
92
o114
10730 &
1076;
02135
10850+
1354;
92119
1235+
1091;
ot-149
10092+
938
96119
nare
o2
%0125
1695+
912
104125

™

102400 &
1364
7212
082 &
480,
799
9413+
1385
67128
Badsx
1087
78-100

a5
761
%6126

10607 &
400,
100-110
10267 %
1167,
70120
%01+
867
86-107
850+
1380:
2-121
200+
1230
74108

T

100200 &
14.48;
69120
7400 &
1003;
7307
w02
125,
812
91+
1386:
73110
104780 &
1159
B513
10408+
778
100118
o884 s
1161
66138
o745+
1321;
70114
10092+
1259
72-127

n

11078 &
1086:
o713
s
1878
%0132
10830+
072
85125
10878+
600,
102-114
10696+
1081;
77135
10671+
804
%8114
10435
15.38;
65142
1028+
19.41;
86134
11850+
1085;
o7-139
12251 %
626:
1132

T

omo2 &
14.50;
55-130
10486+
1386:
BB118
orsax
13.38;
50125
486+
1877
78115
108189 &
953
85135
10480+
521;
100112
10140+
1263
67143
10838+
16.45;
95138
10154+
1452
67150
10596+
264
85150

13

2w s
15.99:
50133
10842
1080:
%121
%038+
10.17:
72130
%19%
.40,
85-110
10501 %
1223
85150
11081+
11.18;
107122
104155
1374;
65138
11041+
15.60;
%0133
10061+
14.13;
84150
10070+
2255
o7-150

it
weight x Maternal
anxioty x Time of

az74

000

3255

0258

2701

Matemalanity and tin of assessment. Vabes are mean  SD; ange 9 < 0.05 %p < 0.005 or pos o test Ty > T and T %p < Q.05 fo post oo tst (T3 > Ta) °p < 005 forpost oc tst Ty < To) % < 005
for post hoc test (FT > VLBW and ELBW.





OPS/images/fpsyg-11-02085/fpsyg-11-02085-g002.jpg
7500

worse

5500

3500

Auditory ANS efficiency

better

1500
1500 2500 3500 4500
better Visual ANS efficiency worse





OPS/images/fpsyg-11-02085/fpsyg-11-02085-g001.jpg
Training session 1 Training session 7

Training session 11






OPS/images/fpsyg-11-02085/crossmark.jpg
©

2

i

|





OPS/images/fpsyg-11-01297/fpsyg-11-01297-t004.jpg
6-month predictors 12-month gross motor 12-month fine motor 12-month cognitive

B B P R? B B P R? B B P R?
Model 1
Intercept 1239 2453 19.72
Gross motor 106 078 <0001 053 049 058 <0001 034 065 065 <0001 042
Model 2
Intercept na 023 21.09
Gross motor 101 069 <0.001 037 044 0.017 076 075 <0001
Fine motor 008 005 0743 053 020 o021 0288 03 018 016 0343 043
Model 3
Intercept 1261 2325 2129
Gross motor 0.82 0.56 0.001 0.31 0.37 0.058 0.71 071 <0.001
Fine motor -032 -0.20 0271 0.08 0.09 0.699 -0.27 -0.24 0.243
Cognitive 056 043 0028 059 017 022 0327 038 014 015 0486 0.4
Model 4
Intercept 12.49 2342 217
Gross motor 085 058 0001 027 032 010 061 061 0.001
Fine motor -0.29 -0.18 0317 0.05 0.05 0.825 -0.36 -0.32 0.097
Cognitive 0.58 0.44 0.021 0.14 0.19 0.407 0.07 0.08 0.691
Neonatal status -081  -008 0845 060 115 019 0224 040 290 040 0005 056

Number of participants = 40. Rew scores of gross motor (locomotor subscale), fine motor (eye and hand coordination subscale) and cognitive skils berformance subscale)
of the Griffiths Mental Development Scales were used. Neonatal status: Full term children as reference. 12-month gross motor score: AR = 0.00 for Model 2 (p = 0.743);
AR? = 0,06 for Mode! 3 (p = 0.023); AR? = 0.00 for Mock! 4 (o = 0.545). 12-month fine motor score: AR? = 0,03 for Model 2 (0 = 0.233); AR? = 0.02 for Model 3
(o =0.327); AR? =0.03 for Model 4 (p = 0.224). 12-month cognitive score: AR? = 0.01 for Model 2 (o = 0.343); AR = 0.01 for Model 3 (p = 0.486); and AR? = 0.11
for Model 4 (p = 0.005). Significant results (o < 0.05) are in bold.
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6 months
Gross motor
Fine motor
Cognitive

12 months

Gross motor Fine motor Cognitive

r P r P r P
0.727 <0.001 0.579 <0.001 0.648 <0.001
0.508 0.001 0.502 0.001 0.339 0.032
0.663 <0.001 0.543 <0.001 0.446 0.004

Number of participants = 40. Raw scores of gross motor (locomotor subscale),
fine motor (eye and hand coordination subscale), and cognitive skills (performance
subscale) of the Giriffiths Mental Development Scales were used. Significant results
(p < 0.05) are in bold.
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ELGA (n =20)

176
166
180
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125
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64-117

50-117
63-138
68-118

Mean

1142
1099
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112
1008

FT (n=20)

sD

15
124
120

17.2
1.3
134

Range

97-142
86-128
72-126

57-125
95-128
93-148

10.83
7.24
951

508
10.60
18.61

ANOVA

0.002
0.011
0.004

0.030
0.002
<0.001

3

0.022
0.016
0.200

0.118
0.218
0.329

Standardized scores of gross motor (locomotor subscale), fine motor (eye and hand coordination subscale), and cognitive skills (performance subscale) of the Grifths
Mental Development Scales were used. Significant results (p < 0.05) are in bold.
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ELGA FT

(n=20) (n=20)
GA, mean (SD), range (weeks) 257 (1.5)23.2-285 396(1.2) 38-42
BW, mean (SD), range (grams) 803 (191) 509-1093 3476 (464) 2430-4200
Male, n (%) 9(45) 1169)
First born, (%) 15(75) 1800
Mothers with a middie/iow educational level < 13 year, n (%) 12(60) 840
Mothers with a high educational level > 13 year, n (%) 8(40) 12(60)
Matemal age, mean (SD), range (years) 362 (4.8 27-44 34.6(3.1) 30-41
Cesarean section, n (%) 17(85) 2(10)
Muitiple biths, n (%) 6(30) 0o
BW < 10009, 1 (%) 16(80) Y
MV, (%) 11(65) 0w
SGA. (%) 2(10) 0
RDS, n (%) 20(100) 0w
Apnoea, n (%) 6(30) 0
BPD, n (%) 12(60) L)
IVH U, 1 (%) 16 00
HE (14 day), n (%) 17(85) 00
ROP Uil n (%) 13(65) 00
Sepsis,n (%) 6(30) 0o
Hyperbilwith phototer, n (%) 16(80) 0

GA, gestational age: BW, bintweight; MV, mechanical ventiation. Medical compications (infants ould have one or more medfcal complicaton): SGA: infants with
a birthweight <10t percentie for gestational age; RDS: respiatory distress syndrome, acute iiness coming on within 4-6 h of delvery, charactenzed ciically by
respiratory ate > 60/min, dysponea and respiatory distress; Apnoe: significant apnoea was defined as more than four episodes of apnosa/hour or mare than two
episodes of apnoea/hour if ventiation with bag and mask was required; BPD: bronchopulmonary dysplasia, need of both supplemental oxygen for 228 days and at
36 wesks of post-conceptional age; IVH U intra-ventricular hemorthage orginating within the subapendymal germinal matrx fling iess than, respectivay, 10% (| grae)
and 50% (I grade) of the ventrcuar area on parasagital view; HE: hyperecogenicity, a prolonged flare 14 days without cysticlesions, andor ventriculr dilatation and
that resolved completely without any abnormaity in is place; ROP I retinopaihy of prematurty, vasoprofferatve retinopathy that resoived without a Specifc therapy
before the presume date of bir; Sepss: presence of a positive biood cultre and/or linical and laboratoristic signs; Hyperbilwih phototer.: hyperbiliubinemia neading
phototherapy according to the critena proposed by Gomella (2009).
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Study Study VFI Setting Sample size Sessions Sessions Children age  Clinical category
design protocol (dyads) number frequency
Mahoney and Powell (1988) Trial TRIP Home 41 N.A. >Weekly 2-32 months ND
Seifer et al. (1991) Trial N.A. Hospital 40 6 Weekly 8.5 months ND
Kim and Mahoney (2005) Trial RFI Home 18 2 Weekly 3-8 years ND
Phaneuf and Mcintyre Case IVF Home 4 1-3 >Weekly 2-4 years ND
(2007) study
Phaneuf and Mcintyre Case N.A. Home 8 1-3 N.A. 2-4 years ND
(2011) study
James et al. (2013) Case VIG Home 3 3 >Weekly 9-36 months Hearing impairments*
study and ND
Glanemann et al. (2013) Trial MPP Hospital 29 8 Weekly 3-6 months Hearing impairments*
and ND
Lam-Cassettari et al. (2015) Trial N.A. Hospital 14 3 N.A. 2.5 years Hearing impairments™
and ND
Sealy and Glovinsky (2016) Trial DIR/FT Hospital 40 12 N.A. 2-6 years ND
Platje et al. (2018) Trial VIPP-V Home 40 74 >Weekly 1-5 years Visual or

visual-and-intellectual
disability

N.A., not available; ND, neurodevelopmental disability; TRIP Transactional Intervention Program; RFI, Relationship-Focused Intervention; IVF, Individualized Video
Feedback; VIG, Video Intervention Guidance; DIR/FT, Developmental Individual-difference, Relationship-based/Floortime Intervention; VIPP-V, Video feedback Intervention
to promote Positive Parenting in parents of children with visual or visual-and-intellectual disabilities; MPF, Muenster Parental Program; *, onset of hearing

impairments is prelingual.
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Study Study design N Ages tested® Motor assessment Language assessment

Alcock and cs 129 21 mlo GM and FM: BSID or ASQ items MCDI (UK)
Krawczyk (2010)

Butterworth and [T 27 85-14.5 m/o (monthly FM: Pincer grip (4 trials) mcDl

Morissette (1996) assessments)

Cameron et cse 213 35yl GM and FM: Early Screening Inventory -Revised Woodcock Johnson-
(2012) Picture Vocabulary
Choi et al. (2018) LG 69 Motor: 6-24 m/o (assessments  GM and FM: MSEL MSEL

every 6 months)
Language: 36 m/o

He et al. (2015) cs US sample: 40 US sample: 125 m/o GM: Parent reported age of crawiing or walking - MCDI (US and Mandarin)
Chinese sample: 42 Chinese sample: 13-14.5m/o0  onset
Houwen etal. (2016)  CS 130 0-3ylo GM and FM: BSID (Netherlands) BSDI (Netherlands)
Iverson and cs 16 3-5y/lo FM: CDI and Battelle Developmental Screening  PLS and measures from in
Braddock (2010) Inventory lab observation
Karasik et al. (2014) cs 50 13 m/o GM: experimenter verified crawling vs. walking  MCDI
status
Leonard et al. (2015) LG 56 Motor: 7 m/o GM and FM: MSEL VABS
Language: 14, 24, and 36 m/o
Libertus and Violi 1 29 Motor: 3-5 /o (8 weekly GM: Sitting duration McDI
(2016) assessments) FM: Grasping duration
Language: 10 and 14 m/o
Lyytinen etal. 2001) LG B 0-5y/0 GM and FM: Parent reported milestones McDI
Muluk et al. (2014) cs 347 3,4,and 5 y/o GM and FM: Denver Developmental screening ~ Denver Developmental
items (Turkey) screening items (Turkey)
Muluk et al. (2016) cs 505 6,12, 18.and 24 m/o GM: Denver Developmental screening ltems ~ Denver Developmental
(Turkey) screening items (Turkey)
Oudgenoeg-Paz [T 55 Motor: behavior onset® GM: Parent reported age of sitting or walking ~ MCDI (Netherlands)
etal. (2012) Language: 6, 12, and 18 /o onset
Oudgenoeg-Paz G 31 Motor: behavior onset® and 20 GM: Parent reported age of crawling or walking - Spatial language
etal. (2015) m/o onset and observation of exploration through
Language: 36 m/o self-locomotion
FM: Observation of object exploration
Oudgenoeg-Paz 1 59 Motor: behavior onset® GM: Parent reported age of crawiing or walking PPV (Netherlands), spatial
otal. (2016) Language: 43 m/o onset and observation of exploration through  language, and sentence
self-locomotion repetition task
Rhemtula and cs® 8950 4yio GM: Assessed jumping, balancing, skipping,  “Let’s Tell Stories” oral
Tucker-Drob (2011) walking backwards, and catching a bean bag  language task

FM: Assessed building a gate with blocks,
copying a square, triangle, and an asterisk

Suggate and cs 76 3-5 years FM: Pegboard task, bead threading, and block  PPVT (German),
Stoeger (2014) turning body-object interaction
‘words, manipulable words
Walle (2016) 1] 43 10-13.5 m/o (bi-weekly GM: Parent reported age of crawling or walking  MCDI
assessments) onset
Walle and Campos ~ LG/CS LG: 44 LG: 10-18.5 mvo (bi-weekly  GM: Parent reported age of crawiing or walking  MCDI
(2014) Cs:75 assessments) onset
Cs:125mo
Wang et al. (2014) [T} 11,999 3and5ylo GM and FM: ASQ AsQ
West et al. (2017) 1) 25 2-19 m/o (bi-weekly GM: Parent reported age of walking onset McDl
assessments)
Wolf and Wolf cs 55 4and5ylo GM and FM: Teacher report Teacher report
(1972)

CS, cross-sectional; LG, longitudinal; m/o, months old; y/o, years old; GM, gross motor; FIM, fine motor; BSID, Bayley Scales of Infant Development; ASQ, Ages and Stages Questionnaire;
MSEL, Mullen Scales of Early Leamning; CDJ, Child Development Inventory; MCDJ, MacArthur-Bates Communicative Development inventory; PLS, Preschool Language Scales; VABS,
Vineland Adeptive Behavior Scales; PPV, Peabodly Picture Vocabulary Test.

*Sample sizes reported include only typically developing chilren.

bAges reported for systematic review include only ages of interest, fullstudy included older ages.

©Results reported for systematic review are cross-sectional, ful study is longitudinal,

dExact ages not reported given variability in onset ages.
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First moment = Second moment Pearson Power
Mean (SD) Mean (SD) correlation

Orienting
1. DIS mean 1409 (239) 1558 (436) 0.55" 0.683
dwell
2. DIS latency 622 (211) 617 (212) 0.46 0.510
3.DIS 0.93 (0.14) 0.85 (0.07) 0.55% 0.683
proportion
correct
4. DIS transition 0.48 (0.15) 0.48 (0.24) 0.85* 0.998
rate
5. FACE mean 1286 (265) 1194 (195) 0.49 0.566
dwell
6. FACE 0.61 (0.11) 0.60 (0.20) —0.07 0.078
transition rate
Alerting
7. DIS total 80,067 (18,615) 86,280 (33,379) 0.49 0.566
dwell
8. FACE total 68,288 (24,343) 75,587 (33, 133) 0.53* 0.644
dwell
9. AL total dwell 47,930 (27, 199) 46, 479 (29, 309) 0.79* 0.093
10. AL latency —112 (680) 322 (601) 0.21 0.171
difference
11. DR total 89,631 (20,047) 71,191 (29,019) 0.86* 0299
dwell
Executive attention
12. DR correct 9.08 (2.78) 8.41 (3.37) 0.71* 0.945
searches
13. DR mean 5.63 (0.76) 5.26 (1.62) 0.63* 0.833
delay

DIS, disengagement task; FACE, face task; AL, alerting task; DR, delayed response

task. *p < 0.05, one tailed.
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Sibs TD (n = 29) Sibs ASD-no LD (n = 28) Sibs ASD-LD (n = 13)

Gestures M SD Range M SD Range M SD Range x2 P
Requesting/Reaching 0.26 0.43 0.00-2.00 0.09 0.23 0.00-0.80 0.21 0.57 0.00-1.98 5.68 0.06
Pointing 1.91 3.5 0.00-14.31 1.03 2.59 0.00-8.79 0.43 0.68 0.00-1.60 9.91 0.01
Showing 0.04 0.12 0.00-0.40 0.6 0.14 0.00-0.40 0.00 0.00 0.00-0.00 1.94 0.38
Giving 0.59 0.69 0.00-2.00 0.70 1.19 0.00-4.00 0.88 1.97 0.00-6.40 1.20 0.55
Conventional 0.26 0.46 0.00-1.60 0.16 0.49 0.00-2.40 0.06 0.15 0.00-0.40 2.60 0.27
Representational 0.00 0.00 0.00-0.00 0.00 0.00 0.00-0.00 0.00 0.00 0.00-0.00 0.00 1
Total gestures 3.07 3.69 0.00-17.10 2.03 3.03 0.00-10.80 1.59 2.18 0.00-6.80 5.90 0.05
CDI-WS

Word production* 107.58 97.62 11-354 90.96 92.67 3-347 17.08 11.41 2-33 21.12 <0.001

Significant results are in bold (p < 0.05). *Data for 5 Sibs-TD and 1 Sibs ASD-no LD infants were missing.
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Low scores Normal scores

n Mean SD n Mean SD F p Partial

n
Mother-reported attention
Orienting 8 463 058 83 4.73 0.56 0.21 0.65 0.002
Alerting 11 436 0.80 80 4.50 0.71 0.38 0.54 0.004

Executive attention 12 5.01 0.50 79 4.97 0.64 0.04 0.85 0.000
Cognitive functioning

Orienting 10 95.10 6.10 83 104.67 11.09 7.15 0.01 0.07
Alerting 13 97.77 7.13 80 104.60 11.31 4.43 0.04 0.05
Executive attention 12 101.17 8.84 81 104.01 11.34 0.69 0.41 0.01

One-way analysis of variance was used; of the 25 children with low scores on at
least one of the three attention systems of the UTATE, 16 (i.e., 64%) had a low
score on one, 7 (i.e., 28%) on two, and 2 (i.e., 8%) on all three attention systems.
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FT (n = 20)

ELGA-no LD (n = 11)

ELGA-LD (n = 9)

Gestures M SD Range M SD Range M SD Range X P
Requesting/Reaching 0.58 0.68 0.00-2.92 0.81 0.50 0.00-1.51 0.84 1.04 0.00-3.12 2.63 0.27
Pointing 3.37 2.99 0.00-9.62 3.79 3.96 0.00-12.33 0.77 0.84 0.00-2.16 8.05 0.018
Showing 2.11 2.05 0.00-6.40 2.50 3.20 0.00-11.80 2.09 1.37 0.61-4.67 0.23 0.89
Giving 1.68 1.70 0.00-6.84 2.36 2.36 0.00-7.20 3.18 4.64 0.00-12.00 0.34 0.84
Conventional 0.96 0.99 0.00-4.00 0.71 1.12 0.00-3.67 0.22 0.34 0.00-0.86 5.57 0.06
Representational 0.15 0.33 0.00-1.31 0.09 0.21 0.00-0.61 0.00 0.00 0.00-0.00 255 0.28
Total gestures 8.84 4.08 2.96-16.41 10.27 6.88 4.40-28.42 7.09 4.82 2.75-16.67 2.05 0.36
CDI-WS

Word production 34.55 28.26 5-108 61.27 38.87 8-109 6.89 4.51 1-16 16.32 <0.001

Significant results are in bold (p < 0.05).
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Orienting
Alerting
Executive attention

12 months
(n=14)

Mean (SD)

—0.28(0.87)
—0.28(0.87)
—0.25(1.00)

18 months 24 months
(n =95) (n=15)
Mean (SD) Mean (SD)

0.07(0.85) —0.20(0.72)
0.05(0.87) —0.07(0.80)
—0.01(1.10) 0.30(0.76)
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ADHD ASD Co-occurrence p-values

ADHD-ASD

Anxious/Depressed 66.9 (8.1) 56.3(8.9) 59.8 (7.5) <0.000
Withdrawn/Depressed  65.1 (9.8)  61.7 (8.3) 63.1 (10.4) 0.416
Somatic Complaints 58.8 6.3) 55.1(7.9) 56.5 (7.1) 0.151
Social Problems 69.5(9.8) 60.3 (5.9 64.7 (7.9) <0.000
Thought Problems 68.6 (8.1) 59.1(7.9) 66.3 (7.7) <0.000
Attention Problems 74.5 (6) 61.2 (10.11) 68.3 (8.4) <0.000
Rule-Breaking Behavior 68 (8.1)  54.5 (4.8) 56 (11.6) <0.000
Aggressive Behavior 759 (10.7) 5882 59.1 (6.7) <0.000
Internalizing Problems  65.6 (7.3)  56.4 (10.2) 60.1 (9.3) 0.002
Externalizing Problems  71.8 (8) 51.2(7.7) 59.1 (6.6) <0.000
Total Problems 72.7 (6.2) 56.5(7.9) 63.9 (7.4) <0.000
Affective problems 704 6.9 57.7(9.4) 61.8 (7.5) <0.000
Anxiety Problems 68.6 (7.1)  59.8 (8.2) 64.6 (7.6) <0.000
Somatic problems 56.1 (6.4) 54.2(7.9) 55 (6.9) 0.607
ADHD Problems 724 (6.1) 575(7) 64.5 (6.6) <0.000
Oppositional/Defiant 69.2 (7.5) 53.8(4.9) 57 (1.1) <0.000
Problems

Conduct Problems 69.4 (9.1) 53.1 (4.1) 58.3 (6.5) <0.000

The comparison of the ADHD, ASD and co-occurrence ADHD-ASD samples
applying a MANOVA with group as the between-subject factor, revealed significant
group differences for almost all scores of the considered CBCL scales. Results are
summarized in Table 2.
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Outcome
measure

Task

Description

Orienting system
Mean dwell time

Transition rate

Proportion of
correct refixations

Latency

Alerting system
Total dwell time

Latency
difference

DIS, FACE,

DIS, FACE

DIS

DIS

DIS, FACE,
AL, DR

AL

Executive attention system

Correct searches

Mean delay

DR

DR

Average length of the dwells. A dwell is
the length of “one visit in an area of
interest [AQI], from entry to exit”
(Holmaqvist et al., 2011)

The number of transitions (i.e.,
“movement from one AQI to another,”
Holmavist et al., 2011) divided by the
total dwell time

A correct refixation indicates that the
participant refixated from the central
stimulus to the new stimulus after the
new stimulus is presented. The
proportion of correct refixations is the
number of correct refixations divided by
the total number of trials in which the
child looked at the central stimulus
when the new stimulus appeared

The average time between appearance
of the new stimulus and fixation on the
new stimulus in trials in which the
participant correctly refixated

Sum of the length of all dwells. A dwell
is the length of “one visit in an area of
interest [AQI], from entry to exit”
(Holmaqvist et al., 2011)

Difference between latencies in the
trials in which a signal preceded the
appearance of the stimulus (i.e., signal
trials) and the trials in which the
stimulus appeared without signal
(no-signal trials)

The number of trials in which the child
looked at the correct dog house directly
in response to the voice over asking
where to find the dog

The mean delay between hiding and
the instruction to seek the dog in the
trials in which the child correctly
searched for the dog

DIS, disengagement task; FACE, face task; AL, alerting task; DR, delayed response

task.
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ADHD ASD Co- p-values
(n =26) (n =30) occurrence

ADHD-ASD
(n = 26)

Age (mean and SD) 9.6 (3) 9.1(2.6) 9.5(3.1) 0.800
Sex (M/F) 19/7 24/6 22/4 0.586
1Q or DQ (mean 91.5(19.5) 82.3(20.6) 82.8 (22.1) 0.194
and SD)
ADOS-2 (mean and - 6.8 (0.9 6.2(1.5) 0.088
SD)
CPRS - ADHD 84 (6.4) - 73.6(11.9 0.0003
scale (mean and
SD)

ADHD, attention deficit/hyperactivity disorder; ASD, autism spectrum disorder; co-
occurrence ADHD-ASD; DQ, developmental quotient; IQ, intelligence quotient;
ADOS-2, Autism Diagnostic Observation Schedule-2 Comparative Score; CPRS,
Conners’ Parent Rating Scales-ADHD scale. ANOVAs indicated that the cohorts
had similar population characteristics regarding age at evaluation, sex, and IQ
(p > 0.05). ASD and co-occurrence ADHD-ASD groups did not significantly differ
on ADOS-2 comparative scores (p > 0.05). ADHD scale of CPRS was used
to compare ADHD severity in ADHD and co-occurrence ADHD-ASD groups: a
statistically significant difference emerged (p < 0.001).
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Group C (n=169)

School (n) Primary
Males 43
Females 18
Setting (n)
School 43
Hospital 18
Age (Mean + SD) 9.69 (£0.940)
CPM Raven’s IQ 109.25 (£13.5)
Reading Tests (Mean =+ SD)
W-R time —0.23 (+£0.930)
W-R errors 0.02 (£0.67)
NW-R time —0.14 (£0.96)
NW-R errors —0.16 (£0.77)

DD (n = 65)
Secondary Primary Secondary
47 13 24
61 6 22
97 9 35
11 10 11
12.01 (£0.86) 9.47 (£0.91) 12.15 (£0.87)
108.56 (£11.01) 104.63 (£10.16) 106.22 (£10.68)
0.11 (£0.75) 2.50 (+£2.33) 1.77 (£1.24)
0.10 (£0.64) 1.80 (£1.49) 2.32 (£2.22)
—0.20 (+0.97) 1.33 (£1.70) 1.35 (+£0.93)
—0.16 (+0.92) 0.85 (+1.19) 1.74 (£1.90)

Means and standard deviations (SD) of Age, General intelligence (CPM Raven'’s 1Q) and Reading tests parameters (Z scores) are reported. W-R time: time in word reading;
W-R errors: errors in word reading; NW-R time: time in non-word reading; NW-R errors: errors in non-word reading.
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GA Groups Range Total <32 weeks 32-33 weeks 34-36 weeks >36 weeks
N (%) 142 34 (23.9) 33 (23.2) 41 (28.9) 34 (23.9)
Mean gestational age (SD) 26 42 29.62 (1.46) 32.58 (0.50) 34.81 (0.72) 39.68 (1.52)

Min. Max. M (SD) M (SD) M (SD) M (SD) M (SD) F np?
Executive functions
Working memory 13 65 29.45 (9.29) 30.53 (10.60) 27.00 (8.21) 29.90 (10.25) 30.12 (7.43) 0.986 0.02
Inhibitory control 11 55 32.79 (7.37) 31.38 (8.65) 30.31 (7.32) 34.83 (6.48) 34.09 (6.31) 3.152*  0.07
RAN 0 34 3.29 (4.50) 4.06 (6.28) 3.19 (4.05) 3.75 (4.53) 2.09 (2.09) 1.250 0.03
Language abilities
Morphosyntactic production 0 65 41.54 (12.18) 4219 (12.81) 41.55 (11.29) 39.38 (14.81) 43.59 (81.75)  0.751 0.02
Syntactic structure comprehension 0 72 48.73 (10.09) 51.08 (9.31) 47.13 (9.16) 45.49 (12.12) 52.06 (7.33) 3.623*  0.08
Vocabulary comprehension 21 108 58.94 (11.74) 58.59 (10.99) 57.00 (12.12) 58.27 (11.24) 62.00 (12.59)  1.096 0.02
Phonological awareness
Syllabic awareness 0 28 19.88 (5.02) 16.63 (5.43) 20.06 (4.65) 19.49 (5.97) 20.42 (3.71) 0.246 0.01
Phonemic awareness 0 27 20.43 (5.15) 20.84 (6.09) 20.45 (4.86) 19.74 (5.57) 20.82 (3.92) 0.357 0.01
Reading abilities
Text comprehension 11 16 14.44 (1.14) 14.39 (1.20) 14.57 (1.20) 14.46 (1.07) 14.32 (1.20) 0.178 0.01
Letter names 66.67 250 160.81 (34.95) 160.81 (27.49) 156.54 (40.32) 158.83 (38.43) 168.48 (30.18) 0.457 0.02
Word reading 42,22 190.5 91.23 (29.41) 95.09 (38.23) 89.66 (19.90) 90.24 (31.61) 90.95 (28.30) 0.132 0.01
Pseudoword reading 28.57 102.7 59.14 (16.12) 61.37 (18.81) 56.23 (13.18) 58.16 (16.36) 61.99 (16.78)  0.589 0.06

* < 0.05.
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Sibs ASD (n = 41) Sibs TD (n = 29) ELGA (n = 20) FT (n = 20)

Infant gender Female, n (%) 23 (56) 16 (55) 11 (65) 8 (40)
Maternal education level Middle-Middle/High-school n (%) 11 (27) 4 (14) 12 (60) 9 (45)
High-College/Higher degree n (%) 30 (73) 25 (86) 8 (40) 11 (65

Maternal Age Mean (SD) range 33.9 (4.5) 23-45 31.9 (4.6) 24-42 36.2 (4.8) 27-44 34.8 (3.0) 30-41
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Variable selected B SE F P-value

Intercept 6.880 1.817 14.34 <0.001
Sex 2.002 0.683 8.58 0.0036
Neuroticism score (EPQ) 0.977 0.099 97.68 <0.001
Emotional abuse (CTQ) 0.296 0.122 5.85 0.0162
Active coping (SCSQ) —0.195 0.058 11.16 <0.001
Use of social support (SSRS) -0.379 0.191 3.95 0.0477
R% = 0.4752 <0.001

B, partial regression coefficient; SE, standard error. Dependent factor, PHQ-9
summary score. Twenty independent factors: age, sex (female = 1, male = 0),
employment status (unemployed = 1, employed = 0), marital status (married = 1,
unmarried = 0), living-alone (yes = 1, no = 0), presence of offspring (yes = 1,
no = 0), comorbidity of physical disease (yes = 1, no = 0), first-degree relative
with psychiatric disease (yes = 1, no = 0), first-degree relative with psychiatric
disease (yes = 1, no = 0), SA, PA, EA, EN, PN of CTQ, EPQ neuroticism score,
objective support, subjective support, the use of social support of SSRS, active
coping, passive coping of SCSQ. CTQ, The Childhood Trauma Questionnaire; EPQ,
Eysenck Personality Questionnaire; SSRS, the Social Support Rating Scale; SCSQ,
Simplified Coping Style Questionnaire; PhQ-9, Patient Health Questionnaire-9.
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Zero-order correlations

2 3 4 5 6 7 8 9 10 1

1. Age (in months) —0.02 —0.06 —0.03 —0.12 —0.06 0.06 —0.13 —0.07 0.04 —0.13

2.ST™M - —0.07 —0.12 0.00 0.05 0.03 0.11 0.1 0.05 0.09

3. WM - — 0.52"** 0.60"** 0.58"** 0.76™* 0.61*** 0.60"* 0.30* 0.68*
4. Inhibitory control - - - 0.63** 0.44*** 0.51** 0.49"* 0.57** 0.68"* 0.47*
5. Forward counting (1-10) = = = ~ 0.42* 0.66™* 0.39** 0.91** 0.41* 0.57***
6. Forward counting (11-50) = = = ~ = 0.55"* 0.76™* 0.51*** 0.44* 0.60"*
7. Backward counting (10-1) = - = = = & 0.56"* 0.68"* 0.52** 0.65*
8. Backward counting (50-11) - - - - - - - 0.44** 0.50"* 0.72**
9. Digit-quantity mapping - - - - - - - - 0.43" 0.60™*
10. Digit naming (1-10) = - - s = = s = = 0.7

11. Digit naming (11-16) = = s - - - = - ~ _
*p < 0.05, “p <0.01, *p < 0.001.
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ST™M

Inhibitory control

Forward counting (1-10)

Forward counting (11-50)

Backward counting (10-1)

Backward counting (50-11)

Digit-quantity mapping

Digit naming (1-10)

Digit naming (11-16)

F

F(2,147)=2.42,p =0.09

F(2,147)=3.14, p = 0.046

F(2,147) = 46.16, p < 0.001

F(2,147)=9.73, p < 0.001

F(2,147) =74.98, p < 0.001

F(2,147)=12.97, p < 0.001

F(2,147) = 5.39, p = 0.006

F(2,147) = 44.81, p < 0.001

F(2,147) = 64.20, p < 0.001

F(2,147) = 42.49, p < 0.001

Effect sizes

0.03

0.12

0.37

YG
SRG
YG
YG
SRG
YG
YG
SRG
YG
YG
SRG
YG
YG
SRG
YG
YG
SRG
YG
YG
SRG
YG
YG
SRG
YG
YG
SRG
YG
YG
SRG
YG

Groups

IG
SRG

M gigs

0.40
0.45
0.05
—0.095
—0.053
—0.042
—3.57
—3.55
0.02
—1.71
—1.11
0.60
—21.51
—-18.19
—3.31
—3.57
—3.70
0.13
—3.76
—3.65
—0.11
—3.54
-2.70
0.84
—4.65
—3.53
—1.12
—2.42
—2.33
—0.09

P

0.24
0.15

1
0.04
0.50
0.89
<0.001
<0.001

1
<0.001
0.02
0.43
<0.001
<0.001
0.29
<0.001
<0.001

1
0.02
0.02

1
<0.001
<0.001
0.12
<0.001
<0.001
0.04
<0.001
<0.001

1

d

0.33
0.41
0.05
0.48
0.26
0.25
1.60
1.57
0.01
0.83
0.76
0.24
2.19
1.71
0.42
0.81
0.86
0.03
0.49
0.47
0.12
1.74
1.37
0.42
2.19
1.59
0.50
1.40
1.34
0.13

The MANOVA results revealed a significant main effect for group factor [Wilks’ Lambda = 0.31, F(20,276) = 11.19, p = < 0.001, ;75 = 0.45], since the three groups (Syrian
refugees Group-SRG, Yazidi Group-YG, and Italian Group-IG) significantly differed from each other. To compare differences between groups, 77;2) was used as a measure
of effect size. Cohen’s (1988) criteria were used to classify the effect sizes: small effect: ;75 = 0.01; medium effect: ;75 = 0.06; and large effect: ;7,2) =0.74. Cohen’s d for

post hoc pairwise comparisons were used as a measure of effect size: small effect d = 0.20; medium effect d = 0.50; large effect d = 0.80.
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We ask you to think about your child’s behavior. How many times does your child do the following activities at home? Rate your responses on the scale detailed below,
from 1 (never) to 5 (everyday).*

Never Sometimes Often Very Often Every day
1 Count objects 1 2 3 4 5
2 Read or write numbers 1 2 3 4 5
3 Use games (even on Tablet or PC) that use numbers 1 2 3 4 5
4 Use games that use dice 1 2 3 4 5
5 Repeat songs that contain numbers 1 2 3 4 5
6 Do activities that require the ordering of size or length of objects 1 2 3 4 5
7 Do simple calculations (2 + 1 = 3) in games or during other daily activities 1 2 3 4 5





OPS/images/fpsyg-11-505065/fpsyg-11-505065-t003.jpg
Non-standardized coefficients

Standardized coefficient

Step B SEB [}

10 (R2 = 0.204) Home numeracy 0.234 0.064 0.429*
Composite ANS (Parents) —-0.171 0.149 —-0.137
Composite Numeracy Score (Parents) 0.147 0.087 0.204

20 (AR? = 0.076, p = 0.055) Home numeracy 0.193 0.065 0.355"*
Composite ANS (Parents) —0.170 0.146 —0.136
Composite Numeracy Score (Parents) 0.102 0.087 0.142
Composite Cognitive Score (Children) 0.252 0.111 0.275*
Composite Language Score (Children) 0.026 0.091 0.035

30 (AR? = 0.119, p = 0.006) Home numeracy 0.136 0.063 0.250*
Composite ANS (Parents) —-0.102 0.138 —0.082
Composite Numeracy Score (Parents) 0.066 0.081 0.092
Composite Cognitive Score (Children) 0.143 0.109 0.156
Composite Language Score (Children) —-0.017 0.093 —0.023
Children’s magnitude comparison (accuracy) 2.181 0.672 0.399*
Children’s magnitude comparison (RT) —-0.014 0.065 —0.027

*p < 0.01; *p < 0.05. ANS, approximate number system; RT, reaction times.
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Birth weight Birth weight x Time of assessment

FTIN=81 ELBWN=25 VLBWN = 41 FTN=81 F
3 T T ke T T w T T Birth Birth
weight  weight x Time of
assossmnt
Locomotor 9901+ 10303+ 10645% 10016 9337+  0449% 11861+ 9663% 0385k  11550% 10180% 10185k 2016 2054
Quotents)  1624; 1644 1635 187 1801 1867, 1312 1460, M2 1448 1583
50132 50-150  50-130 8312 56-118 50121 0-1800  72-122 69120 90130  53-130 50133
Posonaland 95174 9435+ 10124+ 10307+ 9080+ 9164+ 10035+ 8928+ 0414 10858+ 9634% 9878+ 2892 0283
Socal 1515 1824 1195 1758 1212 109% 1874 170 95t 133% 1007
Quoiont®) 62130 59139 50-130  74-125 62139 64118  O-136  67-128  7-122 86125  59-125  72-130
Hoangand 10596+ 10600+ 10691+ 10467 TIL4E & 10174°% 10646+ 10081% 10443 10634+ 10640k 10791 0007 5062
Lingwage  1020:87- 1051 1067 1113 73 1080 1096 786 1113 1034 035; 1226;
QufentC) 135 77180 77150 87135 95126 8120 92135 99126 85132 77135 85135 85150
Ejehand 10301+ 10037+ 10750+ 113314 10000+ 9570+ 1114+ 100844 9B14% 11002+ 10489+ 10728 1285 2380
145t 1442 1207 1341 1075 1135 1610; 1851 1288 138%
65149 65143 65149 70118 70122 91-149 704120 68138 65142 67143 66-138
Porormance 100340 10258+ 1131P% 10231°% 9021+  0949% 114369 95209% 0Bk 120519 10874k 100709% 6413 365"
QuotentE) 1200 1477 1614 1330 1164 118% 976 1812 1272 1088 1682 1461

76127 G210  67-150 76125  86-127 80122 90125 62121 72127 97189  67-150  84-150

Vales are mean < SD; range * < 0.05 % < 0.005 for post ho test (T > VLEW and ELBW) ®p < 0.005 for post ho test (ELBW/ < VLW and FT)p < 0.05 for post hoc est (VLW < FT) % < 0,05 for post hoo test
(T: > T>and T5) ®p < 0.0001 for post ho test (T > at Ts).
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Maternal variables.
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Mean (SD) n years)
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Not
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Infant variables.
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Mean (SD) i grams)
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Small gestational age, n (%)
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Not
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SAFA scale% (n) Primary school

C DD
Anxiety 4.9% (3) 5.3% (1)
Depression 0% (0) 0% (0)
Somatic 0% (0) 0% (0)

Secondary school

(¢

2.8%(3)
3.7% (4)
3.7% (4)

DD

23.9% (11)
15.2% (7)
2.2% (1)

Total

[¢]

3.6% (6)
2.4% (4)
2.4% (4)

DD

18.5% (12)
10.8% (7)
1.5% (1)

Significant differences obtained in Fisher Exact Test are presented in bold.
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Group (] DD

Mean (SD) Mean (SD)

PM Raven’S 1Q 107.45 (11.42) 104.44 (12.53)
Time in word reading 0.10 (0.85) 3.73 (4.53)
Errors in word reading —0.20 (0.80) 4.51 (4.04)
Time in non-word reading —0.41 (0.86) 1.83 (2.78)
Errors non-word reading —0.62 (0.54) 1.07 (1.68)
Comprehenshion Test 4.93 (2.00) 4.78 (2.16)

Mean and standard deviation (SD) are represented in Control (C) and
Developmental Dyslexia (DD) group.
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Dyslexia Dyslexia Dyslexia Dyslexia Dyslexia Dyslexia Dyslexia Dyslexia Dyslexia Dyslexia Dyslexia Dyslexia Dyslexia
byDM1 byDM2 byDM3 byDM4 byQL1 byQL2 byQL3 byQL4 byQL5 byQL6 byQL7 byGl

Anxiety/Depression  0.12 0.88 1.46 2.98 9.17* 0.81 0.96 4.83 2.93 0.33 1.54 0.90 1.48
Depression/Withdrow 0.67 1.40 0.70 2.01 13.60 3.75 3.69 8.94™* 1.24 3.01 4.30 3.17 2.09
Somatic symptoms  0.50 0.85 2.05 1.28 1401 219 0.98 3.27 2.30 3.42 5.97* 1.63 2.05
Competence 0.01 0.91 0.39 5.73* 0.19 6.39" 4.62 6.00* 1.06 0.32 1.33 2.03 4.89

DM1: Decision making 1 — Avoidance; DMZ2: Decision making 2 — Procrastination; DM3: Decision making 3 — Vigilance; DM4: Decision making 4 — Hypervigilance. QL1:
Quality of life 1 — General satisfaction; QL2: Quality of life 2 — Autonomy; QL3: Quality of life 3 — Relationship with peers; QL4: Quality of life 4 — Current satisfaction; QL5:
Quality of life 5 — Satisfaction for family relationships; QL6: Quality of life 6 — Perceived recognition of self-efficacy; QL7: Quality of life 7 — Perceived social support; Gl:
General Intelligence. *p < 0.05. “p < 0.01.
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School grade Setting
Primary Secondary Screening Clinical
Mean (SE) F Mean (SE) F Mean (SE) F

Anxiety
C 52.1(1.1) 52.7(1.4) 51.5(1.6) 48.3(0.9) 55.9(2.0)
DD 56.5(1.5); E=5.7* 52.6(2.3) 60.3(1.8); F=6.0" 54.3(0.9) 58.7(2.3); F=0.75
Overall 54.3(0.9) 52.6(1.4) 55.9(1.2) F =341 51.3(1.1) 57.3(1.5); F=10:5*
Depression
C 50.2(1.0) 48.1(1.3) 52.2(1.5) 46.2(0.9) 54.2(1.8)
DD 54.0(1.4) F=6i1* 50.3(2.2) 57.7(1.6); F=09 53.7(1.8) 54.3(2.1); F=47"
Overall 52.1(0.8) 49.2(1.3) 55.0(1.1); F=11.5" 49.9(1.0) 54.2(1.4); F =64
Somatic
C 50.9(0.9) 49.7(1.2) 52.2(1.3) 47.5(0.8) 54.4(1.6)
DD 52.9(1.2); F=17 50.0(1.9) 55.7(1.4); F=12 53.1(1.6) 52.6(1.8); F=6.3"
Overall 51.9(0.7) 49.8(1.1) 54.0(1.0); F=75" 50.3(0.9) 53.5(1.2); F=48"

"o <0.05. *p < 0.01.
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Skill in prone  Sleep prone  Awake prone

Time activity mat 0.03 0.11 0.7
Time baby carrier 0.07 0.14* 0.16™*
Time playpen —-0.11 —-0.15* —0.15*
Baby swimming -0.10 —0.08 —0.19*
Playing on the floor surface —0.038 0.05 0.22%*
Using a method —0.03 —0.09 —-0.13*
Cross and stretch limbs 0.11 0.08 0.10
Using sleeping bag —-0.15* —0.30"* -0.30"
Prone position 0.32"* 0.27* 0.44*
Supported sitting —0.20" —0.35"** —0.34***
Supported standing 0.00 —-0.13* —o.10f
Beliefs:

Stimulate 0.08 0.10 0.25"**
Natural development —-0.02 0.02 —0.03
Seeking advice 0.07 0.06 015"
Order 0.23** 0.18 0.31***
Own pace -0.13* —0.23** —0.28***

0 < 0.05; **p < 0.01; **'p < 0.001.
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Age 1-2.5 Age 2.5-5.5 Age 5.5-8

NL IL X2 (df) @ NL IL X2 (df) @ NL IL X2 (df) @

Activities to promote motor development 78% 90% 1.61(1) 0.16 91% 88% 0.60(1) 0.05 93% 81% 2.00(1) 0.17
Use of method 12.5% 32% 3.40(1) 0.24 12% 45% 30.27(1)** 0.37 3.5% 50% 16.83(1)** 0.51
Baby massage 44%% 60% 1.64(1) 0.16 55% 64% 1.69(1) 0.09 62% 51.5% 0.76(1) 0.11
Crossing and stretching the limbs 19% 46.5% 5.52(1) 0.30 42.5% 60.5% 7.09(1) 0.18 14% 43% 6.68(1) 0.32
Baby yoga — — NA NA - 6% NA NA - - NA NA
Place in prone position? 48.28(3)** 0.88 14% 90.5% 125.7(3) 0.76 38% 89% 35.51(3)** 0.70
Often 3% 90% 14% 89.5% 38% 89%
Sometimes 9% 0% 21.5% 1% 41.5% 0%
Seldom 48.5% 6.5% 42.5% 4.5% 20.5% 0%
Never 39.5% 3.5% 22% 4.5% 0% 11%
Place in sit position 69% 0% 31.97(1)** 0.72 85% 15% 107.48(1)** 0.70 97% 27% 32.17(1)y** 0.70
Place in stand position 22% 3.5% 4,74(1)~ 0.28 34.5% 6.5% 24.65(1)** 0.33 58.5% 19% 11.07(1) 0.41
Baby swimming 12.5% 16,7% 0.22(1) 0.06 28% 5.5% 18.26(1) 0.29 48.5% 11% 11.83(1) 0.42
Baby massage class 18% 6.5% 1.88(1) 017 30.5% 27.5% 0.22(1) 0.03 22% 43% 3.53(1) 0.23

usic and movement class — — NA NA 4% 8.5% NA NA 3% 21.5% NA NA
Baby gym class - 3% NA NA 3% 8.5% NA NA - - NA NA
Baby yoga class 3% - NA NA — 6.5% NA NA — 5.5% NA NA
Developmental course 3% — NA NA o 17% NA NA — 5.5% NA NA

Age 1-2.5 months N NL = 32, IL = 30; Age 2.5-5.5 months N NL = 127 (for classes N = 130), IL = 93; Age 5.5-8 months N NL = 29 (for classes N = 32), IL = 37, @Parents were asked: “When awake, does your baby
stay on his belly directly on the floor surface or on a blanket or a mattress?” *p < 0.083; *p < 0.01; **p < 0.001. The p-values were evaluated against an adjusted criterium calculated using the false discovery rate
control to correct for multiple comparisons.
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Position when awake: Never Seldom Sometimes Often Never Seldom Sometimes Often X2 (df) @

Age 1-2.5 months

Supine 0% 3% 3% 94% 0% 0% 13.5% 86.5% 3.10(2) 0.22
Prone 15% 18% 48.5% 18% 0% 27.5% 0% 72.5% 29.48(3)" 0.69
Supported sitting 33.5% 12% 33.5% 21% 85.5% 0% 0% 14.5% 20.37(3)"* 0.58
Supported standing 82% 12% 3% 3% 96.5% 0% 0% 3.5% 4.62(3) 0.28
Held in arms or carrier 6% 0% 21% 72.5% 3.5% 0% 0% 96.5% 7.41(2)" 0.35
Age 2.5-5.5 months
Supine 1.5% 1.5% 9.5% 87.5% 0% 2% 11.5% 86% 1.85(3) D.og
Prone 13.5% 21.5% 46.5% 19% 0% 3% 1% 95.5%  127.45(3)*** 0.76
Supported sitting 10% 15% 32.5% 42.5% 42.5% 27.5% 0% 30% 60.51(3)** 0.52
Supported standing 68.5% 10% 16.5% 4.5% 86% 6.5% 0% 7.5% 19.38(3)™ 0.30
Held in arms or carrier 7% 5.5% 27.5% 60% 2% 13% 1% 84% 33.77(3)™ 0.39
Age 5.5-8 months
Supine 0% 10.5% 31% 58.5% 2.5% 13.5% 13.5% 70.5% 3.61(3) 0.23
Prone 7% 3.5% 41.5% 48.5% 0% 3% 0% 97% 22.51(3)"™ 0.59
Supported sitting 7% 3.5% 45% 45% 19.5% 30.5% 3% 47% 21.43(3)"** 0.57
Supported standing 41.5% 7% 34.5% 17% 75.5% 11% 0% 13.5% 16.34(3) 0.50
Held in arms or carrier 0% 7% 55% 38% 0% 13.5% 0% 86.5% 26.97(2)* 0.64
Age 1-2.5 months Age 2.5-5.5 months Age 5.5-8 months
Sleep position?: NL IL NL IL NL IL
Supine 93% 39.5% 92.5% 55.6% 92.5% 30.5%
Prone 3.5% 46.5% 2.5% 33% 7.5% 44.5%
Side 0% 3.5% 3% 8.5% 0% 19.5%
Supine and prone 0% 10.5% 0% 1% 0% 0%
Side and prone 0% 0% 0% 1% 0% 3%
Side and supine 3.5% 0% 1% 0% 0% 0%
No preference 0% 0% 1% 1% 0% 3%
X2 (clfy 22.01(4)** 47.94(6)* 25.55(4)**
¢ 0.62 0.47 0.62

@Parents reported about a single position as their child’s preferred sleep position. Age 1-2.5 months N NL = 33, IL = 30 (for sleep position N NL = 29, IL = 28); Age
2.5-5.5 months N NL = 127 (for sleep position N = 124), IL = 94; Age 5.5-8 months N NL = 29, IL = 37 (for sleep position N NL = 27, IL = 36)."p < 0.033; *p < 0.01;
o < 0.001.The p-values were evaluated against an adjusted criterium calculated using the false discovery rate control to correct for multiple comparisons.
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Syrian Refugees group (n = 47)

Yazidi group (n = 48)

Italian group (n = 55)

M SD M SD M SD
ST™M 5.45 0.97 5.40 1.20 5.00 1.20
WM 1.96 1.76 1.54 1.60 2.49 2.30
Inhibitory control 10.13 2.04 10.10 2.00 13.67 2.44
Forward counting (1-10) 8.89 2.06 8.29 2.90 9.98 0.14
Forward counting (11-50) 6.04 8.95 2.73 6.84 24.24 12.06
Backward counting (10-1) 1.70 3.59 1.83 3.86 5.40 4.93
Backward counting (50-11) 0.28 1.02 0.17 0.72 3.93 10.94
Digit-quantity mapping 4.47 1.82 3.63 2.04 7.16 2.01
Digit naming (1-10) 5.62 2.32 4.50 2.13 9.15 2.11
Digit naming (11-16) 0.21 0.69 0.13 0.53 2.55 2.38
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Zero-order correlations

1 2 3 4 5 6 7 8 9 10 1
1. Age (in months) . 0.42** 0.38* 0.31* 0.44* 0.03 0.21 —0.05 0.38* 0.33* 0.18
2.ST™ 0.39* - 0.56**  0.36% 0.16 0.31* 0.38* 0.27 0.29* 0.32* 0.16
3. WM 0.31* 0.01 - 076" 058%™ 067 071 044" 0.74"% 0727 047
4. Inhibitory control 0.24 0.12 0.86"* - 059  0.64™ 076" 049 076" 078 046"
5. Forward counting (1-10) 0.33* 0.19 0.60™*  0.46™ - 0.24 0.29* 0.14 060 057"  0.14
6. Forward counting (11-50) 0.20 ~0.10 0.90**  088™ 037" - 062  077** 066 061 068"
7. Backward counting (10-1) 0.07 —0.14 0.84* 075" 026 0.89*** = 0.50** 070" 070" 051"
8. Backward counting (50-11)  —0.17 ~0.15 048~ 037" 0.15 0.58*  0.64"* = 046 050"  0.44*
9. Digit-quantity mapping 0.24 0.10 079" 077" 0.42* 078 077" 026 - 093 067
10. Digit naming (1-10) 0.12 0.01 073" 072" 0.42* 075 071%™ 033 0.91 = 0.62+**
11. Digit naming (11-16) 0.34* 0.21 0.55** 051 017 0.50** 051"  0.10 0.70**  0.60"** -

*p <0.05, *p < 0.01, **p < 0.001. Yazidis’ results are reported in the upper right part of the table, while Syrian refugees’ results are shown in the lower left part of the table.
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Predictors X2

Group 0.49
SOA 106.41
Block 5.41
Group x SOA 5.98
Group x Block 6.03

N NN =

2

p-value

0.48
<0.0001
0.07
0.05
0.04

Main results of GLMM on mean accuracy. Statistics refer to Wald chi-square test,
with degrees of freedom calculated according to Satterthwaite approximation.
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Predictors X2

Group 1.44
SOA 46.32
Block 3.63
Group x SOA 0.09
Group x Block 9.18

N NN =

p-value

0.23
<0.0001
0.16
0.95
0.01

Main results of GLMM on mean reaction tie s (RTs). Statistics refer to
Wald chi-square test, with degrees of freedom calculated according to

Satterthwaite approximation.
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SBs SBw SBL Us Un u LBg LBy LB,

DS 844(241) 723(193) 765(318) 846(292) 742(275) 739(247) 847(307) 792(10) 703(225)
TO-MA 714(157) 658(176) 647(193) 853(189) 716(191) 656(155) 787(269) 726(192) 691(157)

Mean and standard deviation (in parentheses) measures of reaction times for participants with Down Syndrome (DS) and typically developing participant matched by
mental age (TD-MA) for each experimental condition. Specifically, the leftward columns report data for the short-biased (SB) blocks relatively o the short, medium and
ong SOA (SBs, SBy and SBy, respectively). The central columns report data for the unilorm (U) blocks refatively (o the short, medium and long SOA (Us, Uy, and Uy,
respectively). The rightward columns report data for the long-biased (LB) blocks relatively to the short, medium and long SOA (LBs, LBy and LB, respectively).
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Age (Years) Mental Age Gender
Group Mean + SD (range) Mean +SD (range) Female Male n
DS 29.5 + 13 (10-54) 5.57 + 1 (3.5-8.5) 14 14 28
TD-MA 56+ 1(4-9 5.81 + 1(3.5-8.5) 14 14 28

SD, standard deviation.
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SBs SBu SBL Us Un U LBs LBy LB,

bs 94.38) 89.8(13) 91.1(8) 94.4(8) 90.3(13) 86.1(19) 94.6(12) 92.5(10) 88.6(14)
TO-MA 96.7(4) 89.4(9) 86.3(15) 98.1(2) 93.1(2) 86.6(7) 98.2(5) 94.3(7) 89.7(7)

Mean and standard deviation (in parentheses) measures of accuracy (oercentage of correct responses) for participants with Down Syndrome (DS) and typically developing
participant matched by mental age (TD-MA) for each exerimental condition. Specifically, the leftward columns report data for the short-biased (SB) blocks relatively to
the short, medlum and long SOA (SBs, SBy and SBy, respectively). The central columns report data for the uniform (U) blocks relatively to the short, medium and long
SOA (Us, Uy and Uy, respectively). The rightward columns report data for the long-biased (LE) blocks relatively to the short, medium and long SOA (LBs, LB and
LBy, respectively).
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Model 2a Model 2b Model 2¢

ToM MSL MK LC RC ToM MSL MK LC RC ToM MSL MK LC RC
HISEI - 0.24** - 0.16* —0.02 - 0.24** - 0.16* - - 0.24* - —0.16* -
WM 0.13*+ 0.20* 0.23* - - 0.13+ 0.20* 0.23* - - 0.13+ 0.17+ 0.19+ - -
Language 0.46** 0.32** 0.13 0.23* 0.09 0.46* 0.33** 0.14 0.22* - 0.46* 0.33* 0.14 0.23* -
ToM 0.06 —0.06 0.18+ —0.02 0.06 —0.06 0.18+ - 0.06 —0.06 0.18* -
MSL 0.19+ 0.8 0.19+ 0.26* 0.19* -
MK 0.12 0.22* 0.12 023 0.11 -
LC 0.44* 0.45* 0.63**
X2 X2(14) =3.57, p = 0.99 X2 (17) = 4.63, p= 0.99 X2(19) = 26.65, p = 0.11
CFI 1.00 1.00 0.97
RMSEA 0.00 0.00 0.04
AIC 7145.012 7140.072 7158.09
BIC 7327.961 7312.260 7323.11
R? 0.29"* 0.36** 0.09 0.35* 0.52* 0.29* 0.36** 0.09 0.35* 0.51* 0.29* 0.34* 0.07 0.35** 0.39"

LC, Listening Comprehension; RC, Reading Comprehension; Language, Language Skills; WM, Working Memory; MSL, Mental State Language; MK, Metacognitive Knowledge; HISEI, Highest International Socio-
Economic Index of Occupational Status in the family; CFl, Comparative Fit Index; RMSEA, Root Mean Square Error of Approximation; AIC, Akaike Information Criterion; BIC, Bayesian Information Criterion.
*k *

p <0.01, *p < 0.05, Tp < 0.1.
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Listening Comprehension

Model 1a (complete)

MODEL FIT

X2 X2(6) = 1.56, p = 0.96

CFI 1.00

RMSEA 0.00

AIC 6472.621

BIC 6644.809
Model 1b (ToM)

MODEL FIT

X2 X2(7) =5.27, p = 0.63

CFI 1.00

RMSEA 0.00

AIC 6474.338

BIC 6642.921

Model 1c (Language Skills)
MODEL FIT

x? X2(7) =5.09, p = 0.65
CFI 1.00

RMSEA 0.00

AIC 6474.153

BIC 6642.736

Model 1d (Cognitive Skills)
MODEL FIT

X2 X2(8) = 1.80, p = 0.98
CFl 1.00

RMSEA 0.00

AIC 6468.869

BIC 6488.035

Model 1e (Complete Mediation) Model 1d (Complete Mediation)

MODEL FIT

X2 X2(10) = 15.73, p = 0.11
CFI 1.00

RMSEA 0.00

AIC 6478.795

BIC 6636.634

Reading Comprehension

Model 1a (complete)

X2(6) = 1.48, p = 0.96
1.00
0.00
6632.638
6804.826

Model 1b (ToM)

X2(7)=1.89, p = 0.97
1.00
0.00
6631.044
6650.627

Model 1c (Language Skills)

X2(7) =319, p = 0.87
1.00
0.00
6632.343
6800.944

Model 1d (Cognitive Skills)

X2(8) = 2.56, p = 0.96
1.00
0.00
6629.716
6794.729

X2(10) = 8.08, p = 0.62
1.00
0.00
6631.239
6789.078

CFI, Comparative Fit Index; RMSEA, Root Mean Square Error of Approximation;

AIC, Akaike Information Criterion; BIC, Bayesian Information Criterion.
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Listening Comprehension Reading Comprehension

ToM MSL MK LC ToM MSL MK RC
Model 1a Model 1a
HISEI - .24 - 07l - 0.25** - 0.05
WM 0.12+ 0.18* 0.17 0.038 0.137" 0.21* 0.21+ 0.04
NON 0.03 —0.02 0.05 0.02 0.03 —0.03 0.04 0.07
Language 0.45™* 0.34** 0.13 0.22* 0.45** 0.33** 0.12 0.15
ToM - 0.06 —0.06 0.19* - 0.06 —0.06 0.06
MSL - - 0.18* - - 0.31**
MK - - 0.11 - - 0.26**
R? 0.29 0.34 0.07 0.36 0.29 0.36 0.08 0.40

LC, Listening Comprehension; RC, Reading Comprehension; Language, Language Skills; HISEI, Highest International Socio-Economic Index of Occupational Status in
the family; WM, Working Memory; NON, Non-verbal cognitive abilities; MSL, Mental State Language; MK, Metacognitive Knowledge;**p < 0.01, *p < 0.05, *p < 0.10.
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2. 3. 4. 5. 6. 7. 8. 9. 10.

1. Language Background ~ —0.11 (266) —0.30(256) —0.09(246) —0.15(256) —0.15(220) —0.15(103) —0.04(103) —0.18(115) —0.10(116)
2. HISEI 0.31(256) 0.10(246)  0.18(256)  0.21(220)  0.33(103)  0.01(103)  0.34(115)  0.25(116)
3. Language (3;6 years) - 0.50(245) 044 (255)  0.52(214)  0.48(101)  0.18(101)  0.49(113)  0.46 (114)
4. WM (3:6 years) - 0.42 (245)  0.35(208)  0.28 (99) 0.24 (99) 0.29(108)  0.36 (109)
5. NON (3:6 years) - 0.26(213)  0.21(100) 0.17(100) 027(112)  0.32 (113)
6. ToM (5:6 years) - 0.28 (97) 0.03 (97) 0.35(100)  0.24 (101)
7. MSL (9;2 years) = 0.24(103)  0.44(79) 0.51 (80)
8. MK (9;2 years) = 0.26 (79) 0.43 (80)
9. DELKO (13;7 years) - 0.63 (115)
10. NEPS (13;7 years) -

N in parentheses; HISEI, Highest International Socio-Economic Index of Occupational Status in the family; WM, Working Memory; NON, Non-verbal reasoning; ToM,
Theory of Mind; MSL, Mental State Language; MK, Metacognitive Knowledge; DELKO, Test for listening text comprehension; NEPS, Test for reading text comprehension.
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N M SD Min Max

Working Memory (3;6 Years)

Digit span (K-ABC) 245 3.18 2.55 0 9
Hand movements (K-ABC) 246 3.17 2.21 0 10
Nonverbal Reasoning

Analogies (SON) 256 6.13 2.42 0 12
Categories (SON) 242 5.69 2.04 0 1
Language Skills (3;6 Years)

Receptive vocabulary (PPVT) 285 29.74 15.78 0 89
Receptive grammar (SC) 254 11.01 4.27 0 19
Higher-Order Skills

Theory of mind (5;6 years) 220 2.98 1.56 0 5
Metacognitive knowledge (9;2 years) 103 7.23 2.60 0 13
Mental state language (9;2 years) 103 8.63 2.06 4 13
Text Comprehension (13;7 Years)

Listening comprehension (DELKO) 115 19.64 3.02 9 24.50
Reading comprehension (NEPS) 116 21.66 6.04 8.50 31.75

PPVT, Peabody Picture Vocabulary Test; SC, Test for Sentence Comprehension; K-ABC, Kaufman Assessment Battery for Children; SON, Snijders-Oomen Non-verbal
Intelligence Test; DELKO, Test for listening text comprehension; NEPS, Test for reading text comprehension.
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Perceptual iconic gestures

Car
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Comb
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Subtest/inguistic component Age 1;0

Productive vocabulary size ELFRA 1
Word comprehension

Sentence comprehension

Word production

Sentence production

Grammar production

Sentence repetition

2;0

FRAKIS
SETK-2
SETK-2
SETK-2
SETK-2

2;6

FRAKIS
SETK-2
SETK-2
SETK-2
SETK-2

3;0

SETK 3-5
PDSS
SETK 3-5

4;0

P-ITPA

P-ITPA
P-ITPA

5;0 6;0

TROG-D TROG-D
P-ITPA P-ITPA
P-ITPA P-ITPA
P-ITPA P-ITPA

ELFRA 1: Hternfragbogen fir die Friiherkennung von Risikokindern (Parent Questionnaire for Early Detection of Children at Risk; German MCDI-version for children at
12 months), Grimm and Doil, 2006; FRAKIS: Fragebogen zur friihkindlichen Sprachentwicklung (Questionnaire for Early Language Acquisition; German MCDI-version
for children between 18 and 30 months), Szagun et al., 2009, SETK-2: Sprachentwicklungstest flr zweijjéhrige Kinder (Language Acquisition Test for 2-year-old
Children), Grimm, 2000; SETK 3-5: Sprachentwicklungstest fir drei- bis finfidhrige Kinder (Language Acquisition Test for 3- to 5-year-old Children), Grimm, 2001;
PDSS: Patholinguistische Diagnostik bei Sprachentwicklungsstérungen (Patholinguistic Diagnostics for Language Impairments), Kauschke and Siegmdiller, 2010; P-ITPA:
Potsdam-lllinois Test fiir Psycholinguistische Féhigkeiten (Potsdam-lllinois Test of Psycholinguistic Abilities), Esser and Wyschkon, 2010; TROG-D: Test zur Uberpriifung
des Grammatikverstédndnisses (German version of the Test for Reception of Grammar), Fox, 2013.
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Language skills
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Group
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7.0(3.84)

7.6 (2.69)
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9106 (2385) 76%
8869 (2271) 74%
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4422 (2298) 37%

4328 (1907) 36%

4335 (2392) 36%

3526 (1991) 29%

Asynchronous
looking time (ms)

4684 (2287) 39%

4541 (1900) 38%

3500 (2241) 29%

3601 (2081) 30%

Synchronous
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48.65% (21.03)

48.64% (17.18)

55.48% (23.06)

49.86% (20.92)
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(chance level)

t=-0850
p=0397
t=-1.005
p=0275
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p=0002
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Equipment Frequency of use M(SD) minutes use per day I
NL IL NL IL
Age 1-2.5 months (Ny_ = 33, N;_ = 35)
Activity mat 45.5% 78% 15.61 (23.91) 36.43 (31.85) 0.12"**
Baby bouncer 48.5% 61.5% 15.00 (27.27) 36.88 (81.84) 0.01
Baby carrier 24% 69% 13.48 (38.00) 36.48 (37.92) 0.07***
Car seat 97% 100% 31.21 (24.69) 32.50 (15.93) 0.002
Playpen 97% 19.5% 114.06 (145.58) 17.14 (39.52) 0.08"™*
Stroller lying 94% 94% 108 (161.83) 103.78 (102.44) 0.00
Stroller sitting - 3% - 5.00 (27.39) 0.03**
Baby swing? 6% 16% 1.67 (7.36) 6.30 (17.35)
High chair® 33.5% = 7.58 (14.09) -
Age 2.5-5.5 months (NnL = 128, Ny = 106)
Activity mat 88% 98% 53.94 (50.11) 111.26 (107.31)
Baby bouncer 79.5% 76.5% 37.80 (39.93) 36.66 (34.87)
Baby carrier 39.5% 79% 17.41 (50.40) 44.52 (58.39)
Car seat 93.5% 91% 37.91 (36.72) 34.63 (31.42)
Playpen 96% 27.5% 96.03 (81.93) 34.89 (101.48)
Stroller lying 89% 83.5% 62.30 (73.37 65.12 (55.48)
Stroller sitting 5.5% 11.5% 2.13 (9.54) 83.43 (28.84)
Baby swing? 71% 18% 2.24 (9.97) 8.73 (26.67)
High chair® 19.5% 1% 5.79 (14.93) 0.05 (0.52)
Age 5.5-8 months (Ny = 29, Ny = 37)
Activity mat 79.5% 92% 48.57 (57.30) 137.68 (115.32)
Baby bouncer 69% 75.5% 26.90 (34.45) 28.39 (32.29)
Baby carrier 55% 67.5% 13.14 (17.42) 22.14 (27.98)
Car seat 100% 95.5% 39.89 (46.40) 34.35 (19.85)
Playpen 87.5% 27% 72.25 (53.71) 17.97 (51.02)
Stroller lying 63% 43% 31.11 (32.65) 18.71 (36.03)
Stroller sitting 62% 65.5% 33.83 (35.74) 36.20 (41.06)
Baby swing? 17% 24.5% 1.61 (4.32) 9.59 (20.93)
High chair® 65.5% 22.5% 17.55 (19.34) 9.32 (24.36)

“*n < 0.01; **p < 0.001. @Equipment not included in the MANOVA as it was used for less than 10 min per day. PResults of MANCOVA for the entire data set
controlled for age. The p-values were evaluated against an adjusted criterium calculated using the false discovery rate control to correct for multiple comparisons. The
correction was jointly performed for data in Tables 2, 3 (including 10 XZ comparisons and two MANOVA’s).
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Study 1 Study 2

Netherlands Israel Netherlands Israel
Child age M =3.95 M =411 M=3.13 M =267
measurement 1 SD =1.37 SD =1.54 SD =1.46 SD =0.82
Child age NA NA M=9.72 M =9.30
measurement 2 SD =0.57 8D =179
Mother’s age M = 30.01 M =30.52 M =31.23 M =32.10

SD =3.91 SD =3.93 SD = 3.54 SD =4.23

Birth weight M =3425.01¢g M =3313.64 g M =3647.07 g M =3225.50¢g

SD = 519.81 SD=712.11 SD =910.71 SD = 454.83
Child’s gender 49% female 48% female 50% female 47% female
Percentage of children who received physiotherapy 14% 13% 33.5% 20%
Educational level® 63% university, 31% 93% university, 1.5% 87% university 100%

vocational, 6% vocational, 5.5% 13% university

secondary school secondary school vocational

@FEducational level was determined based on highest level of completed education divided in three levels: secondary school or lower; higher vocational education; and
university education.
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Netherlands  Israel x2(df) @
Study 1 - Chi square tests

Let infant play in the living room 98% 97% 0.27(1) 0.03
Let the infant play in the baby’s 14% 38% 78.27(2) 0.47
room
In the living room, let the infant
play on:

(1) Floor surface (mat, carpet, 74.7% 90.7% 15.08(17** 0.21
or floor)

(2) Sofa 42% 30% 5.76(1) 0.13

(3) Playpen 92% 16% 211.54(1  0.76

(4) Directly on the floor 20% 3% 23.78(1) 0.26
Type of floor 172147@)* 0.70

(1) Carpet 1% 4%

(2) Wood 24% 7%

(3) Laminate 42% 0%

(4) Tiles 15% 77%

(5) Linoleum 2% 0%
Playing outside 11% 27.5% 16.18(1)* 0.21
Cycling 2% 0% NA NA
Sleeping outside 2% 2% NA NA
Baby swing on the playground 0% 3% NA NA
Swaddling during sleep 17% 19% 0.21(1) 0.02
Use of sleeping bag 73% 4% 181.41(1)™  0.71

Study 2- Chi square tests
Use of sleeping bag 96.5% 0.03% 52.27(1)* 0.93
In the living room, let the infant
play on:
Floor surface (mat, carpet, or 90% 93% 0.22(1) 0.06
floor)
Study 1 MANOVA
F(df) w3
Multivariate results 22.95(2,344)"* 0.12
Layers of clothing indoors M =232 M=262 31.66(1,344)** 0.08
SD=053 SD=0.48

Layers of clothing outdoors M = 3.06 M=318 2.91(1,344) 0.01

SD=062 SD=0.66

Reports  of parents about the setting of motor developoment
in both samples.’p < 0.04;, **p < 0.001.p-Values were evaluated against
an adjusted criterium calculated using the false discovery rate control to correct for
multiple comparisons. The correction was jointly performed for data in Tables 2, 3
(including 10 x? comparisons and two MANOVA’s).
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No. Sex Familiy Index-finger  Vocabulary at Comprehension Parental Status 2;6 SLT Status 3;0-6;0

history of LD  point at 1;0 2;0° deficit at 2;,0°  guidance®
1 Female No No 16 No Yes LD 10 units TD
2 Male Yes No 23 Yes Yes LD 20 units TD
3 Female Yes No 69 Yes No LD No DLDd
4 Female No No 123 Yes Yes LD Breakup DLD
5 Male No No 210 Yes Yes TD - TD
6 Male No No 95 Yes Yes TD - TD
7 Female Yes Yes 41 No Yes TD - TD
8 Female Yes No 152 Yes Yes LD 10 units TD
g Male No Yes 28 Yes Yes TD - TD
10 Male No No 3 No Yes TD - TD

a = Size of productive vocabulary measured with FRAKIS (Table 2); b = In at least one of the two standardized tests of the SETK-2 (Table 2) measuring word and
sentence comprehension a score of >1 SD below the mean; ¢ = taking part in two units with a speech and language pathologist who explained and demonstrated a
language beneficial behavior; d = did not participate at 5;0; SLT = speech and language therapy; LD = language delay; TD = typical development; DLD = developmental
language disorder.
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TD (n = 29-32) LD (n =6-10)
Md IQR Md IQR U P ¥
B0 One child with DLD within the group of children with LD

Sentence comprehension 51.0 8.0 43.0 10.0 70.0 0.019 0.36
Word production 60.0 11.8 53.0 12.0 81.0 0.047 0.31
Grammar production 59.0 14.0 53.0 8.0 68.5 0.017 0.37
Sentence repetition 64.0 12.0 56.0 16.0 63.0 0.013 0.40
Children with DLD are excluded from analyses

Sentence comprehension 51.0 9.0 54.5 8.0 67.0 0.038 0.33
Word production 60.0 11.8 53.5 10.3 81.0 0.111 0.25
Grammar production 59.0 14.0 53.5 7.8 68.5 0.044 0.32
Sentence repetition 64.0 12.0 57.0 8.3 63.0 0.033 0.35

6;0 Both children with DLD within the group of children with LD

Sentence comprehension 55.0 12.0 48.0 12.3 77.0 0.017 0.38
Word production 57.0 10.0 48.5 19.0 86.0 0.036 0.34
Grammar production 62.0 16.0 526 19.8 80.5 0.023 0.36
Sentence repetition 65.0 13.0 59.0 215 81.5 0.060 0.36
Children with DLD are excluded from analyses

Sentence comprehension 55.0 12:0 49.0 10.5 77.0 0.100 0.27
Word production 57.0 10.0 54.5 15.0 86.0 0.186 0.22
Grammar production 62.0 16.0 55.0 13.0 80.5 0.130 0.25
Sentence repetition 65.0 13.0 59.0 25.0 78.5 0.257 0.26

TD = typical development; LD = language delay; DLD = developmental language disorder.
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TD (n = 30-32) LD (n = 7-9)

Md IQR Md IQR u P

Both children with DLD within the group of children with LD

3;0 8.0 3.3 5.0 1.5 46.0 0.003
4,0 12.0 3.0 9.0 1.5 61.5 0.011
5;02 13.0 2.0 10.0 1.5 36.0 0.001
Children with DLD are excluded from analyses

3;0 8.0 3.3 5.0 2.0 42.0 0.014
4,0 12.0 3.0 9.0 1.0 56.5 0.048
5;0 13.0 2.0 10.0 1.8 31.0 0.001

TD = typical development; LD = language delay; DLD = developmental language disorder; a, only one child with a DLD within the group of children with a LD.
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Comprehension of iconic gestures at 3;0
Comprehension of iconic gestures at 4;0
Comprehension of iconic gestures at 5;0
Index-finger pointing at 1;0

Non-verbal 1Q at 3;6

Word comprehension at 2;0

Sentence comprehension at 2;0

Word production at 2;0

Sentence production at 2;0

Sentence comprehension at 3;0

Word production at 3;0

Sentence production at 3;0

Word production at 4;0

Grammar production at 4;0

Sentence repetition at 4;0

Sentence comprehension at 5;0

Word production at 5;0

Grammar production at 5;0

Sentence repetition at 5;0

Sentence comprehension at 6;0

Word production at 6;0

Grammar production at 6;0

Sentence repetition at 6;0

n

39
40
41
42
39
40
39
42
36
37
39
38
41
39
37
41
41
41
40
41
41
41
40

Comprehension of iconic gestures

3;0

0.396*
0.332*
0.574*
0.333*
0.499*
0.478™
0.620™
0.641**
0.642*
0.455*
0.482*
0.469*
0.726"*
0.480"
0.460™
0.437**
0.653*
0.455™
0.418™
0.319
0.643™
0.428™

4;0

0.396*
0.501**
0.368*
0.458"*
0.247
0.358*
0.302
0.433*
0.329
0.307
0.332*
0.381*
0.331*
0.197
0.282
0.255
0.317*
0.301
0.275
0.310
0.414*
0.347*

5;0

0.332*
0.501*
0.396*
0.475*
0.353*
0.495™
0.556™
0.621**
0.332*
0.357*
0.282
0.282
0.328*
0.194
0.456™
0.286
0.265
0.209
0.255
0.118
0.275
0.208

n: Due to the fact that not every child participated in every test, the exact number of participating children is listed; *p < 0.05, *p < 0.01, **p < 0.001.





