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Introduction: Children from low socioeconomic status (SES) families, and in particular, those with a lower level of maternal education, show lower fine-motor skills and lower vocabulary scores than their SES peers whose mothers have a higher level of education. Furthermore, low SES children frequently have difficulties in reading and spelling. These difficulties are attributed to deficits in the acquisition of skills through practice, such as those required for developing visual-motor routines, alongside deficits in the intentional acquisition of knowledge, such as those required in verbal learning. The aim of the current study was to test the effect of two background factors: low maternal education (ME) and risk of reading and spelling difficulties on practice-dependent learning of a motor task and intentional learning of a verbal task in second graders from low SES families.

Methods: In 2016/17, 134 low-SES second graders with higher and lower ME (95 typical learners and 39 with reading and spelling difficulties) were assessed with (a) the Invented Letter Task (ILT; a grapho-motor skill learning task) across five time-points (initial- and end-training Day 1; initial- and end-training Day 2; and 2-weeks post-training), as well as an ILT transfer task; and (b) The Rey Auditory Verbal Learning Test (RAVLT; an intentional word-learning task in which a word list is read to children for five learning trials and is recalled 20 min later).

Findings: Lower ME was associated with surplus segments in the performance of the motor task and its transfer to a novel condition as well as with lower recall on the verbal task, but not with the learning of both the motor and the verbal task. Having reading and spelling difficulties affected motor-task accuracy and also the way children learned the task, as evidenced by surplus segments at the beginning of Day 2, which were reduced with further practice.

Conclusion: Low ME affected overall performance level. Reading and spelling difficulties resulted in atypical learning of the motor task. Future research on practice-dependent learning in the context of children coming from low SES families should focus on subgroups within this heterogeneous population.
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INTRODUCTION

Motor skills and verbal knowledge are two core domains of development learned by children following repeated experiences. Children from low socioeconomic status (SES) families repeatedly demonstrate diminished educational attainment, language, and fine motor skills, thus widening the achievement gap between higher and lower SES groups across school years (Brooks-Gunn and Duncan, 1997; Grissmer et al., 2010; Roy et al., 2014). Evidence suggests, however, that these children’s learning may be further moderated under specific circumstances. For example, children from low-SES families in which maternal education (ME) is low were reported to have even fewer learning experiences (Bradley et al., 2001; Bradley and Corwyn, 2002; Milne and Plourde, 2006; Elliott, 2020). Furthermore, children from low SES families who also experience reading and spelling difficulties may show poorer fine motor skills and verbal memory than their low SES peers, as these domains are commonly impaired in children with reading and spelling difficulties (Scarborough, 1998; Costa et al., 2018). Although motor skills and verbal knowledge have been studied in children from low SES families, there is a paucity of research of subgroups within this heterogeneous population. In particular, it is not clear whether lower ME and the presence of reading and spelling difficulties may result in even lower performance levels. Furthermore, it is not known whether lower performance levels in low SES children, and in particular, in those with low ME or reading and spelling difficulties, may be associated with atypical learning and retention of new information in memory following a practice experience, possibly due to initial lower performance levels that may hamper learning (Bardid et al., 2013; van Tetering et al., 2018). These questions are of particular importance when planning school curricula and intervention programs for the enhancement of basic skills in children coming from low SES families.

A central tenet in neurobehavioral science is that long-term memories are sub-served by separate and distinct systems: the procedural and the declarative. The procedural system facilitates the acquisition of skills and routines through numerous repeated experiences (how to knowledge) and necessitate a critical number of repetitions and amount time. Once acquired, they are lasting (Squire and Dede, 2015). The declarative system is dedicated to the learning, remembering, and use of facts and events (what knowledge). Learning is intentional and requires one or few repetitions. Knowledge is rapidly acquired, although it may also be rapidly forgotten. Research in recent years has focused on the neural basis of learning with reference to the specific domain of learning (Raviv and Arnon, 2018). While motor proficiency, including that required for reading and spelling, such as the parsing of discrete elements and horizontal progression between elements, is acquired through repeated practice (Julius et al., 2016), verbal learning, e.g., of words, is considered more intentional (Hamrick et al., 2018). It has been suggested that low SES is strongly associated with deficits in the intentional acquisition of knowledge through the declarative memory system and with the linguistic domain (Farah, 2017), but not with the acquisition of practice-dependent skills (Leonard et al., 2015). The latter hypothesis, however, has not been investigated in children, and particularly in relation to motor skill learning.


Motor Skill Learning

Motor skill learning is the process by which movements are executed more quickly and accurately with practice (Willingham, 1998). The study of motor skill learning differentiates between the overall level of performance and performance change across the different learning phases and transfer conditions. Skill acquisition initially develops relatively quickly across different experimental paradigms (i.e., rapid improvements measured over the course of a single training session) and later slows as further gains develop incrementally over multiple practice sessions, until performance reaches nearly asymptotic levels. The progression from fast to slow motor learning is thought to depend on appropriate consolidation processes, defined as the progressive stabilization of a recently acquired memory (Dudai, 2004). Memory-consolidation processes are triggered by the training experience but require time (say, 24 h) to reach successful completion. Retention is tested at a delay of days or weeks. Performance measures commonly include speed and accuracy. The time trajectory of motor skill learning has been mainly studied in adults and more recently, in children (Dorfberger et al., 2007; Adi-Japha et al., 2008; Savion-Lemieux et al., 2009; Julius and Adi-Japha, 2015).



Verbal Learning

Language-processing difficulties are assessed using several tasks, including story recall, paired-association learning, and list learning. List-learning tasks test the ability to intentionally learn and memorize a list of unrelated words after repeated practice, enabling the study of factors that affect practice-dependent learning and retention in the relevant domain. Young children are not expected to remember long word lists. Only at older ages does reading typically involve sentences and texts of considerable length; at that stage, high achievement may increasingly depend on the child’s ability to retain material in memory as it is being read in order to facilitate the syntactic and semantic analyses that are necessary for comprehension (Scarborough, 1998).



Low Socioeconomic Status and Maternal Education

Low SES families comprise a heterogeneous population. SES is commonly indexed by several variables such as parental education, income, and profession. However, a plethora of studies concerning SES differences – even within the low SES population – refer to parental education level as an additional index of interest (Ganzach, 2000; Korat et al., 2007; Fluss et al., 2009; Zadeh et al., 2010; Yoshikawa et al., 2012; Hoff, 2013; Gullick et al., 2016; Mendive et al., 2017). Similarly, the current study indexed lower/higher ME levels within a low-SES sample.



Motor Skill Learning in Children From Low Socioeconomic Status Families and the Effect of Maternal Education

The level of motor skills, in particular of grapho-motor and visual-motor skills, is lower among low-SES children (Dinehart and Manfra, 2013; Julius et al., 2016; Africa and van Deventer, 2017). Regarding the effect of ME, previous studies found a tendency for better fine and gross motor skills among children of better-educated parents than among those of less educated parents. A recent study reported that only the mother’s (but not the father’s) education level was related to fine and gross motor skill development. Children of mothers who had post-high school degrees were assessed as having a significantly higher level of skill development, compared to mothers who had high school diplomas or had not completed high school (Valadi and Gabbard, 2020). Although we were not able to find studies assessing the effect of parental education on motor achievements in children coming from low-SES families, a study conducted in Egypt found significant delays, especially in fine motor skills, which were related to parental education level (El Elella et al., 2017). Across studies, environmental affordances were suggested as explaining lower motor skills.

Our literature search yielded no studies that assessed the effect of SES on the time-course of practicing novel motor skills, but we were able to find a few motor intervention studies that focused on the effect of SES. These intervention studies presented mixed findings for the effect of SES on practice outcomes (De Bourdeaudhuij et al., 2011; Bardid et al., 2013; Birnbaum et al., 2017), with some studies reporting narrowing of gaps, and others reporting widening of gaps or their remaining effect, even within the same study. One reason for the mixed effect may be the heterogeneity of the low-SES population, which may affect initial performance level as well as practice gains (Bardid et al., 2013).



Verbal Learning in Children From Low Socioeconomic Status Families and the Effect of Maternal Education

Maternal education is strongly related to the richness of children’s verbal input and has been shown to be the most important SES component in predicting language development and children’s literacy development (Hoff, 2003, 2013). Milne and Plourde (2006) observed six low-SES families whose children received free or reduced-price lunches and had high achievements. They found that parents with relatively stronger education provided their children with stimulating and literacy-rich opportunities by, for example, making reading materials available at home, and that their children had higher educational achievements. Milne and Plourde concluded that factors such as income may not necessarily be the best predictors of children’s achievements. Fluss et al. (2009), who also studied a low–medium SES population as defined by the national allocation of supplementary educational resources to disadvantaged school districts, suggested that higher ME is likely to be associated with a higher frequency of promoting literacy activities and more developed linguistic skills, further stressing the effect of ME on children’s practice opportunities.

Although verbal processing is a core deficit in low-SES families (Roy et al., 2014), we could not find studies that tested the effect of SES on verbal learning among children in this age group (but see income-dependent performance in adults in Al Hazzouri et al., 2017). Explicit vocabulary interventions suggest that children from high SES families gain substantially more than children from low SES families, consequently widening the gap (Hart and Risley, 2003; Marulis and Neuman, 2010; Mcgillion et al., 2017). We were also unable to find studies assessing the effect of parental education on verbal list learning, although one study did test learning of words from presented pictures among schoolchildren aged 8–12, revealing that children of better educated parents outperformed children of less educated parents (van Tetering et al., 2018). It is of interest to find out whether similar findings would arise for list learning in children from low-SES families, and furthermore, whether additional conditions such as low ME or reading and spelling difficulties would affect learning.



Children at Risk of Reading and Spelling Difficulties

Typical learners acquire the basic mechanics of reading and spelling in their first 2 years of school (Carver, 1990; Overvelde and Hulstijn, 2011). Difficulties in the acquisition of reading and spelling are primarily attributed to deficits in the intentional acquisition of knowledge, such as that required in verbal learning (Kramer et al., 2000; West et al., 2018), but also to deficits in the acquisition of implicit knowledge through practice (Needle et al., 2006; Hedenius et al., 2013). These two mechanisms may interact such that implicit knowledge (e.g., in phonology) may underlie intentional operations (e.g., intentional manipulation of individual phonemes), whereby impairments were detected for implicit phonological representations in children with reading difficulties (Peterson and Pennington, 2015). In addition to the well-studied effect of phonological knowledge on literacy skills (Peterson and Pennington, 2015), performance levels of grapho-motor skills and vocabulary are also considered predictors of growth in literacy during the early school years (Hamstra-Bletz and Blöte, 1993; Parush et al., 2010; Oyler et al., 2012). Moreover, performance levels in grapho-motor skills (Costa et al., 2018) and verbal memory (Scarborough, 1998) domains are commonly impaired in children with reading and spelling difficulties.

During the second grade, up to 30% of low achievers steadily improve their reading in the direction of average reading scores (Spira et al., 2005), thus suggesting that an evaluation of reading and spelling difficulties is premature for many of these children. This supports the view that focuses on low achievers as children at risk of reading and spelling difficulties. In the current study, we will focus on this population.



Motor Skill Learning and Verbal Knowledge Acquisition in Children With Reading and Spelling Difficulties and in Children With Reading and Spelling Difficulties From Low-Socioeconomic Status Families

Motor difficulties are common among children with reading and spelling difficulties, with a third or more of the children showing reading and spelling difficulties being diagnosed with motor difficulties (for a recent review, see Downing and Caravolas, 2020). Studies on motor skill learning among children with reading and spelling difficulties focus almost exclusively on the initial training session, implying intact performance in longer training sessions (for a recent review, see He and Tong, 2017). Few studies extend research beyond the initial training session, suggesting that later phases, particularly the consolidation phase, may be delayed or even impaired (Vicari et al., 2005; Hedenius et al., 2013). Notably, similar findings have been reported for children with developmental language disorder (Hedenius et al., 2011; Lum et al., 2012), including participants as young as 5 years of age (Adi-Japha et al., 2011b; Adi-Japha and Abu-Asba, 2014), as well as in those with attention deficits (Adi-Japha et al., 2011a; Fox et al., 2016).

Kramer et al. (2000), who studied the performance of 9-year-old children with reading disabilities on the California Verbal Learning Test – Children’s Version found that children with reading disabilities had impairments in their ability to learn new information but were able to retrieve information with typical proficiency and retain it over time. van Strien (1999) found that 10-year-old boys with reading disabilities recalled and recognized fewer words on the Rey Auditory Verbal Learning Test (RAVLT) than did controls. Oyler et al. (2012) used the Bergen-Tucson Verbal Learning Test (BTVLT) to compare middle-class adolescent students with reading disabilities to typical learners. The reading-disability group learned significantly fewer list items and did so more slowly than did the control group. It should be noted that verbal list learning has not always been found to be weak in children with reading difficulties (Brady, 1991). Furthermore, Tijms (2004) noted that effects found reflect an inaccurate encoding of the phonological characteristics of verbal information rather than a verbal memory deficit. In line with this notion, a recent large-scale study indicated that verbal short-term/working memory played a comparatively minor role in explaining diagnostic criteria for dyslexia (Landerl et al., 2013).

Although previous literature suggests that reading and spelling difficulties and SES are independently associated with variations in motor skills and vocabulary learning, their joint influence has been studied less. We were not able to find studies that tested the effect of SES (or ME) on motor learning in children with reading and spelling difficulties. However, we did find a few studies that tested the effect of SES and reading difficulty level on outcomes of reading intervention programs. These studies reported independent effects of reading difficulty and SES, albeit in different directions: While one study reported lower gains for lower SES and for lower reading skills (Hatcher et al., 2006), another study reported the opposite – with children who have lower reading skills and come from a low-SES background gaining the most (Romeo et al., 2018). This latter result is, however, at odds with most of the literature that reports lower intervention gains in lower SES (Torgesen and Mathes, 1999; or no effect of SES, Morris et al., 2012) and in children with lower reading abilities (Vellutino et al., 2007; Compton et al., 2012). It has been suggested that environmental factors, such as home literacy, access to reading material, and school quality may be responsible for systematic heterogeneity in the root cause of reading difficulties across children from varying SES (Peterson and Pennington, 2015; Ursache and Noble, 2016); and therefore, children with reading and spelling difficulties of varying SES may learn and retain new information differently (Friend et al., 2008; Mascheretti et al., 2013).



The Current Study

The current study focuses on learning a new grapho-motor pattern and on verbal learning among second graders of low-SES background with lower (up to 12 years of schooling, the mandatory education level in Israel) or higher ME. Differences in relation to this education level have been found for motor skills (Valadi and Gabbard, 2020) and vocabulary (Andonova, 2015; Cadime et al., 2018; and see also maternal talk to children, Korat, 2009). Within the above population, the current study differentiates between children with and without reading and spelling difficulties.

Our research hypotheses are:

(a) For grapho-motor learning,


(1)Lower ME would moderate overall performance level. Regarding training gains and their retention: it is not clear what the effect of ME would be.



Children with lower ME were shown to have lower motor skills (e.g., Valadi and Gabbard, 2020). It has been suggested that these children have less play options at home for developing their fine motor skills and have lower access to physical activity, for example, due to lack of community playgrounds (McNeill et al., 2006). Regarding training gains and their retention, the effect of lower ME is not clear due to the mixed results reported in the literature (De Bourdeaudhuij et al., 2011; Birnbaum et al., 2017), even within the same study (Bardid et al., 2013). These mixed findings may stem from differing difficulty levels of the motor tasks in relation to the pre-training level of the child, as well as from more general socio-cultural background factors (McNeill et al., 2006; Bardid et al., 2013).


(2)Reading and spelling difficulties would moderate overall performance level. We do not expect effects of reading and spelling difficulties on training gains; however, lower performance levels 24-h post initial training is expected.



Children with reading and spelling difficulties were shown to have motor difficulties. Several hypotheses were made regarding the source of comorbidity between reading and spelling difficulty and lower motor skills, all relate to the multifactorial nature of development with complex interactions within the environmental and the biological/genetic substrate and between these substrates (Downing and Caravolas, 2020). The effect of reading and spelling difficulties on training gains was shown to depend on training length (He and Tong, 2017). Given the very extensive course of training suggested below, we expect no effect of reading and spelling difficulties on training gains. However, previous studies indicate poorer retention 24-h post-training (Vicari et al., 2005; Hedenius et al., 2013), possibly due to atypical consolidation processes (Hedenius et al., 2013) and we expect similar findings here.

(b) For verbal learning,


(1)Lower ME would moderate overall performance level. Due to a lack of studies, the effect of ME on practice and retention is not clear.



Beginning in infancy, children with lower ME are less exposed to verbal input by their parents and were shown to have lower verbal skills (Roy et al., 2014; Valadi and Gabbard, 2020), therefore lower ME is expected to moderate overall task performance. Regarding practice gains and delayed recall, the effect of lower ME is not clear due to mixed findings. Lower ME was associated with less effective learning of verbal materials in intervention studies (Marulis and Neuman, 2010; Mcgillion et al., 2017). However, van Tetering et al. (2018), who studied a pictorial verbal learning task, reported an association between parental education level and task performance throughout the task, suggesting no education level effects on learning per-se. While most studies report lower gains in lower SES (or ME) level, or no difference in gains for differing SES (or ME) levels, few report the opposite (Romeo et al., 2018). These mixed findings may be related to the pre-training level of the children.


(2)The effect of reading and spelling difficulties on the overall performance, and on practice gains and their retention is not clear.



Verbal difficulties are characteristic of children with reading and spelling difficulties (Downing and Caravolas, 2020), however verbal learning relate more to memory for words than to other verbal skills (e.g., phonology). In this context, only weak association was reported between reading difficulties and verbal short-term/working memory (Landerl et al., 2013). Furthermore, the literature presents mixed findings regarding the effect of reading and spelling difficulties on verbal learning (Brady, 1991; Kramer et al., 2000; Oyler et al., 2012), and when found, these deficits were attributed to inaccurate phonological encoding rather than to a memory deficit (Tijms. 2004). Therefore, no clear hypothesis can be made regarding the performance of children with reading and spelling difficulties on the RAVLT.

The joint influence of ME level and reading and spelling difficulties on motor and verbal skills and their learning has not been studied yet. We were not able to find previous studies regarding motor skills or their learning, while for verbal learning the literature suggests mixed findings (Hatcher et al., 2006; Romeo et al., 2018).

For the purpose of the current study, all second graders who attended two low-SES schools (one for boys and one for girls) were assessed using the invented letter task (ILT, Julius and Adi-Japha, 2015) and the RAVLT.

In the ILT, participants connect three dots in a given sequence to form a “letter” pattern. The task used here involved two successive days of training and retention evaluation, as well as transfer to a novel task condition 2-weeks post-training. Performance of the ILT was shown to correlate with handwriting speed and accuracy in kindergarteners and second graders, as well as with reading speed in the second grade, and to predict handwriting and reading proficiency in the year following the ILT practice (Julius et al., 2016). In comparison to typically developing children, the ILT showed an atypical acquisition pattern in children with developmental language disorder (DLD; Adi-Japha et al., 2011b; Adi-Japha and Abu-Asba, 2014), commonly associated with deficits in motor performance and skill learning (Krishnan et al., 2017). Moreover, ILT studies showed different abilities as well as transfer gains in children with developmental coordination disorder (DCD; Adi-Japha and Brestel, 2020), commonly associated with difficulties in mastering handwriting (Farmer et al., 2016). It should be noted that due to the high comorbidity of reading and spelling difficulties and DCD (Downing and Caravolas, 2020), the research questions of the current study may be also relevant to children with DCD.

The RAVLT (Rey, 1964) is a standardized word-list multiple-trials test, frequently used in neuropsychological batteries. In the RAVLT, children are read a list of words five times and are asked to recall these words at a lag, allowing the assessment of learning and retention. The test has been previously used in this age-group in relation to literacy skills (van Strien, 1999). Several list-learning tests exist, but only the RAVLT was standardized in Hebrew.

Assessment studies have shown that difficulty in word reading may affect spelling until the word-reading and/or spelling problems are remediated, with spelling as the more persistent problem (Berninger and Richards, 2010). Therefore, word reading (speed and accuracy scores) and spelling subsets of a normed literacy screening test used to detect reading and spelling difficulties.




MATERIALS AND METHODS


Participants

A sample of 151 second graders (age M = 8.14; SD = 0.45) from two primary schools in the same city (a low-SES city, according to the national rankings in Israel) was recruited for the study. The schools’ SES were ranked 8 and 9 (10 is considered the lowest). The schools participate in a national nutrition program that provides all students with subsidized lunches. Boys (n = 107) and girls (n = 44) learn separately. The study was conducted in 2016/17. All monolingual Hebrew-speaking second graders in these schools were invited to participate. One boy (bilingual), one girl who had a cochlear implant, and thirteen boys and two girls diagnosed with ADHD and were being medically treated were not included in the data analyses. For two children, the parents did not provide maternal years of education data. The final sample comprised 134 children (40 girls).

Participants’ parents completed a SES information questionnaire in which they reported their occupation and education level, among other SES factors. Maternal education was defined in terms of years of study. Twelve years of maternal education or less (basic, non-vocational compulsory education level as of 2007) were coded as low ME (n = 69). Participants were defined as having reading and spelling difficulties on the basis of low scores on the Ma’akav test (a normed test for the assessment of basic literacy skills). Children with a standardized score lower than 25% on at least one measure of the word-reading test (speed or accuracy), combined with a standardized score lower than 25% on the spelling-to-dictation test were defined as children with reading and spelling difficulties (n = 39). These included 20 children with low ME and 19 with higher ME. Of the 95 typical learners, 49 children had mothers with low education levels and 46 had mothers with higher education.

Of these 134 children, 129 children completed all phases of the ILT (93 typical learners, of whom 49 were low ME; and 36 children with reading and spelling difficulties, of whom 18 were low ME). The 129 children also completed all phases of the RAVLT (93 typical learners, of whom 50 were low ME; and 36 children with reading and spelling difficulties, of whom 17 were low ME).

Sample size was calculated on the basis of several studies, all investigating students with and without learning difficulties (Swanson and Harris, 2013). With a power of 0.80 and a two-tailed α = 0.05, a sample size of 128 participants in a 2 × 2 design was found large enough to detect medium effects (f = 0.25, Cohen, 1988) or larger. This calculation was based on an a-priori power analysis using G∗Power 3.1 (Faul et al., 2009). The children were tested for nonverbal IQ as measured by the Colored Progressive Matrices Nonverbal IQ Test (Raven et al., 2008) and Visual Motor Integration (VMI, Beery and Beery, 2010). Descriptions of the children’s SES backgrounds and learning abilities are presented in Table 1.


TABLE 1. Means, standard deviations, and analysis of variance (ANOVA) of descriptive data.
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Testing Procedures

The study was approved by the Israel Ministry of Education (7883/054 10.32) and parents signed the Ministry of Education consent forms. Child assessments were conducted at the schools, in one quiet room, by an experienced occupational therapist (Author 1) in four or five individual 20–50-min pull-out sessions during school hours. Blind coders (healthcare graduates) evaluated performance and coded the data.


Maternal Education

Data on maternal education level, known to be an important factor in predicting development in early childhood and academic success, was taken from the Hollingshead (1975) SES questionnaire (see below), and was coded as high if above upper secondary (high school level), and otherwise as low.

The discussion on the effects of SES in the context of child outcomes commonly refers to education level, rather than to a more accumulative measure such as parental schooling years. Within schooling levels, the distinction between below- or at-high-school level and above-high-school level refers to both qualitative and quantitative changes (Duncan et al., 2012). A low ME threshold has been taken here at high-school level (upper secondary level of education without any vocational or tertiary education) as this level of education sets the benchmark for comparison among groups in relation to SES outcomes in education (OECD, 2020). In Israel, where the current study took place, high-school level education has been mandatory as of 2007.



The Socioeconomic Status Questionnaire

The SES questionnaire is a seven-factor index based on Hollingshead (1975), adapted for Israeli culture by Korat et al. (2007) (α = 0.90), and includes the education levels of the parents, their occupations and/or professional qualifications, number of children, rooms, and family income level. This measure was used to test if low/high ME groups differed in their overall SES scores. The professional qualification and current occupation scale ranges from 1 (unskilled workers and menial laborers) to 5 (upper-level executives and professionals). Parents were asked to rank their combined income level relative to the official Israeli average at the time of testing, on a scale from 1 (much below the national average) to 5 (much above the national average). To calculate a SES value, the data were transformed to a 5-point scale (from 1 = low to 5 = high). The 7 SES indices Z-scores were averaged (see Table 1) to adjust for differences in the scales and distributions across variables (Korat et al., 2007).



Non-Verbal Reasoning – Raven’s Educational Colored Progressive Matrices

Raven’s Non-Verbal Reasoning test (Raven et al., 2008) is commonly used when studying developmental disabilities and in neuropsychological assessments to characterize study populations and evaluate potential differences between study populations. In particular, the Raven’s test has been used in ILT studies (Adi-Japha and Abu-Asba, 2014; Adi-Japha and Brestel, 2020) and in studies that assessed the RAVLT (e.g., Chiaravalloti et al., 2020). In the current study, the Raven was used to obtain a nonverbal assessment of intelligence, in a version suited for children aged 5–11. It comprises 36 items in three sets (A, AB, and B) of 12 colored large-print drawings each. Each item is presented with an incomplete design and six alternatives, from which the alternative that best completes the design must be chosen. The items entail escalating skills in encoding and analyzing information. The sum of scores on the full test (score range 0–36) was converted into Z scores. Internal consistency in 8- to 9-year-olds was high (0.88), and split-half reliability was 0.9 (Cotton et al., 2005).



Beery Visual Motor Integration

The Beery-Buktenica developmental test of VMI (Beery and Beery, 2010, 6th edition) was used. The VMI, a standardized test that evaluates the VMI skills of individuals aged two to adulthood, includes 30 geometric forms that are to be copied. The forms are set in a progressively difficult sequence. In the current study, the test was stopped after a participant failed to correctly copy three consecutive shapes. Reliability was found to be 0.80–0.92; mean score (M) = 100; and standard deviation (SD) = 15. Children with reading and spelling difficulties often encounter difficulties in handwriting production (Cheng-Lai et al., 2013; Martínez-García et al., 2020). Because the ILT is a writing-like visual-motor task the VMI is frequently used in ILT studies, and it may serve as a covariate in the analysis of ILT performance in case of potential group differences in visual-motor skills (Adi-Japha et al., 2011b; Adi-Japha and Abu-Asba, 2014).



The Ma’akav Test for Basic Reading and Spelling Skills

Ma’akav (Shany et al., 2003), a normed referenced evaluation for second to sixth grades, is recommended as part of the curriculum in primary schools in Israel. It comprises five subtests, of which only two were used in the current study: single word reading – 38 words (α Cronbach = 0.91) and a spelling-to-dictation text of 27 words assessed for spelling (reliability of alternate forms for the accuracy measure = 0.59).

Spelling in Hebrew may be much more challenging than reading because the vast majority of Hebrew words can be spelled in more than one way (Share and Levin, 1999), implying that reading and spelling should be studied together. Therefore, two subtests of Ma’akav screening test were used to detect reading and spelling difficulties: (a) a word-reading test composed of individual words with voweling and (b) spelling-to-dictation of a short text. Following the screening instructions, children were defined as low achievers if they were among the lowest 25% of achievers in speed or accuracy of word-reading and in the lowest 25% of achievers on the spelling test (see also Shany and Share, 2011; Blicher et al., 2017).



The Invented Letter Task

The ILT was used to study the time-dependent course of motor skill acquisition. The task consists of point-to-point planar movements (Figure 1A: A→B→C, segment length 1.2 cm, circle outer diameter 3 mm, shape width 6 mm) to form an invented letter. Movement progress is from right to left (as in Hebrew spelling). Each ILT block contains 15 repeats of the same pattern (Figure 1B). Overall, 28 blocks of the task were performed: 12 on the first day of training; twelve after a 24-h lag, i.e., on the second day of training (also referred to as the consolidation phase); and four blocks, 2 weeks after the first day of training (the retention phase). Transfer was tested (transfer condition, Figure 2) immediately after the retention testing and consisted of performing the task from left to right on four additional blocks.


[image: image]

FIGURE 1. (A) ILT, Invented Letter Task Stimuli. (B) ILT Block.
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FIGURE 2. ILT research plan. On Day 1, Day 2, and the first four blocks, 2 weeks after training (retention testing): movement progress is from right to left (R–L; as in Hebrew writing). On the four blocks of the transfer task, movement progress is from left to right (L–R).


The participants practiced the task at the beginning of each day for one block until they completed one line with no errors. They were instructed to perform the task as quickly and accurately as possible, going through all three encircled dots in one continuous line (Adi-Japha et al., 2011b; Julius and Adi-Japha, 2015; Julius et al., 2016; Adi-Japha and Brestel, 2020). On all testing days, the blocks were separated by a minimum of 15 s and up to a 30-s break. After each practice session was completed, the experimenter placed an identical sheet of paper on the digitizer in front of the participant for completion. The same task was repeated for the practice sessions during the three intervals. No feedback was provided on any performance measure other than general encouragement (“You’re doing fine”; “Pay attention to the task”; “Remember to be as quick and accurate as possible!”). The children completed the practice sessions within 20 min. Practice in a connecting dot pattern is standard in learning letter-writing in many school curricula (e.g., Dizzy from A to Z, Tsur, 2006), Hebrew (the language used by the participants; e.g., Magic and Friends, Center for Educational Technology, 2019), and Arabic (e.g., Arabic is our Language, Center for Educational Technology, 2010).

Children performed the task on a half-A4 piece of paper placed vertically on a Wacom tablet (sampling rate 200 Hz, nominal accuracy 0.02 mm). An ink stylus resembling a ballpoint pen, which leaves a visible ink trace on the page (see Supplementary Figures 1, 2), was used. The tablet was placed on a slanted ergonomic board that was set on a table adjusted to the child’s seat height in order to achieve an ergonomically optimal spelling position (a 20-degree slant). Participants’ feet were placed on a stable platform (at a 90-degree angle). The writing product was evaluated using a computer program that computed the average value per block of the writing accuracy and overall time (see Supplementary Figure 3).


Invented letter task coding

The ILT was coded for accuracy and performance times. We used two accuracy measures. (1) Surplus segments. The digitizing tablet provided a flag measure of the on-page or off-page contact that was calibrated by the axial pressure of the writing stylus on the tablet surface and was used to evaluate the number of segments children produced. Each block consisted of 15 shapes and should include 15 segments. Surplus segments were coded as the number of segments above 15 used per block (Julius and Adi-Japha, 2015; Adi-Japha and Brestel, 2020). (2) Erroneous shapes. Shapes not produced in one continuous movement or shapes that are too narrow or too wide relative to the encircled point B, the midpoint of the shape in Figure 1A (this corresponds to not going through the encircled point; Julius and Adi-Japha, 2015). While the use of surplus segments is associated with basic production difficulties (e.g., in children with DCD; Adi-Japha and Brestel, 2020), and was uniquely related to retention deficits in typically developing kindergarten children (Julius and Adi-Japha, 2015), overall accuracy is taken more as a measure of movement planning using spatial guidelines (Adi-Japha and Brestel, 2020). In addition to accuracy, we evaluated performance times. Overall time was computed based on the digitized data, from the first touch of the pen tip on the page until block completion.

The ILT analysis consisted of five time-points (TP): TP1 (initial training, the mean of the first four blocks of Day 1); TP2 (the mean of the last four blocks of Day 1 training); TP3 (24-h consolidation, the mean of the first four blocks of Day 2); TP4 (the mean of the last four blocks of Day 2 training); TP5 (2-week retention, the mean of four blocks, 2 weeks after training). Transfer was evaluated at the session held 2 weeks after training (the mean of four blocks).

For each time-point of the three study measures, the split-half reliability was calculated. For surplus segments, the split-half reliabilities for the 5 time-points and transfer task were: 0.67, −0.79, and 0.91, respectively; for erroneous shapes, 0.67, −0.80, and 0.79, respectively; and for performance times, 78, −0.84, and 0.81, respectively. Reliability increased with practice.




Rey Auditory Verbal Learning Test

Rey Auditory Verbal Learning Test (Rey, 1964) is a normed word-list multiple-trials test for ages 8–91 for assessing verbal (declarative-intentional) memory skills. The Hebrew version of the RAVLT was used. Raw scores were translated to Z scores based on age and gender (Vakil et al., 2010). Concurrent and delayed measures were used. The test consists of 15 common nouns that are read to participants at the rate of one word per second in five consecutive trials (Trials 1–5). Each reading is followed by a free recall task. Twenty minutes later, participants are asked to recall the first list without an additional reading (Recall Trial). Standard Z scores were calculated in accordance with Israeli gender norms as described by Lezak et al. (2004) for the following developmentally sensitive measures: Learning. Learning was measured in terms of cumulative recall after the fifth reading vs. the first reading (Trial 5 vs. Trial 1); Retention. Retention of learned material over time (Recall Trial vs. Trial 5). In a study of 225 6- to 12-year-olds, test-retest reliability of Trials 1–5 was 0.70, and of the delayed recall 0.62 (van den Burg and Kingma, 1999).



Vocabulary

Subtest 7 from the Hebrew version of the Wechsler Intelligence Scale for Children (WISC R-95; Wechsler, 1998) standardized for age 6–13. This is a progressively difficult test in which participants describe or explain the meaning of 25 words read to them. The maximum score for this subtest is 50 points. Reliability for this test was found to be r = 0.85 and construct validity ´α = 0.62. Standard scores were used with M = 10, SD = 3.



Digit Span Number-Recall (Sequential Verbal Short-Term Memory) Test

Subtest 11 from the WISC R-95 Hebrew version (Wechsler, 1998) adapted for ages 6–13, found to be a particularly strong predictor of language and academic achievements, and considered as a measure of phonological short-term memory (STM; Alloway and Alloway, 2010), was used. In the first subtest task, participants were presented with two spoken series of three to nine digits and were asked to repeat them. In the second subtest, the Backward Digit Span, participants were asked to repeat two series of two to eight digits in reverse. Each of the 14 trials was coded as recalled correctly or incorrectly, and the total number of digits across all correct trials was recorded. The total of the two subtests was coded; reliability was found to be r = 0.85 and construct validity ´α = 0.62. Standard scores were used with M = 10, SD = 3.

Because the RAVLT is a verbal word-learning task, vocabulary as well as verbal short-term memory measures are often correlated with performance level on this task. As this task is here used to assess group differences in verbal learning and memory, these two variables were set as covariates (Keenan et al., 1996; Krueger and Salthouse, 2010; Vakil et al., 2012).



Literacy Test-Meitzav, a National Academic Reading and Spelling Test

The 2012 Meitzav test for Grade 2, Part A, was used to evaluate literacy skills. Meitzav is part of a national testing program conducted by the National Authority for Measurement and Evaluation in Education, in which primary, junior high, and senior high schools participate. Until 2016, second graders were part of the testing system, with testing conducted during the last trimester of the school year. Since then, these children have been tested internally at the beginning of the year, using a different version of the test. The 2012 Meitzav was comprised of six sections (dictation accuracy, reading and writing accuracy, reading comprehension, written expression, and linguistic knowledge). The Meitzav total score of part one is normalized. An additional scale according to SES were calculated nationally (M = 67, SD = 22 for the lowest SES rank). The Reading comprehension subtest scores under 65 were considered the 25th percentile, scores and under 49 were the 10th percentile and were reported in this study (RAMA, 2016).





RESULTS

We provide sample descriptive statistics (Table 1) and confirm that low SES children show lower motor and verbal learning scores than that of the general population. We then move to the main study analysis: Practice dependent learning on the motor and verbal tasks (see Supplementary Table 1 for Means and Standard Deviations of Practice dependent learning on motor and verbal tasks Measures).


Background Variables

A series of Kolmogorov-Smirnov tests indicated that the main study measures (overall ILT scores of surplus segments, erroneous shapes, and performance times, and RAVLT recall scores) did not violate assumptions of normality. A chi-square test for association was conducted between ME and reading and spelling difficulties. All expected cell frequencies were greater than five. It is important to note that reading and spelling difficulties groups did not differ in their ME level of education χ2(1) = 17, p = 0.681. No statistically significant differences in ratios between boys and girls were found in all groups.

Table 1 presents descriptive statistics of the sample and the results of a 2-way ANOVA with reading/spelling difficulties (reading and spelling difficulties, present/absent) and ME (low/high). As can be seen, children with lower ME had significantly lower overall SES scores. Children with lower ME [F(1, 129) = 5.27, p = 0.023, ηp2 = 0.039] as well as children with reading and spelling difficulties [F(1, 129) = 5.19 p = 0.024, ηp2 = 0.039] had lower number-recall scores (verbal STM). Children with reading and spelling difficulties additionally had lower visual-motor skills [F(1, 129) = 4.59, p < 0.001, ηp2 = 0.034] and generally, as expected, lower literacy skills [F(1, 129) = 78.89, p < 0.001, ηp2 = 0.39] {spelling, [F(1, 129) = 36.10, p < 0.001, ηp2 = 0.22] and reading comprehension [F(1, 129) = 21.27, p < 0.001, ηp2 = 0.14]} than typical-learner peers.



Comparison to Normative Values in the General Population

On all measures reported in Table 1, the group of typical learners with higher maternal education achieved the highest scores. Nevertheless, compared with the standard means among the general population, even participants in this group scored significantly lower in motor and verbal testing: on the VMI test [t(45) = 3.92, p < 0.001], and the vocabulary subtest of the WISC-R 95 [t(44) = 3.04, p < 0.001], as one would expect among low-SES samples (Noble et al., 2006; Dinehart and Manfra, 2013; Roy et al., 2014; Julius et al., 2016; Manfra et al., 2017).



Motor-Learning: The Invented Letter Task Accuracy and Time Measures

Accuracy and time on the motor-learning task were analyzed using a mixed-design ANOVA, with time-point as the between-subject variable and ME and reading and spelling difficulties as between-subject variables, using a 5 (time-points: beginning of Day 1, end of Day 1, beginning of Day 2, end of Day 2, 2 weeks post-training retention) × 2 (ME = low/high) × 2 (reading and spelling difficulties = with/without) design; Transfer task was studied using a 2 (time-point = ILT retention, ILT Transfer) × (ME = low/high) × 2 (reading and spelling difficulties = with/without) mixed-design ANOVA whereby ILT retention and transfer were assessed 2-weeks post initial training. The Greenhouse-Geisser correction was used when the assumption of sphericity was violated.


Accuracy Performance


Surplus segments

Young children often fail to produce the ILT shape in one segment (Julius and Adi-Japha, 2015). Analysis of the surplus segments (Figure 3 and Table 2) indicated a main effect of ME [F(1, 125) = 6.08, p = 0.015, ηp2 = 0.05]. Accordingly, children with higher maternal education were overall more accurate (i.e., fewer surplus segments). Additionally, an overall effect of time-point [F(4,500) = 10.45, p < 0.001, ηp2 = 0.08] and a trend toward a Time-point × Reading and spelling difficulties group interaction [F(4,500) = 2.39, p = 0.050, ηp2 = 0.02] emerged.
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FIGURE 3. ILT number of surplus segments (assessed as surplus hand raises, mean and standard deviation) among the four groups: HME typical learner, typical learner with high maternal education; LME typical learner, typical learner with low maternal education; HME reading and spelling difficulties, reading and spelling difficulties with high maternal education; LME reading and spelling difficulties, reading and spelling difficulties with low maternal education. The figure depicts the five points in time: TPI (Init Day 1) Initial Day 1: TP2 (End Day 1) end of Day 1, TP3 (24 h) post-training initial of Day 2, TP4 (End Day 2) end of Day 2; TP5 (2 Weeks) and 2 weeks post-training retention testing.



TABLE 2. Analyses of ILT surplus segments.
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To verify that differences between groups did not occur due to the lower visual-motor skills of this group (Downing and Caravolas, 2020; and here as indicated in Table 1), the analysis was repeated with VMI scores as a covariate. The analysis indicated a main effect of ME [F(1, 124) = 6.43, p = 0.012, ηp2 = 0.05] and a Time-point × Reading and spelling difficulties Group interaction [F(4,496) = 2.40, p = 0.049, ηp2 = 0.02] emerged. These data suggest that although groups differed in their VMI scores, this did not affect the difference between lower and higher ME in overall performance or the Time-point × Reading and spelling difficulties Group interaction.

To follow the Time-point × Reading and spelling difficulties Group interaction found (with the VMI held as a covariate) group differences were evaluated at each of the time-points. The analysis indicated a significant group difference only at the beginning of Day 2 (group difference at the beginning of Day 2: p = 0.009; This significance level is in-line with the Bonferroni correction at p < 0.01 level for group comparison at 5 time-points). This group difference emerged due to an increase in surplus segments of the reading and spelling difficulties group, t(35) = 2.28, p = 0.029. No group difference emerged at any of the other time-points (ps > 0.1).

Due to the relatively discrete low values of the surplus segment variable, at each time-point a-parametric Mann-Whitney analysis was undertaken. The analyses indicated similar findings to those reported for the parametric analyses, with a significant group difference only at the beginning of Day 2 (Z = 1.99, p = 0.047), but not at the other time-points (Z < 0.1.65, p’s > 0.1).

The surplus segments transfer analysis indicated an increase in the number of surplus segments [time-point main effect: F(1,125) = 5.99, p = 0.016, ηp2 = 0.05] and especially for the lower ME children, as indicated by a Time-point × ME Group interaction [F(1,125) = 4.20, p = 0.042, ηp2 = 0.03]. When VMI scores were used as a covariate, the analysis indicated only the Time-point × ME Group interaction [F(1,124) = 4.22, p = 0.042, ηp2 = 0.03]. This interaction emerged because no ME-dependent group difference emerged at ILT testing 2 weeks post-training [t(126) = 0.79, p = 0.426]; however, at the transfer condition, a significant difference emerged [t(126) = 2.51, p = 0.013]. Thus, the group difference at the transfer condition resembles the groups difference found at initial ILT practice [t(126) = 4.93, p = 0.426]. A parametric Mann-Whitney test indicated similar findings with a non-significant group difference at ILT testing (Z = 1.31, p = 0.197), but a significant difference at the transfer test (Z = 2.67, p = 0.023), in similar to the significant difference found at initial testing (Z = 2.32, p = 0.020).



Erroneous shapes

The analysis of the ILT erroneous shapes (shapes not produced in one segment and that are too narrow or wide with respect to the encircled midpoint) indicated that children with reading and spelling difficulties were less accurate than their peers [F(1, 125) = 15.96, p < 0.001, ηp2 = 0.11; when VMI controlled F(1, 124) = 13.92, p < 0.001, ηp2 = 0.10]. No other main effects or interactions emerged. Much as in previous ILT studies, the accuracy level did not change with practice (Table 3; Adi-Japha et al., 2011b, 2019; Julius and Adi-Japha, 2015). The comparison of transfer condition to retention testing showed only a main effect of reading and spelling difficulties [F(1, 125) = 7.08, p = 0.01, ηp2 = 0.05; when VMI controlled F(1, 124) = 6.00, p = 0.02, ηp2 = 0.05], indicating that children with reading and spelling difficulties were less accurate both at retention testing and at the transfer condition than were their peers.


TABLE 3. Analyses of ILT erroneous shapes.
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Performance Times

The analysis of ILT performance times (Figure 4) found an overall improvement only [F(3.07, 387.66) = 53.30, p < 0.001, ηp2 = 0.30]. Pairwise comparison indicated improvement during Day 1 (p < 0.001), during Day 2 (p < 0.001), and from end of Day 2 to 2 weeks post-training (p = 0.049). When VMI scores were controlled, the overall improvement became non-significant (see Table 4). In the comparison of transfer condition to retention testing, neither main effects nor interactions were found (Table 4).
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FIGURE 4. ILT Performance times (#sec, mean and standard deviation) in the four groups: HME typical learner, typical learner with high maternal education; HME typical learner, typical learner with high maternal education; LME typical learner, typical learner with low maternal education; HME reading and spelling difficulties, reading and spelling difficulties with high maternal education; LME reading and spelling difficulties, reading and spelling difficulties with low maternal education. The figure depicts the five points in time: TPI (Init Day 1) Initial Day 1: TP2 (End Day 1) end of Day 1, TP3 (24 h) post-training initial of Day 2, TP4 (End Day 2) end of Day 2; TP5 (2 Weeks) and 2 weeks post-training retention testing.



TABLE 4. Analyses of ILT completion times.
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Verbal Learning


Accuracy Performance – Overall, Initial and Benefits of Practice

A 3 (time-points = RAVLT 1, RAVLT 5, RAVLT at 20-min lag) × 2 (ME = low/high) × 2 (reading and spelling difficulties = with/without) mixed-design ANOVA was used to study the effects of ME and reading and spelling difficulties on verbal learning scores. The analysis revealed an overall Time-point main effect [F(1.72, 125) = 328.99, p < 0.001, ηp2 = 0.73], with increase of knowledge with repetitions, but decrease at recall (p’s < 0.001). The analysis further indicated that children of mothers with a higher education overall recalled more at all the study phases [F(1,125) = 5.70, p = 0.02, ηp2 = 0.04] (see Figure 5 and Table 5). To verify that differences between groups did not occur due to differences in short term verbal memory (assessed using the forward digit-span task; Table 1) or lower vocabulary scores, the analysis was repeated, with STM and vocabulary scores used as covariates. This analysis indicated similar effects: an overall Time-point main effect [F(2, 246) = 19.34, p < 0.001, ηp2 = 0.14], with increase of knowledge with repetitions, but decrease at recall (p’s < 0.001) and an advantage for children with higher ME [F(1,123) = 3.95, p = 0.049, ηp2 = 0.03].
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FIGURE 5. Verbal word-learning (accuracy, mean and standard deviation) trajectory in the four groups: HME reading and spelling difficulties, reading and spelling difficulties with high maternal education; LME reading and spelling difficulties, reading and spelling difficulties with low maternal education.



TABLE 5. Analyses of the verbal word-learning task.
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DISCUSSION

This study focused on the effect of ME and reading and spelling difficulties on learning by repetition in a sample of second graders from low-SES families. About 25% of the study sample, second-grade students from two primary schools in a low-SES municipality, were children with reading and spelling difficulties. The sample was equally distributed among children with low or higher ME. A grapho-motor skill learning task (the ILT) and a verbal intentional word-learning task (the RAVLT) were used to study children’s learning by repetition. Previous research suggests that children with impaired reading or with low ME may have deficits in visual-motor as well as verbal learning. In addition to identifying atypical learning patterns, we were particularly interested in whether the effects of ME and reading and spelling difficulties are independent (i.e., implying a greater level of difficulty for children with lower ME and reading and spelling difficulties).

In the current study, children learned the motor and verbal task as expected. As for the ILT, the accuracy level, assessed by the occurrences of surplus segments and erroneous letter shapes, was maintained throughout the task. Production times became shorter with practice during the two training days and improved further by 2-weeks post-training indicating consolidation and retention of the skill (Julius and Adi-Japha, 2015). However, in line with the research hypotheses suggesting lower performance level on motor skills in children with lower ME (Valadi and Gabbard, 2020), these children produced overall more surplus segments. In line with the research hypotheses suggesting lower performance levels on motor skills in children with reading and spelling difficulties (Downing and Caravolas, 2020), children with reading and spelling difficulties produced overall more erroneous shapes. Moreover, children with reading and spelling difficulties had more surplus segments 24-h post-initial training (i.e., at the beginning of Day 2) than they produced at the end of Day 1 training. Vicari et al. (2005) studied the grapho-motor version of the mirror drawing task in children with dyslexia and similarly found worse performance 24-h post-training. Together, these results corroborate the notion of poorer (grapho-)motor performance and atypical (grapho-)motor skill learning in children with reading and spelling difficulties.

On the word-learning task, children improved with training and lost some of the words they learned following the 20-min. delay period, as expected for this declarative-intentional task (Vakil et al., 2010). In line with the research hypothesis, children with lower ME had overall lower recall scores on this word-learning task. No interaction with time-point was found, indicating similar ME differences across the task. van Tetering et al. (2018) reported similar findings on a pictorial verbal learning task. Specifically, lower parental education was associated with lower performance across the task. In the current study children with reading and spelling difficulties had similar recall levels as their peers. These results are in line with the finding of low association between dyslexia and verbal short-term/working memory (Landerl et al., 2013).

Overall, the results of the current study suggest that ME and reading and spelling difficulties affected different components in the learning tasks. In particular, children with low ME and with reading and spelling difficulties had overall poorer performance than their peers with low ME but no reading and spelling difficulties (as on the motor task the former tended to have more erroneous shapes, p = 0.055); However, these children performed in similar to their peers who had reading and spelling difficulties but higher ME on both the motor and the verbal task.


Maternal Education Effects

Our findings indicate that children with higher ME carried out the motor skill learning task (the ILT) with a lower number of surplus segments. Gaps in ILT performance between children of higher and lower ME levels were not significant at the 2-week post-training assessment, but re-emerged at the transfer condition assessed at the same time. The addition of surplus segments characterizes the performance of younger children (Julius and Adi-Japha, 2015), suggesting an overall less mature task performance.

Maternal education may be taken as a proxy for SES. Only one study (Leonard et al., 2015) tested the effect of SES on skill learning, using a probabilistic classification and conducted among adolescents (13–15 years). Leonard et al.’s (2015) study found no significant SES difference, either at the overall performance level or due to learning. These results are similar to the findings of the current study regarding no effect of ME on learning. Differences in overall performance level may have emerged here due to overall lower motor skills in children of mothers with low ME (Dinehart and Manfra, 2013; Africa and van Deventer, 2017; Arrhenius et al., 2018).

Children with higher ME had higher scores on the verbal word-learning task (RAVLT), even when STM and vocabulary scores were used as covariates in the analysis. The declarative-intentional verbal word-learning task involved one session of five learning repetitions followed by a 20-min delayed recall, in which the maternal-education disparities were maintained. Although we were unable to find studies on the effect of SES on verbal learning in children, sustained exposure to poverty and perceived financial difficulty across a 25-year period has been associated with lower performance levels on the RAVLT among adults (Al Hazzouri et al., 2017). Furthermore, 8- to 12-year-olds with higher parental education outperformed their peers on a pictorial word-learning test and, much as in the current study, the differences emerged due to their initial level and did not intensify with practice or at recall (van Tetering et al., 2018).



Reading and Spelling Difficulties Effects

Children with reading and spelling difficulties differed significantly from their peers in performing the motor skill learning task – the ILT. Overall, these participants were spatially less accurate than were their peers as assessed by the number of erroneous shapes. This may be related to their lower visual-motor skills (Costa et al., 2018), although the group difference remained even when the Beery-VMI scores were used as a covariate. The finding of lower accuracy scores on motor tasks is in line with reports of high prevalence of motor difficulties among individuals with reading and spelling difficulties (Downing and Caravolas, 2020).

Furthermore, 24 h after training, these children produced more segments than required and more than their peers. The finding of lower performance scores on a skill-learning task 24 h after training replicates previous results found among older children with reading disabilities (Vicari et al., 2005; Needle et al., 2006; Hedenius et al., 2013), in particular the findings of Vicari et al. (2005), who also studied a grapho-motor task – the mirror drawing task. The finding of an atypical learning curve 24 h post-training may suggest atypical consolidation processes in this group of reading and spelling difficulties children. These consolidation deficits were later remediated either because of additional task repetitions (insignificant group difference at the end of the second day training session) and/or due to additional time in sleep (insignificant group difference at 2 weeks post-training). The atypical learning pattern in this study was found only for the surplus-segments variable, but not for the more general variable of erroneous shapes. The use of surplus segments is associated with basic production difficulties (e.g., in children with DCD; Adi-Japha and Brestel, 2020), and deficits are more common among younger children (Julius and Adi-Japha, 2015), while the overall accuracy measure of erroneous shapes is taken more as a measure of movement planning using spatial guidelines (Adi-Japha and Brestel, 2020). The use of additional segments following a delay period as a unique measure of deficit was reported for kindergarten children (Julius and Adi-Japha, 2015) and is possibly related to a warm-up decrement at the beginning of a new training session, in line with accounts of a decrease in performance due to forgetting of behavioral support structure for the skill following a delay period (Adams, 1952, 1987; Adi-Japha and Abu-Asba, 2014).



Study Limitations

The findings presented above must be considered within the limitations of the study. Our participants came from a low-SES city. This casts doubt on our ability to generalize the findings to other population groups. However, we were specifically interested in the population of children with reading and spelling difficulties among the low-SES population. This study needs to be scaled by sampling more socioeconomic variables, such as schools from different districts and the education, occupation, and income of middle- to -high-SES parents. Furthermore, research on verbal learning among low-SES children is currently lacking, and the tools and methods for such inquiry need to be expanded. Another, more specific, limitation has to do with the tests used to measure verbal learning. The RAVLT measures declarative-intentional word-learning on a single day with a 20-min interval allowed for recalling the word. Although it is a well-used and well-studied test with high validity and reliability, it does not afford a view of the learning curve of long-term memory consolidation and retention. Future studies should consider expanding this metric. While studying performance of children with learning difficulties, it is common to control for potential differences in specific skills. Here we used task- related measures (e.g., Beery VMI for grapho-motor learning, see also Adi-Japha and Abu-Asba, 2014). However, one may also control for the more general measure of full-scale IQ with non-verbal as well as verbal skills in one score, rather than using several measures. The current study pertains to children at probable risk, those in the lowest achievement quartile. These children, who could be described as low achievers, may be better positioned to improve their reading and spelling scores than children with diagnosed disabilities, thus suggesting that the conclusions drawn from this sample may differ from those deduced regarding children with more severe difficulties. Nevertheless, previous studies have found that low achievers in this age group who improve are not necessarily different from their peers on all language or literacy tests (Spira et al., 2005).

In conclusion, our results demonstrate that maternal education influences performance level in the low-SES population, but does not hold back learning, per se. Reading and spelling difficulties, however, were shown here to affect performance accuracy throughout the task and the way the task is learned. Twenty-four hours after training, children with reading and spelling difficulties were less accurate and required more segments to perform a simple grapho-motor task than did their peers – a gap that was closed at retention testing, once the skill was learned and became automatic, 2 weeks later. These findings suggest that young children in low-SES environments, at probable risk of reading and spelling difficulties, might have an atypical learning pattern, and therefore, need individually tailored learning programs and appropriate guidance and support. Importantly, ME and reading and spelling difficulties had specific effects – with ME effects being more diverse (affecting both tasks), thus requiring early support. Finally, this study contributes to the growing literature about children’s learning patterns and calls for future studies that will promote the use of assessments through repetitive learning tasks.



Theoretical Aspects

One main objective of the study was to find associations between skill-learning and literacy acquisition – as evidenced by the presence of reading and spelling difficulties – among children from a low-SES background who have higher or lower ME. Clear association between skill-learning and literacy acquisition is currently lacking, and conflicting findings have been reported (West et al., 2018). The findings reported here corroborate the notion of overall lower motor performance in children with reading and spelling difficulties, especially those with lower ME. Furthermore, the current findings stress an atypical skill learning curve, as assessed using a grapho-motor task, in children with reading and spelling difficulties coming from low-SES backgrounds. The findings suggest that differentiation among learners’ ME backgrounds, can add to previous work in the field (e.g., Ullman, 2001, 2004; Ullman and Pierpont, 2005; Berninger, 2009; Berninger et al., 2012, 2015a, b; Nicolson and Fawcett, 2019; the recent work of Julius and Adi-Japha, 2015, 2016; and others).



Practical Aspects

The children included in this study came from a relatively disadvantaged population and were defined as typical learners or at risk of literacy disorders. The latter may have been diagnosed as children with specific learning disorders (SLDs) later on. Children from disadvantaged populations may have a lower initial starting point in terms of declarative memory (Leonard et al., 2015), verbal capabilities (Spira et al., 2005), and fine motor abilities (Arrhenius et al., 2018), as this study has verified. The findings suggest that children from disadvantaged populations – and in particular those among them who have mothers with a lower education level – require early support both in the linguistic and in the motor domain. This may be achieved through age-appropriate play activities (e.g., Adi-Japha and Freeman, 2000; Freeman and Adi-Japha, 2008; Adi-Japha et al., 2010; Bloma et al., 2021). Implications for children with reading and spelling difficulties emerging from this study are that these children require ongoing support during school learning not only for literacy learning but also when learning motor-related tasks. Finally, this work contributes to the growing literature about the learning patterns of children from low-SES backgrounds, calling for future studies on subpopulations within this heterogeneous population.
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