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Editorial on the Research Topic
 Are there different types of child-directed speech? Dynamic variations according to individual and contextual factors




Child-directed speech (CDS) is the particular voice register observed in the majority of caregivers during interaction with their infants and children. CDS represents a crucial part of the dyadic caregiver-child interaction, and its prosodic, lexical, syntactic, and functional characteristics are associated with several outcomes such as infant attention, engagement, linguistic acquisition, and affect transmission and sharing (Fernald and Kuhl, 1987; Hoff and Naigles, 2002; Saint-Georges et al., 2013; Rowe and Snow, 2020).

From a dynamic perspective, the specific features and modifications over time of CDS may be considered a way caregivers adjust their input to children's development and achievements during interactions (Soderstrom, 2007; Golinkoff et al., 2015). It is through these social exchanges that, in turn, CDS stimulates children's socio-cognitive development. However, individual fluctuations in CDS characteristics are documented (D'Odorico and Jacob, 2006). These variations—which are not necessarily adaptive or non-adaptive—could be determined by the dynamic interaction among contextual and individual factors.

The current Research Topic brings together researchers working on exploring CDS from this perspective by analyzing specific linguistic and prosodic characteristics of CDS, how these are affected by individual, dyadic, and contextual factors, and the role of those variations in child development.

The importance of considering CDS by focusing on its role in the dyadic exchanges is transversal to all the studies collected in this Research Topic. When exploring CDS universality across cultures and contexts (see Soderstrom et al. and Sarvasy et al.), the findings evidence that even if some elements of CDS appear similar across different languages and cultural contexts, each language has its specific characteristics. These peculiarities appear to be related to the peculiarities of the caregiver-child interaction, which can be influenced by the caregiver's cultural background and practices.

Other studies underlined the importance of considering the role of the child in dyadic exchanges. Fetus-directed speech is influenced by fetal movements, interpreted by mothers as the participation of the fetus in the social interaction (see Parlato-Oliveira et al.). This reciprocal influence is not generic, but specific to the different characteristics of CDS. At 12 months, during interactive turns, the caregiver's IDS phonetic complexity negatively influences the infant's vocalization (see Marklund et al.). The age of the child is a relevant variable in this process. The 10 studies covered different child developmental ages, from fetal to school age, showing how the important characteristics of CDS to explore are different, as are the different competencies and needs of the child. Studies with different time points confirmed that CDS varied over infancy and childhood (see Gram Garmann et al.), adapting to the infant's and children's communication abilities. These variations play an important role in later language development in children (see Cychosz et al.).

Child language development was shown to be influenced by the ability of the caregiver to adapt CDS to the contingent needs of the child over time. For example, maternal circumstances (i.e., parenting stress), dyad aspects (i.e., quality of co-regulation) as well as infant specific circumstances (i.e., preterm birth; see Spinelli et al.). Again, CDS varies according to the specific characteristics of the actors in the dyadic interaction. These variabilities are not always interpreted as different from normative CDS, but as specific adaptations of maternal speech to the infant's needs and communication abilities. Adaptations can be more or less appropriate according to the characteristics of the dyad. It is within environmental and individual risk contexts that the last two studies in this Research Topic illustrate the characteristics and effectiveness of interventions aimed at improving caregivers' CDS to promote, in turn, children's linguistic development (see Hindman et al. and Suttora et al.).

These 10 studies together positively answer the main question of this Research Topic: Are there different types of CDS? CDS was proved to be a dynamic construct, not stable, with variations in the function of the dynamic needs of the dyadic interaction. From this point of view, when studying CDS, the individual role of the child as an interactive partner should be always considered, from the first fetus-caregiver to the teacher/caregiver in interactions with school-aged children. To this extent, going beyond the communicative role of the child (i.e., considering linguistic comprehension and production abilities), researchers should take into account the complexity of the child as an individual with all his/her emotional, interactive, and cognitive abilities. At the same time, the adult should be considered in their complexity as an interactive partner, who uses CDS as an interactive modality with the aim not only to transmit language but also to communicate emotions, affect, and knowledge. Through this lens, considering the caregiver's individual characteristics, such as wellbeing and culture becomes necessary. All these elements dynamically influence each other in the dyadic interactive experience.

This point of view also affects how we should study the impact of CDS on child development. The multifarious peculiarities of CDS imply that CDS might have multifarious purposes, presuming it affects not only a child's linguistic competencies but also several other developmental aspects. We highly encourage more longitudinal studies on this point. It is with such studies that scientific knowledge could gain more information to develop suitable intervention programs to promote the best child development.

In conclusion, the present Research Topic successfully collected contributions from researchers and clinicians, evidencing the importance of looking at CDS from a dynamic perspective and considering the interaction of individual and contextual factors. This is possible only if there is a virtuous integration of expertise between linguistic, emotional, cognitive, and clinical frameworks. Planning studies within this perspective is a future challenge that will advance scientific knowledge in directions that could strongly affect our ability to provide novel knowledge on CDS and hence shape efficient preventive and intervention strategies to promote its quality and its impact on child development. The present Research Topic is the first step forward in this direction.
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Introduction: Motherese, or emotional infant directed speech (IDS), is the specific form of speech used by parents to address their infants. The prosody of IDS has affective properties, expresses caregiver involvement, is a marker of caregiver-infant interaction quality. IDS prosodic characteristics can be detected with automatic analysis. We aimed to explore whether pregnant women “speak” to their unborn baby, whether they use motherese while speaking and whether anxio-depressive or obstetrical status impacts speaking to the fetus.

Participants and Methods: We conducted an observational study of pregnant women with gestational ages from 26 to 38 weeks. Women were recruited in a university hospital department of obstetrics. Thirty-five women agreed to participate in the study, and 26 audio records were exploitable. We collected obstetrical and sociodemographic data, pregnancy outcomes, anxiety and depressive status using the Covy and Raskin Scales, and life events using the Sensations During Pregnancy and Life Event Questionnaire. Each participant was left alone with an audio recorder with a recommendation to feel free to speak to her fetus as she would have done at home. The recording was stopped after 3 min. Audio recordings were analyzed by two methods: psycholinguist experts' annotation and computational objective automatic analyses.

Results: Most mothers (89%) reported speaking to their fetuses. We found a correlation between maternal first perceptions of fetal movements and the start of mother's speaking to fetus. Motherese prosody was detected with both annotation and automatic analysis with a significant correlation between the two methods. In this exploratory study, motherese use was not associated with maternal anxiodepressive or obstetrical status. However, the more future mothers were depressed, the less they spoke with their fetuses during the recording.

Conclusion: Fetal directed speech (FDS) can be detected during pregnancy, and it contains a period of prosody that shares the same characteristics of motherese that can be described as prenatal motherese or emotional fetal-directed speech (e-FDS). This means that pregnant women start using motherese much earlier than expected. FDS seems to be correlated with maternal first perceptions of fetal movements and depression scores. However, more research is needed to confirm these exploratory results.

Keywords: motherese, prenatal, mother-fetus interaction, fetal-directed speech, machine learning, social signal processing


INTRODUCTION

Infant-directed speech (IDS) or motherese is a specific register, which includes peculiar prosodic characteristics, that parents or caregivers often use when speaking to infants (Fernald and Simon, 1984; Fisher and Tokura, 1995; Spinelli et al., 2017). The use of motherese progressively increases as the baby grows and then usually decreases and disappears when the child becomes able to communicate verbally (Saint-Georges et al., 2013). IDS has been studied extensively across a number of interactive situations and contexts, especially by researchers interested in understanding language acquisition. IDS is also a marker of the parent infant interaction quality. Motherese characteristics have been shown to be linked with emotional prosody characteristics (Trainor et al., 2000). Behavioral studies have shown that infants prefer and respond better to motherese than to regular prosody, typical of adult directed speech (Fernald and Kuhl, 1987; Dupoux and Mehler, 1990; Saint-Georges et al., 2013; Outters et al., 2020). IDS has affective properties, expresses parental involvement, and contributes to regulating caregiver-infant interactions (Cohen et al., 2013). Thus, IDS is part of an interactive loop that may play an important role in infants' cognitive and social development (Saint-Georges et al., 2013). Experimental data suggest that very young infants in their first month of life (Cooper and Aslin, 1990; Cooper, 1993) or in their first week (Ramus, 1999) and even neonates (Saito et al., 2007) are sensitive to this prosody.

The in utero period has been less explored. A recent study (Bartha-Doering et al., 2019) suggested that neural discrimination of speech begins in utero. Some reports also show that future mothers speak to their fetus (DeCasper et al., 1994). In addition, parents observing their fetuses during ultrasound prenatal screening were shown to present mirroring movement activities (Ammaniti et al., 2010). These studies suggest that motherese may already be present in the prenatal period and may be associated with mother involvement and emotional tone regarding prenatal interactions. However, motherese has not been clearly demonstrated during the prenatal period.

With the development of automatized methods of social signal processing, machine-learning methods can now detect the acoustic characteristics of emotional speech, such as motherese, in the human voice. It can distinguish motherese sequences from adult-directed speech (Mahdhaoui et al., 2011). Traditionally, the design of computerized classifiers aims to capture supra-segmental features like pitch (fundamental frequency), duration, energy of vocalizations as well as global dynamics of spectrum (Williams and Stevens, 1972; Sherer, 1986; Chetouani et al., 2014). Mel frequency cepstral coefficients (MFCC) capture short-term dynamics of spectrum and are termed segmental features. The motherese detection algorithm system exploits the combination of two classifiers, segmental and supra-segmental, that are weighted and fused to reach best classification rates (Mahdhaoui et al., 2011). Previous works have shown that these methods can contribute to exploring parent-infant interactions in video/audio recordings in natural or experimental settings (Cohen et al., 2013; Weisman et al., 2016; Bourvis et al., 2018). Moreover, these automatic analyses of motherese have contributed to state the universality of the emotional prosodic characteristics of IDS across languages (Parlato et al., 2020).

Here, we describe an exploratory observational study based on interviews and audio recording of volunteer pregnant women with the following aims: (1.1) to determine whether pregnant women speak to their unborn baby, (1.2) if so, to determine, if they speak using motherese prosody or not, with two methods (1.3) with prosody analyzed by clinical experts, and (1.4) using computational analysis of speech with machine learning method. In addition, (2) we will assess if prenatal stress, obstetrical or fetal complications, and future mother emotional state would influence the quantity and characteristics of mother's prosody (Watson et al., 2002; Viaux-Savelon et al., 2012).



METHODS


Participants and Ethics

From September 2013 to January 2014, we proposed to pregnant women attending the prenatal clinic of the Pitié-Salpêtrière University Hospital in Paris, France, to participate in a survey on maternal speech. They received oral and written information explaining that their participation would require filling out self-questionnaires, answering questions related to their emotional status, and being audiotaped when speaking to their future baby. The study was approved by the local Ethical Committee (CPPIDF6) under the number n°09012014. All participants gave a written consent. The inclusion criteria were mothers aged 18 or above, with a gestational age of 26–38 weeks, and able to understand the protocol. Indeed, during this period of pregnancy, future mothers are less concerned by the fetus viability. They begin preparing their meeting and relationship with the future child with more dreams and more detailed representations about the future baby (Ammaniti et al., 2000). Provided women were fluent in French, they could be included even if French was not their native language. Exclusion criteria were mental disorders and absence of health coverage according to the French ethical rules that require that studies be carried out only on people with health coverage. The mental disorder information were extracted from the obstetric record. Mental disorders were considered to be present if the pregnant woman was cared or treated for mental disorder by specialist before the pregnancy.



Data Collection
 
Clinical Data Collection

We collected several clinical variables. Social and demographic characteristics included age, parity, marital status, native language, education level, and occupation. We also assessed life events using the Sensations During Pregnancy and Life Event Questionnaire (Tordjman et al., 2004). Fetal-oriented interaction variables included gestational age when the pregnant women reported spontaneous moment of speaking to their infant to come and the gestational age they started perceiving fetal movement. To assess maternal anxiety-depression status, we used two specific scales. Maternal anxiety was assessed using the Covi anxiety scale, a questionnaire completed by the investigator (EP), based on clinical assessment. This score ranges from 0 (no anxiety) to 12 (high anxiety), with a threshold of six defining clinically relevant anxiety (Covi, 1986). Depression was assessed using the RASKIN score based on clinical assessment. This score ranges from 0 (no depression) to 12 (high depression), with a threshold of six defining clinically relevant depression (Raskin and Crook, 1976). In case of clinically relevant depression or anxiety, we planned that the investigator would warn the doctor or midwife in charge of the patient to organize adequate follow-up.

Finally, we retrospectively recorded medical history and obstetrical outcomes after birth based on obstetrical and neonatal records by professionals who were blinded to the audio analysis. Variables are listed in Table 1 (pregnancy and delivery sections). Breastfeeding initiation was collected as some studies have pointed out that stress events during pregnancy may influence breastfeeding initiation or duration (Evers et al., 1998; Figueiredo et al., 2013).


Table 1. Description of study participants N = 35.
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Audio Data Collection and Analyses

After the questionnaires were completed, the investigator invited the participant to sit in a quiet room, independent of the prenatal clinic suite. The participant was left alone with a recorder (Zoom recorder AT170 PRO-Sony) lying on a nearby table. She was asked to feel free to speak or not to her baby, as she would have done at home. The mother was taken to a quiet room with a comfortable chair and invited to speak with her fetus, if only she wanted to. The interviewer would turn on the recorder and leave the room, so as not to intimidate the mother and allow the environment to be as close as possible to the mother's usual situation with her fetus. The recording was stopped after 3 min. Audio recordings were analyzed at two levels: (i) maternal vocalization characteristics (low-level features) and (ii) affective speech analysis (high-level audio features).



Maternal Vocalization Characteristic

During a dialogue or a monolog, vocalization can be characterized by a series of quantitative parameters that allow describing the features and their dynamics. For our survey, we adapted this method to the monolog uttered by the mother, making the hypothesis that what we recorded was the equivalent of a dialogue between the mother and her unborn child. We first segmented and annotated the mothers' vocalization based on the Weisman et al. (2016) method. Two experts (EP and IR), one linguist and one speech therapist, listened to every 3-min recording. Using the ELAN EUDICO Linguistic Annotator (Institut Max-Planck, Nimègue, Nederland), they worked together to split them into segments of vocalization defined as continuous streams of speech with <150 ms of silence. Then, they labeled each segment as vocalization, laughing, singing, crying or other sounds. The maternal vocalizations consisted in the mother's recorded sound production directed or not to the fetus. For examples: “I'm very tired,” “I can't wait to see you,” “My baby, your room is ready, we await you with love,” “I am afraid about childbirth.” Maternal vocalization, maternal pause, and silence were extracted using an automated algorithm (for details see Bourvis et al., 2018). It calculated the duration of each segment and the amount of pause time within each 3-min recording, corresponding to the sum of silences >150 ms between two segments. Thus, we obtained the maternal vocalization mean duration, the vocalization number during the 3-min window, the maternal pause mean duration and the vocalization ratio of time during the 3 min.



Affective Speech Analysis

Each speech segment labeled “vocalization” by the experts was extracted as a digital audio sample, stored and submitted to affective speech analysis based on high-level audio features. The goal of this analysis was to categorize each vocalization as “motherese,” based on the presence of the emotional component of IDS, vs. “non-motherese,” which refers to prosody more typical of adult directed speech. This was achieved by two methods: expert evaluation by listening to the audio samples of the segments labeled “vocalization” and computational automatic assessment of the same digital samples.

For the manual qualitative annotation, the two experts (EPO and IMP) worked independently to assess the presence of motherese characteristics in each vocalization segment. Interrater agreement between the two independent raters was calculated on the whole sample of vocalizations and was found to equal 80%. In case of disagreement, they listened again together to the remaining segments with no agreement (20%) and reached a consensus. This method allowed us to obtain a unique manual label for each vocalization segment.

Automated labeling for motherese or non-motherese was performed using an ad hoc algorithm developed in the ISIR (Institut des Systèmes Intelligents et de Robotiques) laboratory in Paris. This motherese classifier, based on machine learning methods, uses both segmental (mel-frequency cepstrum coefficients, MFCCs) and suprasegmental (e.g., statistics with regard to fundamental frequency, energy, and duration) acoustic characteristics of speech and SVM (support vector machine) classifiers. The algorithm classifier was trained on a data set of both motherese and non-motherese. It can distinguish emotional sequences of motherese from normal speech (Mahdhaoui et al., 2011). In previous studies, it was able to identify motherese during early interaction in both experimental (Weisman et al., 2016; Bourvis et al., 2018) and natural settings (Cohen et al., 2013), in both mothers and fathers (Cohen et al., 2013; Weisman et al., 2016; Parlato et al., 2020), in various languages (Parlato et al., 2020), and in parents speaking to infants with later psychopathology (e.g., autism, Cohen et al., 2013).

Both motherese detection methods created two subclass labels of maternal vocalization: “motherese” labeled Emotional Fetal-Directed Speech (e-FDS) vs. “non-motherese” (non-e-FDS). Three variables were derived: e-FDS ratio during the 3 min, non-e-FDS ratio during the 3 min, and e-FDS/vocalization ratio (duration of “motherese” vocalization/duration of maternal vocalization).




Statistical Analysis

Statistical analyses were performed using R Software, Version 2.12.2. For all tests, the level of significance alpha was fixed at 5%. Given the sample size and the exploratory nature of the study, we used univariate analysis only. Quantitative variables were presented as the mean, standard deviation, and range. Qualitative variables were presented as frequencies.

First, we explored the correlation between maternal first perception of fetal movements and first vocalizations to the fetus.

We then successively estimated the relationship between:

(i) Variable “Vocalization ratio of time during the 3 min” and the following variables: “depression score” (score Raskin), “anxiety score” (score Covy), “life events” and “fetal risk”.

(ii) Variable ratio Emotional-Fetal Directed Speech (e-FDS)/vocalization according to psycholinguist expert and the following variables: “depression score” (score Raskin), “anxiety score” (score Covy), “life event” and “fetal risk”.

The relationship between two continuous variables was either tested using Pearson r or Spearman rho, depending on the validity of the assumptions. The relationship between a continuous and a binary variable (fetal risk) was either tested using the Welch t-test or Wilcoxon rank sum test, depending on the validity of the assumptions. Finally, we estimated the agreement between our experts' measures and the algorithm's measures using ICC (single random raters, ICC2) and calculated the 95% confidence interval (R psych package).




RESULTS


Flow Chart

One hundred forty-five pregnant women were considered eligible from September 2013 to January 2014. Thirty-five of them agreed to participate in the study and were enrolled. Four women participated in the clinical part of the study but did not record audio data; five audio records were not exploitable because of technical difficulties. Thus, 26 audio records were used for analysis. The most frequent reason declared by the invited mothers to decline the participation to the research was the lack of available time, considering that the interview needed at least 1 h and 30 min. Indeed in order to avoid displacements, we proposed the study to mothers who were already present at the Hospital for a pregnancy consultation.



Description of the Sample (N = 35)

Table 1 summarizes the study sample in terms of socio-demographics, life events and pregnancy risk factors, delivery, psychopathology and fetal-oriented interaction variables. Mothers presented a high number of life events and significant obstetrical (60%) and medical (65.7%) history: endocrinologic conditions (N = 7), multisystemic pathologies (N = 3), neurologic disorders (N = 4), psychiatric disorders (N = 2), uterine anomaly (N = 2), social precariousness (N = 2), and cardiac anomaly (N = 1). Regarding fetal risk, we found trisomy 21 risk (N = 3), intrauterine growth retardation (N = 2), premature delivery threats (N = 2), cardiovascular anomalies (N = 1), drug exposure (N = 1), and prior history of neonatal death (N = 1). This could be related to recruitment inside a free public university hospital in a maternity unit specializing in complex cases.

Nevertheless, our sample presented a low mean level of anxiety and depression scores and a high percentage of breastfeeding compared to the French general population (68.1–70.5% in the general population with 59% exclusive breastfeeding https://drees.solidarites-sante.gouv.fr/IMG/pdf/dt68-sources_et_methodes.pdf; Kersuzan et al., 2014).



Analysis of Fetal-Oriented Interaction Variables (N = 35)

Mothers declared to start speaking or vocalizing to their fetus on average at 3.63 (±1.64) months during pregnancy. Additionally, they started perceiving fetal movement on average at 2.83 (±1.89) months during pregnancy. We found a significant correlation between speaking to the fetus and perceiving fetal movements (Figure 2, right).

Regarding audio analyses, only 26 mothers were included because of technical issues (see Figure 1 flow chart). For low-level audio analysis (quantitative speech analysis), a total of 856 vocalization segments (mean vocalization number = 32.92) were detected. The duration of the vocalizations ranged from 0 to 3.95 s during the 3-min audio record (Table 2). The vocalization ratio (vocalization time during the 3 min) ranged from 0 to 65%. Indeed, two mothers did not speak during the 3-min recording.
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FIGURE 1. Flow chart of recruitment.



Table 2. Maternal vocalization characteristics during the experiment (N = 26).
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Regarding high-level audio analysis (qualitative affective speech analysis), two complementary methods were performed: a qualitative manual annotation of maternal vocalization to the fetus by two expert psycholinguists and an automatic classification. In both clinical expert and automatized classifications, we found that pregnant women when speaking to their fetus (FDS) used sometimes a specific prosody that usually characterized motherese (or emotional IDS), which we called emotional fetal directed speech (e-FDS). We called the FDS without motherese characteristics “non-e-FDS.” The automatic classification yielded a mean e-FDS ratio during the 3 min of 0.12, whereas the expert classification found a mean e-FDS ratio during the 3 min of 0.14 (Table 2). Figure 2 (left) shows the strong and significant correlation between expert and automatic classification on e-FDS recognition. We also calculated the intraclass correlation (ICC) between the “two” raters (the expert and the algorithm) and found a good and very significant ICC (ICC = 0.79 (95% CI: 0.59–0.90), p < 0.001).


[image: Figure 2]
FIGURE 2. Correlations between expert and automatic classification of emotional fetal directed speech (e-FDS, left) and between speaking to fetus and perceiving fetal movements (right).




Correlation of Maternal Audio Data With Maternofetal Characteristics and Anxiety Depression Status (N = 26)

Given the limited sample size, we used only exploratory univariate analysis to address whether some stress or psychopathological variables could influence the ability to produce e-FDS. We found no association between speaking to the fetus (whether prosody had characteristics of e-FDS or not) and being a fetus at risk during pregnancy (correlation ratio = 0.36 (±0.2) and 0.33 (±0.2), respectively, t-test, p = 0.69).

Figure 3 shows the correlation between the speaking-to-fetus ratio and the Covy anxiety score, Raskin depression score and number of maternal stressful events. As shown, we found no correlation with the Covy anxiety score, a tendential negative correlation with the number of maternal stressful events, and a significant negative correlation with the Raskin depression score (ρ = −0.4, p = 0.046), meaning that the more the future mothers were depressed during pregnancy, the less they spoke to their fetuses during the experiment.


[image: Figure 3]
FIGURE 3. Correlations between speaking to fetus and Raskin depression score (upper left), Covy anxiety ratio (upper right) and number of mother stressful life events.


We performed the same analyses using only the e-FDS/vocalization ratio. None of the variables modulated the e-FDS/vocalization ratio, meaning that the impact of the Raskin depression score was on speaking to the fetus as a whole whether the pregnant women had e-FDS prosody or not. However, there was a trend toward a negative correlation between the e-FDS/vocalization ratio and the number of maternal stressful events (rho = −0.421, p = 0.072).




DISCUSSION


Can We Define Emotional Fetal Directed Speech (e-FDS)?

To answer this question, we proposed to address two different issues: (1) Is the mother speaking to the fetus during the experiment truly oriented toward the fetus? And (2) does FDS include some sequences that share the same prosodic characteristics of postnatal IDS (motherese)?

To address this first question (Is the mother speaking to the fetus during the experiment truly oriented toward the fetus?), we explored whether the pregnant women reported spontaneous moments of speaking and vocalization with their infant to come. For the mothers who reported doing so (n = 26), mothers started speaking or vocalizing with their fetus on average at 3.63 months during pregnancy (Table 1). Additionally, they started perceiving fetal movement on average at 2.83 months during pregnancy. This means that they could feel physically the existence of their fetus before they reported speaking to their fetus. Given the significant correlation between speaking to the fetus and perceiving fetal movement gestational ages (Figure 2, right), we can hypothesize that speaking to the fetus was indeed oriented toward the fetus. This result supports the hypothesis of a preliminary dialogue between future mothers and their fetus, as shown when mothers observed fetal movements during ultrasound scans that were interpreted by mothers as a response or solicitation from the fetus. Mirroring movements were seen as motor turn taking (Ammaniti et al., 2010). We believe that the current results on e-FDS are in the same vein and support the idea that prenatal development influences maternal infant attachment (Ammaniti et al., 2014; Feldman, 2016; Malm et al., 2016) and maternal representations of her future child (Viaux-Savelon et al., 2012, 2020).

Regarding the second question (do pregnant mothers sometimes use a motherese prosody (or here e-FDS) when speaking to their fetus?), our results show that futures mothers can use motherese prosody in their fetal-directed speech. The “manual” study of acoustic components of the voice takes a very long time and only allows the study of very short voice segments. The use of an automatic classifier allows extensive study of all vocalizations based on their acoustic characteristics and open perspectives for larger studies, and the machine learning classifier remains blind to the experiment or context. In this study, in addition to the expert “manual” categorization, the presence of e-FDS is confirmed by automatic measures that are strongly objective. Indeed, we found a strong and significant correlation between expert and automatic classification on e-FDS recognition (ρ = 0.87 p < 0.01) and a good and very significant ICC between expert and algorithm [ICC = 0.79 (95% CI: 0.59–0.90), p < 0.001]. This methodology of motherese detection using an algorithm has already shown robustness, as we have been able to distinguish motherese in early interaction with children with pathological outcome (Cohen et al., 2013), with both mothers and fathers (Weisman et al., 2016), and in five different languages (Parlato et al., 2020). Here, automatic annotation was useful to confirm that the prosody used during FDS shared the same characteristics of motherese. Manual and automatic labeling comparison realizes a validation of the two methods.



Does Maternal Anxiety Depression Status Influence the Quality and Quantity of Fetal Directed Speech?

As expected, despite the limited sample size, the results show that the more the future mothers were depressed during pregnancy, the less they spoke to their fetuses during the experiment (Figure 3). We also found a tendency for a significant negative correlation between stressful life events and the speaking-to-fetus ratio (p = 0.69). These results are contingent with previous studies that have shown the impact of maternal prenatal states. Prenatal stress, particularly concerning prenatal diagnosis, increases the level of anxiety, disrupts the emotional investment of the parents toward the fetus (Watson et al., 2002; Petersen and Jahn, 2008; Kaasen et al., 2010) and disrupts parent-infant interactions after birth (Viaux-Savelon et al., 2012). In addition, pregnant women with depressive and anxiety symptoms talk and sing less to their fetuses (Hernandez-Reif et al., 2018).

Regarding fetal-directed speech quality (e-FDS or fetus-directed motherese), we found only a trend toward a negative correlation between the e-FDS/speaking to fetus ratio and the number of maternal stressful events. Thus, a high number of stressful events may reduce mothers' affective involvement with their future infant. We know that depressed mothers of young infants are not only less likely to speak with them (Herrera et al., 2004) but also more likely to display a reduced prosody of motherese with them (Bettes, 1988; Kaplan et al., 2001). Moreover, even when depressed mothers produce motherese, their infants fail to learn in response to their own-mother infant directed speech, despite normal competence (Kaplan et al., 1999, 2002). In our study with fetuses, we found that depressed mothers speak less to their fetus, but we did not find a correlation between depression score and e-FDS ratio. However, we cannot exclude that motherese quality could be poorer and less able to prepare language acquisition. As suggested in a recent study (Bartha-Doering et al., 2019), neural discrimination of speech could begin in utero. So we could expect that depression during the end of pregnancy may have repercussions on the first steps of language acquisition. However, given the small size of our sample and the exploratory nature of the study, we cannot conclude, and further studies with larger samples would be helpful.

Anxiety and depression status and a high level of stressful life events influence at least the quantity of fetal directed speech. Therefore, the quantity of fetal directed speech may be a sign to consider when detecting depression during pregnancy. Indeed, supporting these mothers in their investment toward the fetus and the future infant is compulsory for the prevention of later psychopathology (Mazzeschi et al., 2015; Røhder et al., 2020).

Finally, we found no significant association between speaking to the fetus (whether prosody had characteristics of e-FDS or not) and having a fetus at risk during pregnancy. This was not our hypothesis. However, the mothers' and fetuses' medical and obstetrical history of our population is very heterogeneous in this small sample size, and all risks may not be similar. In addition, the gestational age of the stressful event could also influence the impact on maternal representations and involvement. Again, a larger study would be necessary to better explore these factors with a comparison group according to the type of stress factor (e.g., mother complication/fetal complication/others) (Viaux-Savelon et al., 2012, 2020; Pisoni et al., 2016; Cuijlits et al., 2019).



Study Limitations

As noted above, our sample was scarce (N = 26) and did not permit us to draw conclusions regarding the effects of various complex factors, such as maternal anxiety depression status or fetus risk. As many women declined participation in the study, we must discuss whether future mothers who agreed to participate could be more susceptible to speaking to their fetus than future mothers who declined participation. This study is only exploratory and used an experimental context. We also need to confirm that speaking to fetus also occurs spontaneously in more ecological contexts (e.g., at home). This might be achievable with automatic recording using portable devices for example. Additionally, we did not perform multivariate models to explore how relevant variables are robustly correlated or not. Nevertheless, it is important to note that one mother who declared before the audio recording she did not usually speak to her fetus actually spoke a lot to her during the recording. This may suggest that speaking to her fetus may be a widespread phenomenon.




CONCLUSION

Fetal directed speech (FDS) can be detected during pregnancy, and it contains a period of prosody that shares the same characteristics of motherese that can be described as prenatal motherese or emotional fetus-directed speech (e-FDS). This means that pregnant women start using motherese much earlier than expected. FDS seems to be correlated with maternal first perceptions of fetal movements and depression scores. Although this study was exploratory, our results show that the more future mothers were depressed, the less they spoke to their fetuses during pregnancy. Therefore, the quantity of fetal directed speech may represent a useful sign for clinicians to detect prenatal depression and maternal involvement during pregnancy. However, more research (e.g., larger sample; prospective design with several timeline measures during pregnancy) is needed to confirm these exploratory results. Automatic audio detection and social signal processing should enable larger studies that explore prenatal emotional involvement with future infants.
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In this paper, we investigate a prosodic-phonetic feature in child-directed speech within a dynamic, complex, interactive theoretical framework. We focus on vocalic intrusions, commonly occurring in Norwegian word initial consonant clusters. We analysed child-directed speech from nine Norwegian-speaking mothers to their children, aged 2;6, 4, and 6 years, and compared the incidence and duration of vocalic intrusions in initial consonant clusters in these data with those in adult-directed speech and child speech. When viewed overall, vocalic intrusion was found to be similar in incidence in child- and adult-directed speech. However, closer examination revealed differential behaviour in child-directed speech for certain conditions. Firstly, a difference emerged for one particular phonetic context: While vocalic intrusions in /Cr/ clusters are frequent in adult-directed speech, their presence is near-categorical in child-directed speech. Secondly, we found that the duration of vocalic intrusions was longer in child- than in adult-directed speech, but only when directed to 2;6-year-olds. We argue that vocalic intrusions in child-directed speech may have both a bonding as well as a didactic function, and that these may vary according to the age of the child being addressed.
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INTRODUCTION

In infant- and child-directed speech (IDS and CDS), adults are known to adjust their speech in various ways. For example, IDS and CDS have shorter and less complex sentences (Snow, 1972) with fewer false starts and hesitations. Adults repeat their utterances more to 2-year-olds than to 10-year-olds (Snow, 1972), place key words at the end of an utterance, or sometimes in isolation, and produce them with more emphatic stress (Aslin et al., 1996). On a phonological level, IDS and CDS are reported to be generally more exaggerated in their intonation with a higher pitch and wider pitch range, and are slower in tempo (Cruttenden, 1994).

In a recent review article, Wang et al. (2018) discuss acoustic properties of IDS, that is, speech to children younger than 24 months. They report that a large body of literature shows that prosodic modifications such as higher pitch, larger pitch variability, slower tempo and longer vowel duration are attested in IDS when compared to ADS across a wide range of languages (Cristià, 2013). Concerning segmental properties, they report fewer studies and the findings are more mixed, possibly due to differences between languages. For instance, Kuhl et al. (1997) have reported a more expanded vowel space in IDS than in ADS (for American English, Russian and Swedish), indicating hyperarticulation, while others have found a reduced vowel space (Benders, 2013, for Dutch and Englund and Behne, 2006, for Norwegian), suggestive of hypoarticulation. For the Norwegian vowels /æ(:), ø(:), o(:), y(:), ʉ(:), e(:)/, Englund (2018) also found evidence for hypoarticulation in IDS compared to ADS, for example with more front articulation and less lip protrusion in IDS; the lack of rounding was possibly attributable to mothers smiling to their infants when talking to them. For consonants, VOT values have been found to increase (Englund, 2005, for Norwegian), to be maintained (Baran et al., 1977, for English) or to decrease (Sundberg and Lacerda, 1999, for Swedish) in IDS compared to ADS. Some studies have found consonants to be more clearly articulated in IDS than in ADS (Cristià, 2010; Dilley et al., 2014, for English), while the opposite has also been found (Martin et al., 2015, for Japanese).

Wang et al. (2018) lay out how IDS changes over time as the child develops and note that parents adjust both to the child’s chronological age, and also, in the case of cochlear implantation in children with hearing loss, to their peers matched in hearing experience. They conclude therefore that parents may modify their speech to children to adapt to the latter’s needs. When children are still young infants, prosodic exaggeration may be more important, while later on, it may be that other linguistic information, like segmental information, is of higher value to the child. Some characteristics of IDS disappear already during the child’s first year, while other characteristics may persist over a longer time span. Rattanasone et al. (2013) showed that IDS-specific tonal characteristics of Cantonese-speaking mothers’ speech to their infants had already disappeared at 12 months, whereas for example Stern et al. (1983) showed that the tonal characteristics of IDS in American English diminished over time, but that there were still differences between CDS and ADS at 24 months.

The findings of Wang et al. (2018) relate to IDS, that is, to speech addressed to infants in the earliest stages of their development. Although the literature is sparser on CDS than IDS, there is evidence that adults speak differently to children even when they are older than 24 months. In a study comparing mothers’ speech to children aged 2, 4, and 6 in Catalan, English and Spanish to speech addressed to adults, Payne et al. (2010) found that speech was both proportionally more vocalic and containing more even-timed vocalic intervals in CDS than in ADS, characteristics that were shown to mirror those of the children’s own speech. They also reported that these characteristics in the CDS did not change across the child age-span covered. Poulain and Brauer (2018) examined different aspects of child-directed communication to German children aged between 2 and 6 years: mean length of utterance, pointing, and variability of pitch. They found that the mothers adapted their behaviour to the advancing abilities of their children. As to prosody, variability of pitch decreased with age: there was a significant difference between ADS and CDS at 2, 3, and 5 years, but not at 6 years, so this phonetic adaptation disappeared sometime between 5 and 6 years. Comparing mothers’ and fathers’ speech to 2- and 5-year-olds with ADS, Warren-Leubecker and Bohannon (1984) found that mothers adopted a higher pitch when speaking to both 2-year-olds and 5-year-olds, but that they had a wider pitch range when speaking to the younger children. The fathers raised their pitch and increased their pitch range to the 2-year-olds, but did not adjust their pitch when speaking to 5-year-olds compared to when speaking to adults. This shows that mothers, at least, speak differently to their children even when the latter are older than 24 months, and also that there are changes in CDS as the child grows older.

In addition to investigating whether and how adults modify their speech when addressing infants and children, and whether and how this varies as a function of child age, research in this area has sought to identify the function(s) of CDS. Building on a large body of research, Wang et al.(2018, p. 19) conclude that IDS may have three possible functions: “to maintain infants’ attention, to communicate affect, and to be didactic.” According to Wang et al. (2018), there is evidence in favour of the hypothesis on adults using IDS because children are attracted to ‘happy’ speech that communicates affect. They claim that there is less evidence for a didactic function to the IDS register. However, there may be a difference in the function of IDS and CDS registers, as the characteristics of the dyadic relationship and communicative priorities shift. Fernald and Mazzie (1991) suggest that while IDS may have the function of drawing the child’s attention, the function of CDS may be more of a didactic one where more distinct speech may help the child to segment individual words from the stream of fluent speech. Even though children start the process of segmenting individual words from the speech stream earlier than from 24 months, this process may also be relevant later, and the distinct speech may serve to enhance morpho-syntactic and phonological characteristics of the words. Identifying possible functions is not a straightforward task, however, and one might be able to attribute various possible functions to a single characteristic. For example, the repetition of words and utterances in CDS may have a didactic function (e.g., to facilitate the learning of lexical items or word shape) as well as being a way of keeping the conversation running and linking it to the child’s interest, thus combining attention-seeking, the communication of affect and a didactic function.

Independently of the underlying function of these modifications, the evidence clearly shows that adults change the way they speak when addressing infants and young children as compared to when speaking to adults. As we have seen, these speech accommodations occur on different levels, that is, segmental phonetic, prosodic, or higher-level linguistic, and potentially with different degrees of speaker awareness. Certain properties of CDS may be characterised as relatively ‘local,’ for example the placement of greater emphasis on a given word, while others may be more pervasive throughout a stretch of speech, such as slower speech tempo. Some that may appear to be relatively local, for example a segmental difference in vowel quality, may actually arise from a more general effect of hyperarticulation, which results in an expanded vowel space and, in turn, in changed vowel qualities for individual vowels. Certain characteristics of CDS may be relatively language-independent, particularly those that are less didactic in purpose and more attributable to general, (quasi-)universal strategies of attracting and maintaining attention which we might plausibly assume to have adapted toward general properties of the (developing) human perceptual system. Other strategies may more deliberately draw attention to structural features that are specific to a given language, for example the exaggeration of geminate duration, thereby emphasising a lexical contrast, and we might plausibly attribute a more didactic motivation to these.

Any variation in the input, as characterised by modifications apparent in CDS, may potentially shape the child speech acquisition process, by shifting the distribution of patterns to which the child is exposed. Nevertheless, this is not taken to be a passive process. Vihman and Velleman argue that while patterns in the ambient language shape the acquisition process, the process is also influenced by the child’s phonetic skills and her own emerging phonological patterns: ‘the onset of phonological systematisation is superimposed upon ongoing phonetic learning’ (2000: 265, see also Vihman, 2017). This process of interaction between salient properties in the speech the child hears on the one hand, and the child’s own phonetic abilities and emergent phonological system on the other, may result in apparent discontinuities in development, with phonological structure arising from phonetic patterns in a way that is not only gradual. While a child’s first words may result from her matching her own productions to what she hears, (the ‘articulatory filter,’ Vihman, 1993), this is not purely a mechanical process; instead, ‘certain phonetic structures are exploited and generalised,’ in the formation of nascent phonological systems, or ‘templates,’ which may lead to non-adult-like adaptations. Thus, while guided by the child’s own phonetic development and the phonetic patterns in the input speech she is exposed to, the nascent phonological system exerts, in turn, its own pull on the child’s speech productions. As a result, any influence of particular CDS characteristics will itself be mediated through this self-organising process (cf. Davis and Bedore, 2013). The child does not simply mirror what the adult does. There is, instead, a dynamic interaction between the adult’s speech – with its own structures and patterns that may be modified in addressing the child – and the child’s emerging structures and speech patterns. For Davis and Bedore (2013), the acquisition process also involves a dynamic interaction between the input (speech input from communication partners as well as their extrinsic critical guidance, cf. the didactic purpose discussed above) and the child’s developing intrinsic biological and cognitive abilities, but their model places a greater emphasis on functional pressures arising from the child’s need to connect and communicate, and hence, they identify the child’s growing capacity for social interaction as a third key factor in child phonological development.

As well as being a dynamic process, which we imagine may shift according to discourse and wider context and as the child develops, this interaction is also complex, in that the structures in both the adult’s speech and the child’s speech are, inevitably, implemented phonetically, adding further scope for divergence. Languages, and language varieties, vary not only in their phonological structure, but also in how that structure is implemented. Thus, aside from features that are more clearly either phonological (e.g., pertaining to a lexical contrast or phonotactics) or general phonetic (e.g., pertaining to general articulatory skills), language-specific linguistic-phonetic features are also a body of knowledge to be acquired. These are phonetic (i.e., non-contrastive) aspects of a given language, or variety of language, that a child must master in order to be a native or near-native speaker, for example cross-linguistic variation in whether [s] is produced as laminal or apical, or in VOT for the cueing of voicing contrasts. Such linguistic-phonetic features may also pertain to temporal coordination of gestures and their association with prosody, and thus to the production of connected speech, in what can be characterised as prosodic-phonetic tendencies (or biases; see Payne, 2016, for a fuller discussion). Thus, prosodic-phonetic biases are pervasive, systematic and language-specific phonetic patterns in the implementation of phonological structure. Evident in adult-directed speech, they may be more or less salient to the listener, including the infant listener. As such, we can consider them as the language-specific phonetic ‘packaging’ which conveys phonological structure, and thus acquisition of that structure for a particular language is mediated via these patterns.

One example of a prosodic-phonetic bias in Norwegian are vocalic intrusions in the production of consonant clusters, the characteristics of which in ADS we briefly describe here. In contrast to most variants of English, Norwegian has a so-called open transition between consonants in a cluster, where the first consonant is released before the onset of the next one (Endresen, 1991, p.127, see also Bradley, 2007). This often leads to vocalic intrusions between a sequence of consonants in a cluster in adult speech (e.g., [1bᵊɭoː] for [1bɭoː] blå, ‘blue’). In a recent study, we found vocalic intrusions in 30.6% of instances for (Urban East) Norwegian, while for (Southern British) English, vocalic intrusions were nearly non-existent (affecting only 0.6% of instances) (Garmann et al., 2021). In the same study, vocalic intrusions were found to be more common in ADS when C2 is a liquid, with the greatest incidence occurring when C2 is a rhotic tap or flap, and a particularly high incidence when this was combined with a voiced stop in C1 position. We observed that ‘the incidence of vocalic intrusion in Norwegian is gradient and clearly shaped at least in part by articulatory considerations.’ (2021, p. 22). Hence, while not obligatory in any phonetic context, vocalic intrusions are nevertheless common in Norwegian, and neither their incidence nor duration are dependent on speech rate in ADS.

It is important to reflect here on what this means for diverging inputs into the child speech acquisition process. In terms of phonological structures, the evidence available in the input may be very similar (and indeed the phonotactics of English and Norwegian are quite similar). Thus, if the English-ambient child and the Norwegian-ambient child are exposed to similar input – at least with respect to this particular variable – their nascent phonological systems, and thus their own productions should also be fairly similar (at least no more dissimilar than between two children of the same ambient language). However, if we consider not just the phonological structures but also how they are implemented, we can model actual divergence in inputs, and make different predictions about the children’s early productions. Indeed, in the same study (Garmann et al., 2021), we found that, while vocalic intrusions were also evident in English child speech [as one possible strategy for tackling clusters, and one that is attested to some degree cross-linguistically (McLeod et al., 2001)], they were far less prevalent than in Norwegian child speech. This could indicate that in selecting a strategy for tackling clusters infants are influenced by distributional patterns in their ambient speech input. In other words, young children are sensitive to speech patterns of different degrees of granularity, and these include not just which segments can be juxtaposed in connected speech, and where, but crucially also how they are juxtaposed, that is, the fine detail of intersegmental coordination. Furthermore, these provide another type of evidence from which their own nascent systems are forged. Indeed, these vocalic intrusions were found to be even more frequent and longer in duration in Norwegian child speech than in Norwegian ADS, with some generalisation to phonetic contexts for which there was no incidence in ADS, for example /sC/ clusters. Together these pieces of evidence strongly suggest that vocalic intrusions, arising from a particular setting of temporal and articulatory coordination, are a pervasive bias (a strong but non-obligatory tendency) in the production of Norwegian consonant clusters, and one that shapes the acquisition pathway of Norwegian-ambient infants.

The fact that children generalise vocalic intrusion to other phonetic contexts suggests that linguistic-phonetic knowledge at the implementation level is part and parcel of the child’s nascent phonological system. Note that we are not suggesting that the child is interpreting the vocalic intrusion as having the status of a phonological segment – something which is theoretically possible but for which there is insufficient evidence. Rather, we are proposing that knowledge about the implementation of phonological structure should be seen as part of knowledge about phonological structure. And thus, a child’s nascent phonological system will also include knowledge of how that system is implemented, and just as the system itself may diverge from the adult system, so may (language-specific) properties relating to its implementation. In part this also depends on the distributional properties of the input, and indeed raises the question as to whether these biases may be subject to modification in CDS. If they are, we may also ask what form this modification might take, and to what extent such modification may be interpreted as deliberate, or incidental, as the unplanned consequence of slower speech tempo, for example. Here, we investigate the role that CDS may have in mediating the prosodic-phonetic bias of vocalic intrusion in Norwegian in the child acquisition process. In our earlier study, we found that child speech displays more vocalic intrusion in consonant clusters than does ADS (Garmann et al., 2021), which suggests vocalic intrusion may be more prevalent in CDS than in ADS. This could come about quite incidentally: since vocalic intrusions may be influenced by the slower tempo and exaggerated prosody that characterise CDS, we hypothesise that CDS has longer and more frequent vocalic intrusions than ADS. Even though we did not find any influence of speech rate on the incidence and duration of vocalic intrusions in ADS, slower speech rate is a known characteristic of CDS (Cruttenden, 1994) and could thus be a determining factor in the incidence of vocalic intrusions in CDS. In this scenario, a greater incidence of vocalic intrusions would simply emerge from other CDS behaviours. If based on these general properties of CDS, there would be no reason to expect any differences in the phonetic contexts in which the vocalic intrusions occur; on the contrary, we would expect the pattern of vocalic intrusions to be very similar to that in ADS, only with longer durations and potentially higher incidence. These would be the result of generalised CDS strategies which can be interpreted as having broader functions of increasing the infant’s attention, increasing closeness in the dyadic relationship (‘bonding’) and a general facilitation of comprehension (i.e., not focussing on any structures in particular). This would constitute a kind of speech accommodation that acknowledges the child’s different capacities and knowledge, and renders adult speech patterns more transparent (through slowing down and exaggeration).

Another scenario is that adults adjust the prevalence and/or distribution of vocalic intrusions when addressing children. Such changes would be difficult to attribute solely to broader, more generalised CDS strategies such as tempo, and would point to a more focussed and localised strategy (however, conscious or not) of speech accommodation. The potential reasons for doing so are multiple, and would likely affect to some degree the nature of the adjustments being made. One possibility is that adults accommodate toward the child’s own speech patterns. CDS would under this scenario show patterns of vocalic intrusion that more closely mirror those evident in child speech, for example through a greater incidence of intrusions and/or incidence in phonetic contexts in which intrusions are detected in child speech but not in ADS. Similarly with the previous scenario, this would also constitute a kind of speech accommodation that acknowledges the child’s different capacities and knowledge, but rather than rendering adult speech patterns more transparent, chooses to close the communicative gap by adjusting speech patterns toward those of the child. We would attribute this kind of accommodation to a desire to increase the closeness of the dyadic relationship (‘bonding’) and potentially to facilitate comprehension. A longer duration of intrusions could also fall under this scenario, since as well as an attention-calling device, it can also be seen as a mirroring of the child’s own productions.

Another possibility is that adults hyperarticulate consonant clusters to clarify the elements of the cluster in what is potentially an instructive, or didactic, way. Evidence of this might include paying close, exaggerated attention to phonetically difficult articulations, for example the pronunciation of [ɾ] (which is challenging in many languages, Bernhardt and Stemberger, 2018). They may also make their ADS cluster patterns more categorical in CDS to show the children how a particular cluster is typically produced and reduce ambiguity through making segment boundaries clearer.

Thus, there are various kinds of adjustments that one might expect in CDS, motivated potentially by different functions. These might affect incidence within and across different phonetic categories, and duration, differently, resulting in quite a complex picture. This is further complicated by the fact that mapping underlying motivations to observable behaviours may be ambiguous (i.e., a given behaviour, such as longer vocalic intrusions, may plausibly map onto more than one motivation) and the fact that underlying motivations are, of course, only speculative. Nevertheless, some plausible relationships can be posited. In Table 1, we set out a schematic overview of these for vocalic intrusions in Norwegian CDS, and suggest the potential phonetic evidence for these, as compared with ADS.


TABLE 1. Plausible underlying motivations for vocalic intrusions in CDS (compared to ADS) and their potential phonetic realisation.

[image: Table 1]A strong prediction, across almost all kinds of possible motivating factors, is that vocalic intrusions will be of longer duration in CDS than in ADS. Both generalised properties of CDS, with universal communicative and bonding goals, and more didactically-orientated strategies are compatible with longer vocalic intrusions.

A slightly less strong prediction can be made about the incidence of vocalic intrusion in CDS when compared with ADS. Generalised CDS properties of slower tempo and exaggerated prosody would conspire to increase incidence, and this would be compatible with the general goals of attracting attention for increased affect and the conveyance of emotion, and for marking emphasis more transparently. It would also be compatible with the mirroring of child speech (for affect enhancement and facilitating comprehension), and for the phonetic didactic goal of instructing how to produce difficult clusters.

Finally, with respect to the distribution of vocalic intrusion in CDS, most potential motivating factors would predict little or no deviation from the distribution observed in ADS. There are two exceptions, however. Firstly, the goal of facilitating phonetic mastery of certain clusters, as well as highlighting the presence of the short [ɾ] as C2 in a cluster, that is, being didactic, could result in a higher incidence of intrusions in those specific phonetic contexts. Secondly, mirroring child speech patterns could result in a distribution pattern that deviates from ADS: Possible intrusions in CDS in phonetic contexts that are characteristic of child speech, but not of ADS, would be examples of adults mirroring the children in CDS, suggesting a bonding function, rather than a didactic one.

A further consideration is that the relationship between caregiver and child is dynamic, as are the communicative needs and abilities of the child. Thus tracing potential changes in CDS over a range of child ages can be enlightening. Knowing that prosodic characteristics of IDS and CDS appear to change over the age span of the infant/child being addressed, we expect vocalic intrusions to be less prominent in CDS directed toward older children than to younger ones.

With these considerations in mind, we analyse data from mothers speaking to 2;6-, 4- and 6-year-olds to investigate the following hypotheses:


(1)Vocalic intrusions have a higher incidence in CDS, at least when addressed to 2;6-year-olds, than in ADS.

(2)Vocalic intrusions have the same distribution with respect to phonetic contexts in CDS as in ADS.

(3)Vocalic intrusions are of longer duration in CDS, at least when addressed to 2;6-year-olds, than in ADS, but shorter than in child speech.

(4)Vocalic intrusions in CDS become less prevalent and of shorter duration as the children being addressed grow older.





MATERIALS AND METHODS


Data

Our data consist of speech recordings from nine mothers reading a story to their child (CDS), compared to four mothers reading sentences to a research assistant (ADS), and nine children playing a naming game with their mothers, with words from the story they had just heard (CS). The ADS and CS data have already been reported on by Garmann et al. (2021), and serve as a basis for comparison here. The CDS, analysed specifically for this paper, was elicited from three Norwegian mothers of 2;6-year-olds, three mothers of 4-year-olds and three mothers of 6-year-olds. All nine mothers as well as their children were native speakers of Urban East Norwegian (Kristoffersen, 2000) and lived in and around Oslo. There is an overlap between three of the subjects providing ADS and CDS data, and between seven of the mothers and their children.

Audio was recorded using a Zoom Handy Recorder H2 with built-in microphones. The mothers and their children took part in a larger study comparing phonetic microvariation in the production of consonants in both child and adult speech in English and Norwegian, reported on by Payne et al. (2015, 2017) and Garmann et al. (2021). The studies were reviewed and approved by NSD – Norwegian Centre for Research Data under the reference number 36466. All participants or their legal guardians/next of kin provided written informed consent based on written and oral information.

To investigate cluster production, the materials were constructed around a set of target words with a variety of word initial consonant clusters. For ADS, the target words were included in a list of sentences, which the mothers were asked to read aloud to a researcher. To elicit CDS in a comparable setting, the target words were also included in a story of text and pictures made as a PowerPoint presentation. The CDS data consist of the speech of the mothers reading the story to their children. On the basis of this story, a naming game was constructed with pictures of the target words. The CS data consist of the children’s responses when playing the naming game with their mothers. For comparability, the CDS data for analysis were selected based on the CS cluster types analysed in Garmann et al. (2021). Table 2 shows the number of analysed instances across phonetic contexts and data sets.


TABLE 2. A breakdown of cluster types analysed in this paper, with incidences for each category of speech data.

[image: Table 2]


Phonetic Analysis

Following Garmann et al. (2021), the productions were categorised into four groups, based on the occurrence of a (possible) vowel intrusion visible in spectrogram and waveform, as analysed by using the programme Praat (Boersma and Weenink, 2016). These four categories were defined in Garmann et al.(2021, p. 10) as:


(a)Clear vocalic intrusion: “a clearly definable period of high amplitude, voicing, formant structure, and of an easily measurable duration.”

(b)Relatively clear vocalic intrusion: “evidence of a post-consonantal period with lower amplitude than for (a), which may be either not fully voiced or with weak formant structure, and shorter in duration (or more difficult to measure) than for (a).”

(c)Possible ‘masked’ vocalic intrusion: “segment boundaries are hard to ascertain, e.g., because of a period of post-release aspiration and/or devoicing in an approximant may overlay a vocalic interval.”

(d)Definitely no vocalic intrusion: “no intervening acoustic material or discontinuity between C1 and C2.”



To assess the validity of this categorisation, 21% of the CDS words were blind-coded by a rater not involved in the original scoring. The agreement between raters concerning the existence of a vocalic intrusion (a + b vs. c + d) was 83%. For the ADS and CS, Garmann et al. (2021) reported a corresponding agreement of 75%. The duration of the vocalic intrusions in category (a) and (b) were measured in Praat, again following the methodology of Garmann et al. (2021).

To check for speech rate as a possibly confounding factor, we made a comparison between CDS and ADS: Garmann et al. (2021) measured the number of syllables per second in four identical ADS sentences as they were produced by three of the mothers of 2;6-year-olds. We now measured the number of syllables per second in four identical CDS sentences produced by the same three mothers. According to these measurements, the speech rate was significantly slower in CDS than in ADS (median 261 vs. 205 ms per syllable, W = 37.5, p = 0.0496), but there was no connection between these three mothers’ speech rate and the incidence or duration of vowel intrusions in their consonant clusters, as the mother with the slowest speech had just as many intrusions as the mother with the fastest speech, and only marginally longer intrusions (median 34 ms) than the two others (with a median of 31 and 32 ms, respectively).



Statistical Analysis

Hypotheses regarding the incidence of vocalic intrusions [i.e., categories (a) and (b)] were tested with chi-squared (χ2) tests, or Fisher’s exact test for expected values at 4 or below. The hypotheses concerning the duration of vocalic intrusion were investigated using Wilcoxon rank sum tests, preferred over t-tests due to deviations from a normal distribution. These non-parametric statistical tests were deemed suitable for the data set consisting of 517 observations in total, with 192 observations from CDS compared to 159 from ADS and 156 from CS.

The study focuses on differences between samples rather than individual variation, based on Vihman et al. (1994), who found little individual differences at the segmental level within groups of mothers speaking the same language. In our study as mentioned above, all mothers spoke the same dialect, and the speech samples were scripted. Each mother’s speech showed considerable variation in the duration of vocalic intrusions, but there was no significant variation in neither incidence nor duration between the mothers: The incidence of vocalic intrusions did not differ significantly between the mothers with the most (MNR with 7 out of 10 measured clusters) and the fewest (HI with 6 out of 13) intrusions (p = 0.06), and there was no significant difference between the mothers with the longest (336 ms) and shortest (129 ms) median duration of intrusion (W = 25, p = 0.2).

The statistical analyses were carried out in R 4.0.2 (R Core Team., 2020) using RStudio 1.3 (RStudio Team., 2020). We used the stats package (R Core Team., 2020) to run tests and the package ggplot2 (Wickham, 2016) for visual inspection and preparation of figures.



RESULTS


Categorisation

The proportions of the four categories of intrusion in the three datasets are shown in Figure 1. It is of note that category (c) constituted only 15% of the cluster productions in CDS, a significantly smaller proportion than Garmann et al. (2021) reported for ADS [30%, χ2(1) = 10.36, p = 0.001] and CS [29%, χ2(1) = 8.56, p = 0.003]. This category consists of the cases where segment boundaries could not be determined from the acoustic signal, due to the ambiguous alignment of certain articulatory parameters. For example, in a voiceless stop cluster + lateral, a medial period of voiceless aperiodicity could be attributed to post-aspiration of the voiceless stop, which could coincide with a (devoiced) vocalic intrusion, and/or a period of devoicing in the lateral.


[image: image]

FIGURE 1. Distributions of the four categories of intrusion across the three datasets.


The fact that this kind of ambiguous articulation was significantly reduced in CDS would suggest that adults avoided it, opting instead either for a more clear-cut open transition (and a definite, voiced period of vocalic intrusion), hence adding to categories (a) or (b), or potentially the reverse, suppressing post-release aspiration and therefore devoicing in a following lateral. As can be observed in Figure 1, the data suggest a greater inclination toward the latter: While all other categories [namely (a), (b), and (d)] have more incidences in CDS than in ADS, the difference is more notable for (d), although not significant in either. The decision was made to exclude category (c) from any further calculations, thus making the estimate of intrusion a conservative one (Garmann et al., 2021). However, this observed difference in how mothers categorise their articulations suggests a desire to avoid segmentally ‘ambiguous’ sequences (even if they are completely natural in ADS).



Incidence

With regard to the incidence of vocalic intrusion, there was no significant difference between CDS (46.1%) and ADS [46.9%, χ2(1) = 0, p = 1], when viewed overall. Following the assumption that traits of CDS are more likely to be present in speech addressed to younger children, we isolated the CDS directed toward the 2;6-year-olds and compared this to ADS. Still, there was no significant difference in incidence [χ2(1) = 0.724, p = 0.395]. This means that, viewed across phonetic contexts, and compared with ADS, CDS does not have more vocalic intrusion than ADS.

Next, we investigated potential differences in the incidence of vocalic intrusion in the CDS by child age. The adults addressing 2;6-year-olds had vocalic intrusion in 53% of their consonant clusters, while the adults speaking to the older children produced 40% of their consonant clusters with a vocalic intrusion. According to a chi-squared test, this difference was significant [χ2(1) = 5.17, p = 0.023]. There were no significant differences in the number of intrusions between adults addressing 4-year-olds (42%) compared to adults addressing 6-year-olds (38%). Thus, while the differences are not sufficient to make a significant difference when compared with ADS, there is evidence that mothers are behaving differently toward 2;6 year-olds, when compared with 4 and 6 year-olds.

Comparing children’s speech and CDS within each age group (see Table 3), we found a significant difference in incidence between mothers and children at 2;6 [χ2(1) = 5.14, p = 0.023], but not at 4 [χ2(1) = 1.35, p = 0.245] or 6 [χ2(1) = 0.20, p = 0.6543]. The figures indicate a correspondence between CDS and CS, but with a delay: The proportions of vocalic intrusions in children’s speech at 4 and 6 resemble the proportions in CDS at 2;6 and 4, respectively (For a discussion of the development of vocalic intrusion in CS, cf. Garmann et al., 2021).


TABLE 3. Number and proportion of vocalic intrusions in produced clusters in CDS and CS by age of the child.
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Distribution by Cluster Type

As shown in Table 4, the vocalic intrusions generally occurred in the same phonetic contexts in CDS and in ADS, but CDS also had a few intrusions in non-liquid contexts. There were no significant differences between the two datasets in the incidence of intrusions when the second consonant was a non-liquid (p = 1 according to Fisher’s exact test), or a lateral [χ2(1) = 0.04, p = 0.844]. However, intrusions were significantly more common in CDS than in ADS when the second consonant was a tap or a flap [χ2(1) = 5.67, p = 0.017]. There was only one occurrence in CDS of a consonant cluster with a tap or flap as C2 produced without a vocalic intrusion, namely a production of krakk ‘stool’ addressed to a 6-year-old. In other words, in CDS there is no apparent increased incidence of vocalic intrusions when viewed across phonetic contexts, but there does appear to be a greater incidence within a specific context, namely pre-rhotic. It should be noted that vocalic intrusion is almost omnipresent in this context. Thus, adults are differentiating their speech toward children in terms of extent of vocalic intrusion for a given phonetic context, making something that occurs gradiently in ADS, categorically occurring in CDS. In other words, it is a more systematic feature of CDS than of ADS.


TABLE 4. The number of instances with a vowel intrusion and the number of clusters measured in the three data sets, by C2 category.

[image: Table 4]While we found no vocalic intrusions at all in non-liquid C2 clusters in ADS, in effect /sC/ clusters, there were 7 occurrences in this phonetic context in the CDS data, in the words smokk ‘pacifier,’ snørr ‘snot,’ svane ‘swan,’ and sverd ‘sword.’ These instances were evenly distributed across age groups. The difference between CDS and ADS is, as noted above, not statistically significant, but the mere occurrence is interesting, particularly because we also saw intrusions in this context in children’s speech, as shown in Table 4. This indicates that mothers may be mirroring their children when it comes to phonetic contexts. There was no significant difference between incidence in CDS and children’s speech when the C2 was a non-liquid [χ2(1) = 0.27, p = 0.600] or a tap/flap [χ2(1) = 1.18, p = 0.277], but vocalic intrusions were significantly less common in CDS than in CS when the second consonant was a lateral [χ2(1) = 9.24, p = 0.002].



Duration

Turning to the duration of the vocalic intrusions, there was no significant difference between CDS (median = 29 ms), when viewed overall, and ADS (median = 22 ms, W = 1390, p = 0.078), as shown in Figure 2. However, when we looked specifically at the speech directed toward the youngest children, the difference between CDS and ADS was significant: The intrusions in CDS were significantly longer when adults addressed 2;6-year-olds (median = 32 ms) than when adults addressed adults (W = 804, p = 0.018), see Figure 3. This difference was not found when comparing ADS with CDS addressed to 4-year-olds (median = 28 ms, W = 658, p = 0.708) or 6-year-olds (median = 25 ms, W = 580, p = 0.267). Thus, in terms of duration of intrusion, adults are differentiating their CDS as a function of the age of the child being addressed. In other words, vocalic intrusion is arguably a more salient feature of CDS addressed to very young children.
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FIGURE 2. The duration of vocalic intrusions in consonant clusters produced in ADS, CDS, and CS.
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FIGURE 3. Duration of vocalic intrusion in ADS, in CDS to different age groups (2;6, 4, and 6) and in CS in different age groups (2;6, 4, and 6).


Looking at the duration of vocalic intrusions between CDS overall (median = 29 ms) and CS overall (median = 43 ms), the former was significantly shorter than the latter (W = 811, p < 0.001). As can be seen from Figure 2, there may be a development corresponding to what occurs in children’s speech, where Garmann et al. (2021) reported a significant reduction in duration with age. However, there is a lot of variation masking possible changes in CDS over time: Investigating the duration of vocalic intrusions in the CDS data divided by the children’s age, we found no significant differences between the CDS addressed to 2;6-, 4-, and 6-year-olds. Children and mothers appear to approach each other over time: There was a significant difference in duration of the vocalic insertions between CDS to 2;6-year-olds (median = 32 ms) and the 2;6-year-olds themselves (median = 53 ms, W = 201, p < 0.001), and a smaller, but still significant difference between mothers (median = 28 ms) and children (median = 41 ms) at 4 years (W = 358, p = 0.015), but no difference between mothers (median = 25 ms) and children (median = 19 ms) at age 6 (W = 92, p = 0.611).



DISCUSSION

In this paper, we set out to study vocalic intrusions in the production of clusters in Norwegian CDS. This prosodic-phonetic bias has been observed in Norwegian ADS as well as in CS. We investigated whether vocalic intrusions are present also in CDS, and if so, whether they occur with the same incidence and patterns of distribution. We analysed CDS from mothers addressed to children aged 2;6, 4, and 6, and compared these data to ADS and CS data collected and analysed by Garmann et al. (2021). Furthermore, we divided the CDS data by age to look for changes as children grow older. We tested four hypotheses, namely that vocalic intrusions (1) have a higher incidence in CDS than in ADS; (2) have the same distribution with respect to phonetic contexts in CDS as in ADS; (3) are of longer duration in CDS than in ADS but shorter than in children’s speech, and (4) their incidence and duration in CDS diminish as children grow older.

Regarding our first hypothesis, we found that when viewed overall, there is the same prevalence of vocalic intrusions in CDS and ADS. This suggests that increasing the incidence of vocalic intrusion is not used as a generalised strategy either to increase affect or bonding or for didactic purposes. However, when isolating the speech addressed to the youngest children, we did find intrusions to be significantly more common than in ADS. We interpret this as indicating that bonding strategies concerned with attracting attention, conveying affect and mirroring the child’s speech behaviour, together with didactic goals of instructing how to convey emphasis and to produce difficult clusters, are more important in speech addressed to the younger children.

Moreover, we found a significantly smaller proportion of clusters analysed as category (c) clusters (i.e., clusters where the segment boundaries are hard to identify) in CDS when compared to ADS. This indicates that even if the incidence of intrusions generally is the same in CDS and ADS, mothers tend to produce their clusters more clearly either with or without intrusions when speaking to children. In other words, there is evidence that some adjustments may be made to clarify an ambiguous segmental boundary within a cluster, which may play some phonological didactic function in terms of reinforcing the segmental composition of a sequence.

Concerning our second hypothesis, the vocalic intrusions are generally found in the same phonetic contexts in CDS and ADS, with two exceptions: Firstly, albeit only marginally, CDS contained instances of vocalic intrusion in non-liquid /sC/ clusters, which to some extent mirrors the greater cross-context generalisation of this feature in child speech. In addition to possible mirroring of child speech behaviour, this shows an expansion in the range of incidence, even if the overall level of incidence is the same. Perhaps more important, however, is the finding that vocalic intrusions were significantly more common (and indeed almost entirely categorically present) in CDS than ADS in clusters that could be considered to be particularly challenging for the child, that is when the second consonant was a tap or a flap (e.g., in brannmann ‘fireman,’ [ˈbɾɑn.mɑn], and glass ‘glass,’ [ˈɡɽɑs]). This suggests that while vocalic intrusion may not be more prevalent overall in CDS, it does appear to be systematically applied in those phonetic contexts in which it is frequently – though not categorically – applied in ADS. In view of the facts that the Norwegian tap [ɾ] is short and can be difficult to perceive without a preceding intrusion (Bradley, 2007) and being one of the latest speech sounds to be acquired by children speaking Urban East Norwegian (Fintoft et al., 1983), this would appear to be motivated by a phonetic didactic intent.

When it comes to the third hypothesis, a longer duration in vocalic intrusion was strongly predicted, being compatible with a number of possible motivations. Longer durations are associated with greater acoustic salience, which are compatible with general strategies for attracting more attention and conveying affect. The strongest version of this hypothesis was not confirmed, as there were no significant differences in the duration of intrusions between CDS in general and ADS, but the intrusions had longer durations in CDS addressed to 2;6-year-olds than in ADS. Our interpretation is that this particular modification is primarily underpinned by bonding strategies, since Wang et al. (2018) have suggested that the purpose of IDS directed toward younger infants is more geared toward increasing closeness. There may also be some didactic intent in drawing attention to specific words by emphasising them. If there were some form of didactic intent related to cluster production specifically, we might expect it to persist in CDS directed toward older children, but this appears not to be the case. We also note that while vocalic intrusions are longer in CS than in either CDS or ADS, they are particularly long in the speech of 2;6-year-olds, hence providing possible evidence for a (albeit somewhat subtle) mirroring effect in the CDS addressed to that age group. We interpret a mirroring behaviour as another bonding strategy, since it seeks to close the distance between the behaviour of the child and that of the speaker. In mirroring articulation strategies of the child, it also arguably facilitates comprehension. While longer intrusions are compatible with various didactic intents (e.g., showing higher linguistic structure such as emphasis, or showing the linguistic-phonetic detail of how to ‘sound Norwegian,’ or simply to aid phonetic mastery of a universally difficult articulation), we would expect these to be employed also, or even especially, with older children, which is not the case. We thus conclude that longer vocalic intrusions are principally a bonding strategy with possibly a didactic function of word learning, employed selectively toward the youngest children.

Thus far, it would appear that mothers do indeed modify their productions of consonant clusters, and in a number of quite specific ways. Firstly, they reduce the proportion of clusters with ambiguous segmental boundaries [category (c) clusters]. Secondly, they systematise a phonetically natural tendency within a specific category of clusters (those with a rhotic C2), and marginally extend this tendency to other phonetic contexts (i.e., with a non-liquid). Thirdly, they phonetically exaggerate the intrusion, through lengthening, to children under 4 years only. From the literature, we know that we adapt our speech to our interlocutors in myriad ways, and that different properties of CDS may fade at different stages, thus revealing complex strategic modification of speech in parent–child interactions. Recall that Payne et al. (2015) found that mothers modified their rhythm in CDS to children aged 2–6, with no change over time, while Warren-Leubecker and Bohannon (1984) found fathers to use a higher pitch and wider pitch range when speaking to 2-year-olds, but not to 5-year-olds. The mothers in the same study adapted in both pitch and pitch range to both 2- and 5-year-olds.

This marginal extension and exaggeration of intrusions in CDS appears to echo reported patterns in CS in which we found that intrusions were also generalised beyond the ADS phonetic contexts (Garmann et al., 2021). A critical question is whether children are simply replicating this pattern in the CDS input, that is, their behaviour is driven by phonetic evidence in the input, or if they are in fact going beyond this and imposing their own structural constraints on their output. If they extend and/or exaggerate significantly more than in CDS, that would indicate a degree of abstract mediation, along the lines of Vihman and Velleman (2000). Further research, comparing CS and CDS more directly and for a wider range of discourse contexts is needed to establish this.

As for the fourth hypothesis concerning a decline of both incidence and duration of intrusions as children grow older, we found a higher incidence in speech addressed to 2;6-year-olds than to the older children, but no significant difference in duration of the intrusions. Comparing mothers and children, we found significantly more vocalic intrusions among the children at age 2;6, but no significant difference at age 4 or 6. Correspondingly, the intrusions were significantly shorter in CDS than in CS at age 2;6 and 4 (although with a smaller difference), while the difference had disappeared completely at age 6. Hence, concerning vocalic intrusions in Norwegian, it appears that exaggerations in incidence and duration are a property of CDS addressed to young children only. Why does this property of CDS disappear so early?

The finding is in line with those of Warren-Leubecker and Bohannon (1984) for pitch qualities in fathers’ speech. While the function of speech addressed to infants (IDS) may be to draw the child’s attention, speech addressed to children above 2 years (CDS) may have more of a didactic function, where more distinct speech may support children in the further segmentation of fluent speech (Fernald and Mazzie, 1991). It is, however, difficult to say which function the CDS to the 2;6-year-olds serve, which is different from 4- to 6-year-olds. It could be that some of the explanation can be found in the setting studied in this paper, namely reading a story. It is likely that 2;6-year-olds have more difficulties in focussing on the reading task than the older children, which may suggest that the mothers tried to keep their children’s attention. On the other hand, it could also be that the mothers subconsciously aim to help the children in recognising clusters or perceiving their constituents, and that the CDS in this situation therefore had a more didactic function. The mothers were telling a picture-based story presenting words that they perhaps were not certain that their children knew, preparing them for a later naming task (see Garmann et al., 2021). In support of the didactic function of CDS, the mothers of 2;6-year-olds addressed their children with a frequency and duration of vocalic intrusions similar to the productions of 4-year-olds, and correspondingly, the 4-year-olds received input similar to the productions of 6-year-olds. Hence, the mothers may be guiding their children to more ADS-like speech, being one step ahead of their children.

As we have noted in the introduction, there are few studies reporting on CDS to children older than 2, and even fewer reporting on the path that caregivers take, modifying the details of their CDS register to move away from child-directed adaptations. Thus, more is known about the transition from IDS to CDS than about modifications within later stages of CDS, or indeed about the transition from CDS to ADS. Our study has made a contribution by establishing that the incidence of vocalic intrusions is higher and the duration is longer in CDS addressed to 2;6-year-olds than to older children as well as adults, and that compared to ADS, Norwegian CDS is at the same time both more systematic (near-obligatory vocalic intrusions before taps and flaps) and closer to child speech (producing vocalic intrusions also in non-liquid /sC/ clusters). Finally, mothers appear to guide their children by mirroring them while at the same time staying one step ahead.

In the Section “Introduction,” we outlined a range of different intentions that mothers may have in adapting their speech to children, and two possible underlying functions: bonding and didactic. Most – though not all – of the behaviours underpinned by these intentions pull in the same direction, namely to a higher incidence and longer duration of vocalic intrusions in CDS, contributing to an increase in acoustic salience. Hence, these two properties may fill multiple intentions and underlying functions at the same time. As they are only present in speech addressed to the 2;6-year-olds, it is possible that the specific intentions of attracting attention and instructing sounding Norwegian lose their importance some time before age 4.

There is evidence that other behaviours persist beyond this age. Two of the intentions discussed in the introduction appear to be at play throughout the age range in this study, namely instructing the mastery of Norwegian clusters, with a didactic function, and mirroring children, with a bonding function. These two pull in different directions. From a phonetic didactic point of view, we would expect CDS to be more systematic. However, for the purpose of bonding, mothers may subconsciously try to mirror their children’s speech patterns, producing intrusions also where they do not occur in ADS. We see both these functions at play in our data. First, the CDS data we have reported here very clearly show that mothers are much more unambiguously employing vocalic intrusion in specific phonetic contexts, and overwhelmingly in the pre-tap/flap context. By increasing the systematicity of vocalic intrusion for this category of cluster, they are arguably driving this home even more categorically, especially if we consider that potentially ambiguously segmented clusters [category (c)] are resolved more definitively as category (d) productions. However, we also see seven intrusions in CDS in one phonetic context where it occurs in CS but not ADS, namely in non-liquid clusters. The mere existence, even if they are few, suggests mirroring, and by that a bonding function possibly accompanied by a desire to facilitate comprehension. Note that the fact that the systematicity does not change over the time period that we have studied would suggest that it has a different function from the increased phonetic salience of the longer duration of vocalic intrusion in speech addressed to 2;6-year-olds.



CONCLUSION

We advocate a wider approach to the investigation of dynamic variations according to individual and interactional factors, to extend to pervasive characteristics of intersegmental timing and coordination. Further investigation is needed to consider how this approach could be integrated into existing dynamic interactive models of phonological acquisition (cf. Vihman and Velleman, 2000; Davis and Bedore, 2013). Vocalic intrusions in consonant clusters are a property, or prosodic-phonetic bias, of Norwegian (Garmann et al., 2021), as a language with an open transition between the consonants in a cluster (Endresen, 1991). It would be interesting to see whether this phenomenon is treated similarly by parents speaking for example Bulgarian or Portuguese to their children, since children speaking these languages produce vocalic intrusions in clusters (Ignatova et al., 2018; Ramalho and Freitas, 2018). This paper has shown how this particular prosodic-phonetic bias is subject to quite detailed and stratified modification in CDS, arguably with multiple functions. It thus highlights the potential importance of such biases to adaptive speech variation used in a variety of discourse contexts, and for different purposes. For example, we might conceive of increased vocalic intrusion as a strategy of hyperarticulation. To increase our understanding of the function that this property has in increasing comprehension, it would be interesting to investigate consonant clusters in speech directed to other groups for whom register adaptations have been observed, for example as L2 learners, elderly persons or individuals with receptive language difficulties, or for speech in poor listening conditions. More broadly, we advocate for an approach that incorporates three fundamental aspects of CDS. Firstly, CDS is dynamic, and we thus need to differentiate by child age, and to trace a longer trajectory. Secondly, CDS is complex, and thus we need to tease apart different aspects of speech (e.g., phonetic vs. phonological, segmental vs. longer domain aspects of connected speech). And finally, the relationship between CDS and CS is interactive, and to properly understand this requires close analysis of CDS in relation to child speech. This encompasses both the possible interaction of bonding and didactic functions in the dyadic relationship, and the role that phonetic-prosodic biases in the implementation of phonology in CDS, play in the construction of the child’s phonology.



STUDY LIMITATIONS

We have looked at CDS, and compared it with ADS and CS, within a specific and limited interaction context. Although we tried to make the elicitation situation as similar as possible between data sets, the different reading contexts for ADS and CDS are not identical. The sample in the study is relatively small, so the results should be interpreted with caution. A larger data set with more participants covering other situations might yield different patterns of vocalic intrusions in CDS and would also lead to better possibilities for generalisation. Ideally, we would also have included CDS and ADS data from all the same mothers, as well as CS data from their children to reinvestigate the conclusion in Vihman et al. (1994) that there is little individual variation between mothers as to segmental properties of CDS. Furthermore, we found variation in both speech rate as well as incidence and duration of vocalic intrusions between the mothers while speaking to their children, but no connections between speech rate and intrusions. However, as the data set was limited in size, we cannot rule out the possibilities of such connections. Moreover, adding another data point between age 2 and 3 could shed light on when a higher incidence and a longer duration of vowel intrusions fade in CDS; it can furthermore be interesting to study CDS to children who are older than 6 years of age.

We found that mothers adapted to their child’s language level with age, but having more detailed knowledge about the children’s language skills could have informed us on how parents adjust the proportion of and phonetic contexts in which they produce vocalic intrusions in consonant clusters. Whereas our data were cross-sectional, a longitudinal study of children in the age range 2–6 or older could also tell us more about the individual ways in which we adapt to our children, and whether there is a correspondence between the systematicity of vocalic intrusions before taps in individual parents’ speech and their children’s mastery of the tap. This would align our work with an increasing body of research which shows that young children are sensitive to variable acoustic information in the input that is non-phonemic, and that this sensitivity is reflected in their production (e.g., coda stop release in Sim and Post, under review, and vocalic intrusion in clusters, here), highlighting the importance of the precise quality of the input, in addition to the quantity of patterns of realisation.

As Warren-Leubecker and Bohannon (1984) found differences between mothers and fathers with respect to high pitch and pitch variation, it could also be interesting to investigate all potential characteristics of CDS in both mothers and fathers. Nevertheless, the lion’s share of the research on CDS since has focussed on mothers’, or female caregivers’, speech. There is a clear need for also including fathers/male caregivers in future research and investigating the variable of gender of the child being addressed. Moreover, we do not know whether there are differences between parents depending on social factors like maternal education. A further variable of potential interest is sibling order and the degree to which infants/young children are also communicating with each other, and whether this ‘child input’ further affects the trajectory of children’s articulatory fine-tuning.
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When speaking to infants, parents typically use infant-directed speech, a speech register that in several aspects differs from that directed to adults. Vowel hyperarticulation, that is, extreme articulation of vowels, is one characteristic sometimes found in infant-directed speech, and it has been suggested that there exists a relationship between how much vowel hyperarticulation parents use when speaking to their infant and infant language development. In this study, the relationship between parent vowel hyperarticulation and phonetic complexity of infant vocalizations is investigated. Previous research has shown that on the level of subject means, a positive correlational relationship exists. However, the previous findings do not provide information about the directionality of that relationship. In this study the relationship is investigated on a conversational turn level, which makes it possible to draw conclusions on whether the behavior of the infant is impacting the parent, the behavior of the parent is impacting the infant, or both. Parent vowel hyperarticulation was quantified using the vhh-index, a measure that allows vowel hyperarticulation to be estimated for individual vowel tokens. Phonetic complexity of infant vocalizations was calculated using the Word Complexity Measure for Swedish. Findings were unexpected in that a negative relationship was found between parent vowel hyperarticulation and phonetic complexity of the immediately following infant vocalization. Directionality was suggested by the fact that no such relationship was found between infant phonetic complexity and vowel hyperarticulation of the immediately following parent utterance. A potential explanation for these results is that high degrees of vowel hyperarticulation either provide, or co-occur with, large amounts of phonetic and/or linguistic information, which may occupy processing resources to an extent that affects production of the next vocalization.

Keywords: turn-taking, infant-directed speech, phonetic complexity, vowel hyperarticulation, conversational turns, vhh-index, Word Complexity Measure for Swedish, WCM-SE


INTRODUCTION

This study investigates the relationship between parents’ infant-directed speech (IDS) and the developing speech production of the infant. In terms of IDS, the focus lies on the specific characteristic of vowel hyperarticulation (VH) often—but not always—found in IDS (e.g., Kuhl et al., 1997; Englund and Behne, 2006; Benders, 2013; Kalashnikova and Burnham, 2018). VH in IDS has been linked to both various language outcomes (Liu et al., 2003; Hartman et al., 2017; Kalashnikova and Burnham, 2018; García-Sierra et al., 2021; Marklund et al., accepted) and immediate facilitation of word recognition (Song et al., 2010), suggesting that it may have an impact on infant language learning and/or processing. On the other hand, from a phonetic point of view, it is to be expected that the degree of VH in parents’ speech varies with the perceptual requirements of the child (Lindblom, 1990; Buz et al., 2016; Marklund and Gustavsson, 2020), whether that be different stages of language development or dynamic in-the-moment fluctuations in focus and attention. This means that VH is a characteristic of IDS which is likely highly susceptible to contextual influence, and that it may well be the case that the varying degrees of VH in parent IDS is an adaptive response to perceived cues from the infant. Therefore, the present study focuses on the directionality of any potential relationship between VH and infant speech production. The specific aspect of infant speech production under investigation is phonetic complexity (PC) of infant vocalizations. The reason for this focus is that a positive correlational relationship between VH of parent IDS and PC of infant vocalizations has previously been established on a subject level (Marklund et al., accepted). This study aims to determine whether such a relationship can be found on the level of individual conversational turns, and if so, if any directionality can be established.


Infant Behavior Influences Parent IDS

It has been demonstrated that at least some aspects of IDS are part of a feedback loop between parent and infant, in which parents respond to infants’ in-the-moment reactions to their speech by amplifying or attenuating certain IDS characteristics. The pitch of mothers’ IDS to their four-month-old infants can be manipulated by interrupting this feedback loop (Smith and Trainor, 2008). In the study, mothers interacted with their infants via monitors. Mothers could both see and hear their infants, while the infants could neither see nor hear their mothers. Instead, research assistants interacted with the infants (out of sight of the mothers) and modulated their interaction based on the momentary pitch characteristics of the mothers’ speech. Providing positive interaction to the infant contingent upon mothers’ high-pitched utterances resulted in more high-pitched utterances from the mother than providing positive interaction to the infant contingent upon mothers’ low-pitched utterances. This suggests that mothers’ pitch modulations in IDS are at least partially a response to the infants’ behavior in response to them (Smith and Trainor, 2008). Similarly, several characteristics of IDS were shown to be attenuated in mothers’ speech when the immediate feedback loop with their two- to four-month-old infants was interrupted by playing previously recorded video instead of live video (Braarud and Stormark, 2008).

It has also been reported that mothers respond differently to different types of infant vocalizations; for example, more mature infant vocalizations elicit a vocal response from the mother more frequently than less mature infant vocalizations (Albert et al., 2018).

When it comes to VH, mothers’ articulation of vowels was impacted when the feedback loop was interrupted as they interacted with their six- to seven-month-old infants (Lam and Kitamura, 2012). Interacting with their infants via a video link, mothers showed less VH when their infants were able to see them but not hear them, compared to when the infants could both see and hear them (Lam and Kitamura, 2012).

To summarize, infant behavior—including vocalizations—influences the specific realization of parent IDS in the moment. This has been shown for a number of IDS characteristics, including VH. VH is a result of spontaneous communicative adaptation to the perceptual and linguistic demands of the interlocutor (Lindblom, 1990), in this case the infant. One source of information to the level of infants’ linguistic proficiency is the maturity of their vocalization. Therefore, it is reasonable to posit that PC of infant vocalizations may impact VH in parents’ responses.



Parent Behavior Influences Infant Language

The linguistic, prosodic, and articulatory modifications that parents use when speaking IDS to their infants are thought to impact both infant language development in the long term and infant language production and perception in the short term. For example, overall amount of IDS in everyday speech input at seven to eleven months is positively correlated with language outcomes at five years of age (Weisleder and Fernald, 2013), and amount of IDS in a one-on-one setting at 11 and 14 months of age is correlated with productive vocabulary at 24 months (Ramírez-Esparza et al., 2014, 2017a) as well as word production at 33 months (Ramírez-Esparza et al., 2017b). IDS also facilitates in-the-moment aspects of language development such as word learning (Ma et al., 2011; Graf Estes and Hurley, 2013), statistical learning (Bosseler et al., 2016) and word recognition (Singh et al., 2009).

Parent social and vocal behavior has also been shown to influence infant vocal behavior of the child. For example, amount of IDS in a one-on-one setting correlates with amount of infant speech output (Ramírez-Esparza et al., 2014), and the prosodic variations in parent IDS are associated with high levels of infant vocalizations (Dunst et al., 2012; Spinelli et al., 2017). Contingent vocal feedback from parents leads to more mature vocalizations, syllabic rather than vocalic in 3-month-olds (Bloom et al., 1987), and syllabic rather than vocalic and more canonical syllables in 8-month-olds (Goldstein et al., 2003). At 9.5 months of age, infants whose mothers responded to vocalizations with words produced more consonant–vowel syllables, while infants whose mothers responded with a long vowel sound produced more fully voiced vocalizations (Goldstein and Schwade, 2008). This demonstrates that the phonetic content of parent utterances can have an impact on the phonetic realization of infant vocalizations.

When it comes to the specific characteristic of VH in parents’ IDS, it has been shown to predict later vocabulary size (Hartman et al., 2017; Kalashnikova and Burnham, 2018), facilitate word recognition (Song et al., 2010), and correlate with concurrent perceptive phonological development (Liu et al., 2003; García-Sierra et al., 2021). However, only one study has so far demonstrated a correlation between VH and infant vocal production, specifically PC of infant vocalizations, at 12 months of age (Marklund et al., accepted).

To summarize, parent behavior—both in terms of IDS realization and temporally contingent social feedback—influences infant language, either long term and/or in the moment. When it comes to VH in parent IDS and PC of infant vocalizations, a positive correlational relationship between them has been shown (Marklund et al., accepted), but any potential momentary impact is yet to be established.



This Study

This study focuses on the relationship between parent VH and PC of infant vocalizations. A positive relationship between the two has previously been established on a subject level (Marklund et al., accepted), leaving unanswered, and highlighting, the question of directionality. Does the phonetic maturity of infant vocalization influence the articulatory behavior of the parent, and/or does the clarity of parents’ articulation influence the vocal behavior of the infant? Based on previous findings reviewed above, both explanations are plausible. Attempting to shed light on this issue, the present study focuses on the relationship between parent VH and infant PC on a turn level. The VH of parent utterances immediately preceding and following infant vocalizations is calculated and related to the PC of the vocalization.

This study uses vhh-index, a measure of VH that normalizes across vowel type and speaker, and thus makes it possible to estimate and compare VH of individual vowel tokens. This measure has been used in a previous study on VH in Swedish IDS to 12-month-olds, where it was motivated from phonetic theory and compared to traditional measures of VH for validation purposes (Marklund and Gustavsson, 2020). The rationale for using the vhh-index in the current study is that, contrary to traditional measures, it is calculated on the level of individual vowel tokens, permitting analysis on a turn level. Previous studies on the relationship between VH and infant language have used vowel space area (Liu et al., 2003; Hartman et al., 2017; Kalashnikova and Burnham, 2018; García-Sierra et al., 2021; Marklund et al., accepted). Vowel space area is calculated on a subject level and can thus not be analyzed on the level of individual turns. On a subject level, both vhh-index calculated on all vowel types and vhh-index calculated only on point vowels have previously shown comparable results to vowel space area measures of VH (Marklund and Gustavsson, 2020).

The measure of infant vocalization maturity used in the present study is the Word Complexity Measure for Swedish (WCM-SE; Marklund et al., 2018). The WCM-SE can be used as a measure of phonological maturity, that is, it may be used to measure the stability of a developing phonological system. However, since the infants taking part in the present study are only 12 months of age and as such are not expected to have much of a phonological system in place yet, the WCM-SE is in this case used to estimate PC of infant vocalizations. This is possible since the phonological complexity parameters included in the WCM-SE are also based on PC as detailed in a previous paper (Marklund et al., 2018).




MATERIALS AND METHODS


Participants

Nineteen infants and their parents participated in this study (9 girls, 10 boys; 12 mothers, 7 fathers). At the time of recording the material, the infants were approximately 12 months old (mean = 12.0, range = 11.5–12.3, SD = 0.2). All infants were born full term (within three weeks of due date) and monolingual (defined as both parents speaking only Swedish with the infant). The majority of the parents (n = 15) had university education, and all had completed high school (which entails three non-obligatory years of education after the mandatory nine to ten years of basic education in Sweden). The participants constitute a subset of a larger group of subjects (n = 72), taking part in a longitudinal study in which parent–child dyads were recorded during free play every three to six months, when the child was between three months and three years.1

Participants were selected for inclusion in the present study if (a) there was a recording from the 12-month visit, (b) the infant was monolingual, and (c) there was sufficient ADS material (recorded at the 27-month visit, from the same parent as in the 12-month visit) to include in the VH analysis. The study has been approved by the Regional Ethics Review Board (2015/63-31). For the original longitudinal study, recruitment was conducted via mail. Addresses of infants in the appropriate age range and living in the greater Stockholm area were obtained via the Swedish Tax Agency, and their parents were invited to participate in the study. Parents received memory sticks with all their audio and video recordings as thanks for their participation in the longitudinal study.



Recordings

Audio and video recordings of parent–infant interaction were made at Stockholm Babylab, the Phonetics Laboratory, Stockholm University. Parent–infant dyads (one parent and the infant) were recorded in a comfortable carpeted studio equipped with age-appropriate furniture and toys. Video and audio recordings were made with three cameras (Canon XA10) mounted on the walls of the studio to capture all angles of the parent interacting with the infant. A fourth camera (GoPro Hero3), attached to the parent’s chest, enabled video uptake of the infant facing the parent. To capture high-quality audio, an additional three microphones were used. Omnidirectional wireless lavalier microphones (Sennheiser EW 100 G2) were mounted on parent and infant, and one room microphone (AKG SE 300 B) was mounted on a high shelf. In the present study, audio from the two lavalier microphones was used, since this enables high-quality close-up recordings of the parent’s speech and the infant’s vocalizations with minimal interference from the other speaker.

Each infant was recorded together with the parent for approximately 10 min, providing the infant vocalizations and the parent IDS material for the current study. The experimenter instructed parents to interact, play, and talk with their infant as they typically would at home. After instructions and equipment arrangements, the experimenters left the studio, closed the door, and monitored the session from the adjacent control room.



Vowel Hypo- and Hyperarticulation Estimations in Parent Speech Material

Estimation of VH in parent’s IDS was performed as a part of a previous study (Marklund and Gustavsson, 2020), and detailed information about the procedure can be found there. In brief, parent speech was quasi-orthographically transcribed by a team of researchers and research assistants, then automatically segmented, converted to IPA, and aligned with their audio files using the web service WebMAUS General 5.33 of the Bavarian Archive for Speech Signals at the University of Munich (Schiel, 1999; Kisler et al., 2017). Formants were estimated for the audio recordings, using default settings in Praat (Boersma and Weenink, 2018), except for formant ceiling and number of expected formants which were varied as part of a procedure for more robust formant estimation via formant ceiling optimization (Escudero et al., 2009). Since reliability of formant estimations decreases considerably with higher fundamental frequency (fo), vowel tokens with a median fo exceeding 350 Hz were excluded (Monsen and Engebretson, 1983).

VH was quantified using a novel measure, the vhh-index, which entails speaker and vowel normalization, so that VH can be estimated for each individual vowel token (Marklund and Gustavsson, 2020). A midpoint of the acoustic vowel space defined by F1 and F2 was calculated for each individual participant based on all available tokens (in this case vowels found in both ADS and IDS). This point in space served as the absolute zero point on a scale of VH, representing extreme hypoarticulation. For each vowel type, the mean formant values were then calculated, and that point in acoustic space served as the midpoint of an individual VH scale for each vowel type. The zero point and the midpoint were used to calculate a theoretical maximum of the individual VH scale, representing hyperarticulation. Individual vowel tokens were then placed along this scale and given a vhh-index based on where they appear in the acoustic space.



Phonetic Complexity Estimations in Infant Speech Material

Infant vocalizations were transcribed in ELAN 5.8-5.9 (Sloetjes and Wittenburg, 2008) using IPA. The transcriptions were performed by two experienced phoneticians (authors UM and LG) according to a protocol developed for compatibility with WCM-SE (Marklund et al., 2018).

The protocol entailed transcribing all sounds present in the Swedish phoneme inventory as described in Engstrand (1999), with the addition of a number of other common allophones (Table 1 and Figure 1). The Swedish vowel inventory consists of seventeen vowel qualities, some of which are considered pairs of phonemically contrasted long and short vowels. However, this phonematic quantity distinction is not only based on the duration of the vowel relative to adjacent consonants, but also its spectral quality (see Elert, 1964; Hadding-Koch and Abramson, 1964). Only the spectral quality was transcribed, and no length signs were used, since vowel quality is sufficient to distinguish the vowels that are awarded points in WCM-SE (Figure 1). Segments that were not possible to interpret as Swedish phonemes were annotated with “C” if consonant-like and “V” if vowel-like. If it was not possible to determine whether the sound was a consonant or a vowel, it was denoted with a square. Syllable boundaries and primary stress were also marked up in each vocalization.



TABLE 1. The Swedish consonants used in the transcription. Consonants not recognizable as any of those phonemes were marked as “C.” Adapted from IPA Chart from International Phonetic Association.
[image: Table1]
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FIGURE 1. The Swedish vowels used in the transcription. Vowels not recognizable as any of those phonemes were marked as “V.” Adapted from IPA Chart from International Phonetic Association.


All infant vocalizations were transcribed. They could consist of words, syllables, babbling, or isolated speech sounds. Laughter, crying, fuzzing, coughing, effort sounds, and vegetative sounds such as breathing, sneezes, and hiccups were not transcribed. Overlapping speech and distorted sounds were excluded. Boundaries between vocalizations were based on silence (pause or breath) and thus not dependent on interpretation of lexical content or on other linguistic information such as intonation.

Two recordings were annotated by both annotators independently to check inter-transcriber agreement. Percentage of matching characters for each transcribed vocalization was compared. Characters were IPA consonants, IPA vowels (treated as a single category in the inter-rater comparison, unless they were long, front, and rounded, i.e., relevant to the WCM-SE measure, in which case their vowel quality was taken into account), syllable markers, stress markers, and vocalization boundary markers. Inter-transcriber agreement of which vocalizations were transcribed was 70%, and out of those the average transcription inter-transcriber agreement was 78%.

To operationalize complexity in infant vocalizations, the WCM-SE was used (Marklund et al., 2018). Based on a number of phonological/phonetic complexity parameters in three domains, a complexity score is calculated for each vocalization based on how many of the parameters are present in it (Table 2). For example, the Swedish word elefant (“elephant”) produced as ele'fant results in 6 WCM-SE points, since it has more than two syllables, non-initial stress, a word final consonant, 1 consonant cluster, 1 liquid, and 1 fricative. Sko (“shoe”) produced as sku: results in 3 points and màma (“mommy”) produced as màma results in 0 points. WCM-SE points were calculated for each vocalization based on the transcriptions using a script written in R 3.5.0-4.0.2 (R Core Team, 2018). Examples of WCM-SE calculations of the material in this study can be seen in Table 3.



TABLE 2. The WCM-SE measure as implemented in the present study, based on Marklund et al. (2018). Each transcribed vocalization was given a WCM-SE score, after which a subject mean score was calculated.
[image: Table2]



TABLE 3. Examples of transcriptions of infant vocalizations, and WCM-SE calculations for the vocalizations. Syllable onsets are denoted by “.” and stress by “ˈ”.
[image: Table3]



Data and vhh-index Measures

Data consist of infant vocalization WCM-SE score and vhh-index measures of the preceding and following parent utterances. Cases where an infant vocalization was preceded or followed by another infant vocalization were excluded. Since the vhh-index is novel, and token-based measures of VH have not been used previously, a number of vhh-index measures were included for exploratory purposes. All VH measures were calculated on the level of utterances, that is, they are based on all vowels for which vhh-index could be calculated within a single parent utterance. The measures were mean vhh-index, max vhh-index, vhh-index range, hyperarticulation ratio (number of vowels with vhh-index > 50 over total number of vowels), weighted mean vhh-index, and weighted max vhh-index. The weighted mean and max vhh-index entails multiplying the vhh-index with the duration of the vowel, to give more weight to longer vowels and less weight to shorter vowels. The purpose of weighting the vowel tokens like this is to reflect their relative salience in the speech signal; a vowel with long duration entails longer exposure to its particular spectral properties than a vowel with shorter duration.



Analyses

The analyses were performed using linear mixed models. Linear mixed models are conceptually similar to regular linear regression models, except that they also account for within-subject variation, essentially allowing the model to disregard between-subject variation in favor of variation related to the independent variable.

Two linear mixed effects regressions were calculated for each of the measures of vhh-index on utterance level (mean, max, range, ratio, weighted mean, and weighted max), one on data points in which the parent utterance preceded the infant vocalization (parent–infant turns), and one on data points in which the parent utterance followed the infant vocalization (infant–parent turns). In the case of parent–infant turns, the predicted variable was infant vocalization WCM-SE score, and the fixed effects variable was the parent utterance vhh-index measure. In the case of infant–parent turns, the predicted variable was the parent utterance vhh-index measure, and the fixed effects variable was infant vocalization WCM-SE score. In both cases, random variable was participant, that is, parent–infant dyad (intercept only).




RESULTS

Data points with infant vocalizations that were outliers (thresholds: Q ± 3*IQR) in terms of WCM-SE score were removed (n = 4), leaving 580 unique vocalizations to be included in the analysis, with a mean WCM-SE score of 1.6. Outliers in terms of formant values were removed on a vowel token level prior to calculating the vhh-index, as were tokens with fo exceeding 350 Hz (Marklund and Gustavsson, 2020). The number of vowel token outliers removed was 886, and the number of high fo tokens removed was 580, leaving a total of 7,688 vowel tokens. The average vhh-index for parent utterances was thus calculated on the remaining tokens within each utterance, and as such no utterances were considered outliers. The number of unique parent utterances included in the analysis was 855, and the average vhh-index was 73.7. In the analysis, 379 parent–infant turns and 476 infant–parent turns were included.

For mean vhh-index, max vhh-index, vhh-index range, and vhh-index ratio, no significant results were found (Tables 4–7). The weighted mean vhh-index of the parent utterance significantly predicted the infant vocalization WCM-SE score in parent–infant turns (Table 8). Surprisingly, the relationship was negative, with a change of −0.022 (95% CI -0.041| -0.003) in WCM-SE score for every increase of 1 in weighted mean vhh-index. This means that a difference between neutral articulation (vhh-index = 50) and hyperarticulation (vhh-index = 100) is associated with a difference of 1.1 WCM-SE points in the infant vocalization, reflecting the addition of one complex element. No significant relationship was found between parent utterance weighted mean vhh-index and infant vocalization WCM-SE score in infant–parent turns (Table 9). The same patterns were found for weighted max vhh-index (Table 5), that is, a change of −0.012 (95% CI -0.024| -0.001) in WCM-SE score for every increase of 1 in weighted max vhh-index in parent–infant turns, but no significant relationship was found in infant–parent turns.



TABLE 4. Summary of the fixed effects of the analysis of the measure mean vhh-index in parent–infant turns (A) and infant–parent turns (B). No significant effects were found.
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TABLE 5. Summary of the fixed effects of the analysis of the measure max vhh-index in parent–infant turns (A) and infant–parent turns (B). No significant effects were found.
[image: Table5]



TABLE 6. Summary of the fixed effects of the analysis of the measure vhh-index range in parent–infant turns (A) and infant–parent turns (B). No significant effects were found.
[image: Table6]



TABLE 7. Summary of the fixed effects of the analysis of the measure vhh-index ratio in parent–infant turns (A) and infant–parent turns (B). No significant effects were found.
[image: Table7]



TABLE 8. Summary of the fixed effects of the analysis of the measure weighted mean vhh-index in parent–infant turns (A) and infant–parent turns (B). According to the t-as-z approach to estimate statistical significance (thresholds ±1.96; Luke, 2017), the effect of weighted mean vhh-index in the parent utterance can be considered significant in infant–parent turns (marked by an asterisk).
[image: Table8]



TABLE 9. Summary of the fixed effects of the analysis of the measure weighted max vhh-index in parent–infant turns (A) and infant–parent turns (B). According to the t-as-z approach to estimate statistical significance (thresholds ±1.96; Luke, 2017), the effect of weighted max vhh-index in the parent utterance can be considered significant in infant–parent turns (marked by an asterisk).
[image: Table9]



DISCUSSION

The results show a negative relationship between parent VH in IDS to their 12-month-old infants and the PC of infant vocalizations on a turn level; specifically, the more hyperarticulated a parent utterance is, in terms of mean and max vhh-index weighted for vowel duration, the less phonetically complex the following infant vocalization is, in terms of WCM-SE score.

This is a somewhat surprising finding since previous findings on the same data show a positive relationship between parent VH and PC of infant vocalizations on the level of individual dyads (Marklund et al., accepted). Based on previous findings, it was expected that if any relationship was found, it would be a positive one, that is, a high degree of VH in the parent utterance would be followed by high PC in the infant vocalization, or high PC in the infant vocalization would be followed by a high degree of VH in the parent utterance.

In the previous study, the positive correlation between infants’ WCM-SE scores and parents’ VH (measured in vowel space area) could indicate that parents’ articulation impact infants’ production and/or that infants’ production impact parents’ articulation, or that a third, underlying variable mediates the relationship. For example, it is possible that articulatory adaptiveness is a specific realization of a general communicative adaptiveness, and that other components of this general adaptiveness may be the driving factors for any potential benefit for language development, rather than VH in itself.

In the present study, both the direct impact of VH on a turn level and the directionality of any potential effect were investigated. The negative relationship that was found between infant WCM-SE score and parent vhh-index suggests that there is a direct, in-the-moment causality between the two, and directionality of the effect was indicated by the fact that the effect was only significant in parent–infant turns.

Had the effect been significant in both directions, one potential interpretation could have been that parents are responsive and use a high degree of VH to support the linguistic needs of infants with less mature vocalizations overall. However, previous studies have shown that parent VH is typically attenuated rather than increased in interaction with atypically developing infants or infants at risk for developmental delays (Lam and Kitamura, 2010; Kalashnikova et al., 2018). It is therefore not necessarily the case that increased VH would be expected in response to immature vocalizations either. Regardless, the effect was found only in parent–infant turns, suggesting that it is the parents’ articulation that has an impact on the infant vocalization.

There is no reason to believe that an infant would try less hard in their production as a direct response to high degrees of VH in the preceding parent utterance. However, high levels of hyperarticulation in the input might mean more or novel phonetic information to process for the infant. This could potentially leave less energy or focus for the infant in regard to the next task, that is, production of the next vocalization. This is in line with the resource limitation hypothesis which states that task demands (in addition to the developmental level of the infant) may impact attention to critical details of the speech signal (Curtin et al., 2011). Another possibility is that there might be other characteristics of parent utterances with high VH that elicit other types of responses from the infant. As an example, also in line with the resource limitation hypothesis, VH typically occurs when introducing words that are rare or have dense phonological neighborhoods (Munson and Solomon, 2004), and so utterances with incidental high VH may claim additional processing resources because they introduce new or complex linguistic information.

There are limitations to this study that should be acknowledged. The study has a relatively small sample size, although in line with previous similar studies (e.g., Liu et al., 2003; Hartman et al., 2017; Kalashnikova and Burnham, 2018; García-Sierra et al., 2021). However, by using the vhh-index as the measure of VH and linear mixed models for the analysis, multiple data points per participant could be used. Nevertheless, the small sample may be a contributing factor to the null findings in most of the vhh-measures.

There are a few things to take into consideration with regards to the complexity measure of the infant vocalizations, the WCM-SE score (Marklund et al., 2018). The choice to use this measure, even if the infants that took part in the study were too young to have a phonological system in place, was motivated because the measure is based on phonetic principles. Nevertheless, it makes assumptions of an underlying phonological system in the making and this may affect the complexity score. An additional issue is that transcription of young infants’ vocalizations is notoriously difficult. The choice here was to use quite broad phonetic transcriptions compatible with the WCM-SE grading, but phonetic segments are quite detailed and perhaps not optimal representations of early vocalizations. On a related note, the interrater reliability in this study can be considered low, especially if compared to transcriptions of adult speech. It can, however, be considered a reasonable level of agreement when transcribing young infants’ vocalizations on this level of detail. Previous studies with less detailed annotations (e.g., canonical babbling vs. non-canonical babbling or syllable counts) report between 70 and 84% interrater reliability (Warlaumont and Ramsdell-Hudock, 2016; Lieberman et al., 2019), and the agreement in this study lies within that range (70 and 78%).

In addition, the study uses a method to quantify VH in the parent speech, the vhh-index, which has only recently been developed (Marklund and Gustavsson, 2020) and not yet evaluated thoroughly. There are ways in which this measure could be improved on theoretical grounds, for example, the current algorithm for placing tokens in the hyperarticulation direction of the hypo-/hyper-scale does not punish deviations in one of the two formant frequencies, and such deviations should in theory impact the calculated vhh-index. Applying this novel measure in multiple ways increases the risk for spurious significant findings, but since no previous research exists as basis for methodological choices, this was deemed justified in this study.

Furthermore, high fo is one of the most consistently reported characteristics of IDS (e.g., Fernald et al., 1989); however, tokens with fo of more than 350 Hz were excluded since they are highly unreliable in terms of formant measures (Monsen and Engebretson, 1983). These exclusions introduce a potential validity issue. However, keeping high fo tokens in the analysis is not a viable option, since the fact that their formant estimation likely are inaccurate would be a major reliability issue.

There is also the possibility that the fact that recordings were made in a laboratory impacted the way that parents and infants interacted. However, previous research has shown both that young children speak similarly in different contexts such as laboratory setting or at home (Stevenson et al., 1986; Bornstein et al., 2000), and that mothers’ speech is similar in laboratory setting and home, in particular after the first few minutes (Stevenson et al., 1986; although see Belsky, 1980 for differences in amount of parent speech in laboratory vs. home settings). In this study, parents were familiar with the laboratory setting since the families visited regularly to make recordings as part of the longitudinal study. The recording used in this study was made during parents’ and infants’ third or fourth visit to the laboratory. The literature also confirms that the presence of an observer does not necessarily negatively affect the nature of interaction (Gardner, 2000). Parents in this study were aware that various aspects of parent-child interaction were to be studied but they were not informed specifically about any analyses of articulation, which minimizes the risk that they would articulate in a way that was less natural to them.

The unexpected findings are difficult to interpret and explain in the light of existing knowledge, and one reason is that this study is the first of its kind. Given this, as well as the limitations listed above, it is premature to talk about new insights into the relationship between VH in parent IDS and infant speech production based on the findings this study. They have, however, contributed to new thoughts about how perceptual processing demands potentially impacts infant production, which need to be addressed in future studies, together with further evaluation of the VH and PC measures used in this study.

In conclusion, the present study reports a negative relationship between VH in parent utterances and PC in immediately following infant vocalizations. No relationship was found between PC in infant vocalization and VH of the immediately following parent utterance. That is, a negative relationship between parent VH and infant PC was found on the level of conversational turns, and the directionality suggested was that parent utterances influence infant vocalizations rather than the opposite.
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Child-directed speech, as a specialized form of speech directed toward young children, has been found across numerous languages around the world and has been suggested as a universal feature of human experience. However, variation in its implementation and the extent to which it is culturally supported has called its universality into question. Child-directed speech has also been posited to be associated with expression of positive affect or “happy talk.” Here, we examined Canadian English-speaking adults' ability to discriminate child-directed from adult-directed speech samples from two dissimilar language/cultural communities; an urban Farsi-speaking population, and a rural, horticulturalist Tseltal Mayan speaking community. We also examined the relationship between participants' addressee classification and ratings of positive affect. Naive raters could successfully classify CDS in Farsi, but only trained raters were successful with the Tseltal Mayan sample. Associations with some affective ratings were found for the Farsi samples, but not reliably for happy speech. These findings point to a complex relationship between perception of affect and CDS, and context-specific effects on the ability to classify CDS across languages.

Keywords: child-directed speech, infant-directed speech, positive affect, universality, cross-language perception


INTRODUCTION

Many decades of research have supported the idea that adults speak in a specialized register, with particular acoustic and linguistic features, when speaking to infants and young children than when speaking to adults (Soderstrom, 2007; Golinkoff et al., 2015). This special form of speech, known as child-directed speech (CDS), encompasses a wide variety of particular characteristics, including higher and more variable pitch, simplified vocabulary, shortened utterances, and changes to articulatory/phonetic properties, and it has been found to support early language development. Indeed, studies suggest that exposure to more and higher quality CDS is associated with faster vocabulary development, while overheard speech generally is not (Weisleder and Fernald, 2013; Ramírez-Esparza et al., 2014). However, recently a longstanding debate about the role of cultural specification in CDS has again bubbled to the surface (e.g., Ferguson, 1978; Ochs, 1982; Pye, 1986; and more recently, Golinkoff et al., 2019; Sperry et al., 2019)–i.e. to what extent is CDS (and its role in language development) universal? Although this debate is complex and multifaceted, one important component is the finding that in cultures in which CDS is not prominent, children appear to meet language development milestones on a roughly similar timeframe (Brown, 2011, 2014; Casillas et al., 2020a,b).

There are two components to the question of CDS across languages and cultures. One is that of quantity–to what extent do different cultures use the CDS register (or talk to their infants in any register)1 at similar rates? Although theoretically important, in the current study we set this question aside and ask a different question: How universal are the features of CDS? In other words, when adults do talk to their infants/young children (henceforth simply “infants”), however rare or common this may be, is their speech recognizable as CDS by speakers of another language?

A distinctive CDS register has been documented in a wide variety of languages, ranging from a multitude of Western and Asian languages (e.g., Fernald et al., 1989; Fernald and Morikawa, 1993; Soderstrom, 2007 and references therein), and geographically diverse places such as the Middle East (e.g., Zeidner, 1983; Farran et al., 2016) Kenya and Fiji (Broesch and Bryant, 2015) and Vanuatu (Broesch and Bryant, 2018), leading some to suggest that this register is indeed a universal feature of human interaction between caregivers and infants. More questionable, perhaps, is the idea that CDS has similar interactive functions and takes similar forms cross-culturally (e.g., Ferguson, 1978; Fernald et al., 1989). While documented similarities exist across a broad spectrum of languages and cultures, cross-linguistic and cross-cultural work suggests that there are few—if any— truly universal features of language directed to children. The lack of universals is due in large part to variation in caregivers' views about how children should be socialized as recipients and producers of language (e.g., Stross, 1972; Heath, 1983; Bernstein Ratner and Pye, 1984; Ochs and Schieffelin, 1984, 2011; Pye, 1986; Schieffelin and Ochs, 1986; Rogoff et al., 1993; Ingram, 1995; Gaskins, 2006) but has also been linked to typological variation across languages (e.g., an absence of consonant cluster simplification because the language has few clusters to begin with) or use of some CDS-related cues for other social means (e.g., high pitch use when talking to high-status adult speakers; Pye, 1986).

Across a range of unrelated cultural communities, the idea of special “babytalk” words, linguistic simplifications of any kind, or adult interpretations of infant communicative intent is seen as detrimental to children's language development or even inappropriate given children's lower social status or lack of potential as an addressee (e.g., Heath, 1983; Ochs and Schieffelin, 1984; Pye, 1986; LeVine et al., 1994; see Gaskins, 2006 for a review). With infants and toddlers alike, patterns of caregiver responsiveness to children's bids for attention also varies given cultural norms. For example, caregivers in some contexts more consistently respond to negative than positive infant vocalizations and do so more often through non-verbal than verbal means (e.g., Yucatecy Maya and Gusii vs. Euro-American caregivers; Gaskins, 1990; LeVine et al., 1994), meanwhile older children's verbalized needs are met in some contexts with responses that do not invite further contributions from the child (e.g., Quiché Maya, Kaluli, and Tseltal Maya caregivers; Stross, 1972; Ochs and Schieffelin, 1984; Pye, 1986; Brown, 2011, 2014) or are implemented via a caregiver of more proximal social status to the child (e.g., Samoa; Ochs and Schieffelin, 1984). A common thread through most of these non-urban, traditional contexts, is that the child is encouraged to meet the demands of their interactional milieu and not the other way around; in her review, Gaskins (2006) lays out at least three dimensions of child socialization that may affect CDS content and format, including caregiver ideas about: (a) the acceptability of infants broadcasting their positive/negative inner experiences, (b) in what circumstances infants are allowed to influence the actions of others, and (c) how infants can and should go about exploring the physical world. Cross-cultural variation along these and other dimensions renders affective or communicatively functional universals of CDS highly unlikely. Indeed, even similar apparent patterns of behavior may derive from different cultural motives; e.g., the lack of simplification in speech to children is done by Kaluli caregivers to support robust language development and by Samoan caregivers to maintain the status relations that permeate all other aspects of daily life (Ochs and Schieffelin, 1984).

Even among the language communities where CDS is reported to be distinct from ADS in ways that partly overlap with the distinction in English and other urban, Western linguistic contexts, there is variation in the strength and character of its implementation (e.g., Bernstein Ratner and Pye, 1984; Kitamura et al., 2001; Broesch and Bryant, 2018). Indeed, it has been suggested that North American English is a particularly extreme example of the phenomenon (Fernald et al., 1989; Shute and Wheldall, 1989), which may introduce bias in our understanding, since the majority of studies in child language come from North America. This variation calls into question how robustly universal CDS may be.

One characteristic of CDS that is highly relevant to the question of its universality is its reported relationship to positive affect. The primary prosodic characteristics of CDS, i.e., higher and more variable pitch, are also associated with the communication of positive affect or friendliness (e.g., Fernald, 1992; Kalashnikova et al., 2017), and some studies have even suggested that the well-established infant preference for listening to CDS (The ManyBabies Consortium, 2020) may primarily stem from a preference for positive affect (Singh et al., 2002). For this reason, questions about the universality of the expression of affect and the universality of CDS may be intertwined. While there is evidence that the vocal expression of emotion may be recognized above chance performance across disparate cultures (e.g., Sauter et al., 2010; Chronaki et al., 2018), there also appears to be substantial variation in its expression and perception, with advantages in perception of native-language expression (Chronaki el al.). The extent to which affect may have universal components remains controversial (see e.g., Gendron et al., 2015; Sauter et al., 2015).

In the domain of CDS, recent work by Bryant and colleagues provides evidence in favor of universality by showing that adults can identify both CDS and speaker communicative intentions across very different cultures and languages. In one study (Bryant and Barrett, 2007), adults from a Shuar (hunter-horticulturalist) village in Ecuador were able to discriminate, at about 70% accuracy, CDS from ADS samples spoken by English adults. They were also able to discriminate four categories of communicative intention (attention, prohibition, approval, comfort), with somewhat better performance in the CDS than the ADS samples. This latter result is consistent with similar findings within an English-to-English study (Fernald, 1989). Similar results to the Shuar findings were found in a later study involving adults from a Turkana (pastoralist) community in Northwestern Kenya, although there was less evidence for a role of CDS in facilitating the recognition of intention (Bryant et al., 2012).

In the current study, we add to this small body of research on cross-cultural perception of CDS. We build on the existing studies by Bryant and colleagues in several ways. First, we extend the analysis to two new languages/cultural contexts in order to add depth to the question of universality and cross-cultural similarities and differences: one an Iranian urban Farsi-speaking community (Experiment 1), and the other a small-scale subsistence Tseltal Mayan community in Southern Mexico (Experiment 2). In our study, we also “turn the tables” by asking English-speaking participants to discriminate samples from these other languages. Additionally, we add an element of ecological validity to the analysis by using audio samples that were recorded in a semi-naturalistic elicitation task (Farsi sample) and fully naturalistic realworld recordings (Mayan sample). In Experiment 2, we present data collected from trained research assistants (Experiment 2a) and from naive listeners (Experiment 2b). Finally, we explicitly examine the relationship between identification of CDS and perception of positive affective emotions. Specifically, we ask the following questions:

1. Can English speakers accurately discriminate CDS from ADS in two unfamiliar languages, Tseltal and Farsi?

2. Are speakers more likely to label speech as CDS if they perceive it to contain high positive affect (regardless of its actual status of CDS/ADS)?

In addressing these questions, we note that the questions of a potential relationship between CDS and affectively positive speech, the potential universality of CDS, and the potential universality of affective features are not straightforward to disentangle experimentally. See Table 1 for a summary of predicted outcomes given various hypotheses. In the current study, since we have no access to a “ground truth” identification of the speakers' intended affective communication, we start from the assumption (possibly unwarranted, but at least partially supported by the above-cited literature) that some degree of universal characteristics of affect are perceivable across languages–in other words that English speakers will hear happy speech produced by Farsi and Tseltal Mayan speakers as happy. We will return to this assumption in the Discussion section in order to more fully address the implications of this limitation.


Table 1. Overview of predicted outcomes for the present analysis, given various (simplified) ground truth conditions.
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EXPERIMENT 1: FARSI


Materials and Methods
 
Adult Participant Raters

English-speaking participant raters were recruited through the Introductory Psychology subject pool at the University of Manitoba in Winnipeg, Canada, and received course credit for their participation. The research was approved through the Psychology-Sociology Research Ethics Board of the University of Manitoba, and informed consent was obtained from each participant. Inclusion criteria included English as a primary language spoken and normal hearing. A total of 41 participants were included in the final sample. One participant was excluded after partially completing the study as they self-identified as being familiar with Farsi.



Stimuli

Farsi recordings were collected from a sample of mother-infant dyads in Tehran, Iran during a playgroup for mothers and babies. The research was approved through the Psychology-Sociology Research Ethics Board of the University of Manitoba, and informed consent was obtained in Farsi from each participant from an Iranian native (the 6th author) who collected the samples. Dyads were recorded in an adjacent room to the playgroup, however there is some ambient noise from the playgroup in the recordings. In total, recordings from N = 9 mothers were used in the rating study. Infants were aged 2–9 months.

CDS and ADS samples were collected using a semi-naturalistic task developed for the elicitation of CDS samples (The ManyBabies Consortium, 2020). For the CDS samples, mothers took a series of ten objects out of a bag and talked about the objects with their infant one at a time. The same procedure was implemented for the ADS using the Farsi-speaking researcher as the interlocutor. Recordings were later segmented and transcribed in ELAN (Wittenburg et al., 2006) by a different native Farsi speaker at the University of Manitoba. Each utterance was tagged as child-directed or adult-directed.



Rating Procedure

This experiment was run in the context of an honors thesis on the part of the 4th author examining the relationship between affective/emotion labels and CDS. Audio clips were segmented from the recordings using custom processing software written by our lab based on the transcripts. Utterances that had been tagged as being produced by an adult were pulled from the larger recording and turned into short wav files. Each clip was identified as to whether it was directed to an adult or the infant based on the annotator tags. These wav files were then randomly shuffled so that the clips were no longer in chronological or recording order. The recordings were then split into four relatively even stimulus groups with between 150 and 174 clips in each group.

Each participant was assigned randomly to one of the four stimulus groups. The study took 1–1.5 h to complete, and participants were offered a 5-min break halfway through to avoid effects of fatigue. Using a custom Python script developed in our lab, the utterances were presented as individual audio clips to each participant, who was asked to identify them as child-directed or adult-directed using the appropriate button, and their confidence in this rating on a scale from 0 to 4. For each clip, they were also asked to rate the extent to which the speaker in each clip exhibited the following characteristics: Happy, angry, sad, soothing, loving, exaggerated. The scale ranged from 1 to 5 with 3 as “neutral.” They were also asked to rate the extent to which the background noise was distracting (on the same scale), as a check on the quality of the audio. Background noise ratings were low indicating this was not a significant concern. An exit survey assessed their knowledge of infant-directed speech and the characteristics they used in deciding how to classify each clip (these data were not analyzed further for this study).




Analysis

The two primary hypotheses were pre-registered on OSF prior to conducting the analyses: https://osf.io/wq5af However, because the Farsi data originate from an honors thesis project, some of the authors were aware of the findings of a similar analysis conducted on these data prior to the pre-registration.


Confirmatory Analyses

All statistical analyses were conducted in R with the lme4 packages (Bates et al., 2015; R Core Team, 2020) and all figures were generated with ggplot2 (Wickham, 2016).

Analysis scripts and raw anonymized data are available at https://github.com/BLLManitoba/LabellingPaperData2020. Our dependent measures Accuracy (main model) and Addressee (exploratory model) are both binary measures–correct/incorrect and cds/ads, respectively.

We used a binomial mixed-effects logistic regression of accuracy to both determine whether there are differences in English speakers' ability to identify ADS and CDS in an unfamiliar language (hypothesis 1) and whether positive affect plays a role in determining intended addressee (hypothesis 2).

The simple effects included in the main model were Addressee (cds/ads), Confidence, sounds Happy, sounds Loving, sounds Soothing, and sounds Exaggerated2. We also included the interaction terms between the positive affect measures and Addressee. Note that these models only take one reference level as the default for comparison for each factorial predictor (e.g., it will compare one level of the affect measure to each of the others but doesn't do full pairwise comparisons between the different levels of affect). We set the neutral rating as our reference group (affect measures). Therefore our models give us pairwise difference information between neutral rating and each of the other affect rating levels, but not for the pairwise differences between other levels (e.g., somewhat happy vs. extremely happy).



Exploratory Analysis

To further explore the role positive affect plays in identifying CDS compared to ADS, we fit a binomial mixed-effects logistic regression with Addressee (cds = 0, ads = 1) as our dependent measure. The simple effects in this model were positive affect measures of sounded happy, loving, soothing, and exaggerated. We again used the “Neutral” rating as our reference group.




Results

Descriptive statistics for Accuracy are shown in Table 2. Figure 1 provides a breakdown of the ratings for each affect measure by addressee. Note that the affective rating for all four measures was higher for child-directed than adult-directed speech.


Table 2. The Experiment 1 counts, means, and standard deviations for Accuracy broken out by cds, ads, and overall performance.
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FIGURE 1. Average rating of each of the positive affect measures by addressee. The error bars represent the 95% CIs. The rating scale was 1–5 with 1 being “extremely not sounding” like that emotion, 3 being neutral, and 5 being “sounded extremely” like that emotion. Thus, average ratings >3 suggest a tendency to rate the speech as containing this emotion and values <3 suggest the speech was rated as not sounding like that emotion.



Confirmatory Analyses

As predicted, across all the clips participants' average accuracy identifying a speaker's intended addressee in an unfamiliar language was well above chance (82.1%, sd = 0.38). Our model of Accuracy included Addressee, Confidence, sounded Happy, sounded Sad, sounded Loving, sounded Soothing, sounded Exaggerated, the interaction terms for addressee with each of the 4 positive affect measures, and random intercepts by recording [N = 6150, log-likelihood = −2,179.1, overdispersion estimate = 2.61; formula: Accuracy ~ Addressee + Confidence + happy + love + sooth + exaggerate + Addressee*happy + Addressee*love + Addressee*sooth + Addressee*exaggerate + (recording)].

The participants' Accuracy significantly differed by Addressee, Confidence, and the interactions between Addressee and sounded Soothing, sounded Loving and sounded Exaggerated. Accuracy was significantly lower for ads compared to cds (B = −0.57, SE = 0.15, z = −3.81, p < 0.001). Participants' accuracy significantly improved with higher ratings of confidence (B = 0.29, SE = 0.04, z = 7.06, p < 0.001). The model also revealed significant interactions between addressee and speech that sounded soothing, loving, or exaggerated.

To fully interpret the interactions, we used planned comparisons with a Bonferonni correction (alpha adjusted to < 0.01) to determine how the specific affect ratings impacted accuracy for cds relative to ads. Across the three significant affect measures a similar pattern of results emerged. We found a significant decrease in accuracy for cds tagged as “Somewhat not loving” compared to ads (B = −0.87, SE = 0.27, z = −3.21, p < 0.01), a significant relative increase in the accuracy of cds tagged as “Somewhat Loving” (B = 1.41, SE = 0.23, z = 5.98, p < 0.001) and “Extremely Loving” (B = 2.07, SE = 0.64, z = 3.22, p < 0.01), and no differences in cds and ads that was rated as neutral or Extremely Not Loving (p > 0.24). For Soothing, we found a significant relative increase in the accuracy of cds tagged as “Somewhat Soothing” (B = 1.56, SE = 0.24, z = 6.57, p < 0.001) and “Extremely Soothing” (B = 2.99, SE = 0.71, z = 4.19, p < 0.001), and a marginal difference in cds and ads that was rated as neutral (B = −0.51, SE = 0.29, z = −1.74, p = 0.08). Finally, we found that accuracy significantly increased relative to ads for cds clips labeled “Somewhat Exaggerated” (B = 0.98, SE = 0.21, z = 4.78, p < 0.001) and “Extremely Exaggerated” (B = 2.48, SE = 0.57, z = 4.38, p < 0.001), and significantly decreased in accuracy for cds clips labeled “Somewhat Not Exaggerated” (B = −1.68, SE = 0.22, z = −7.71, p < 0.001) and “Extremely Not Exaggerated” (B = −2.24, SE = 0.43, z = −5.23, p < 0.001). The full results of the best-fit model are reported in Supplementary Table 1. Overall, for each of loving, soothing and exaggerated (but not happy), in general higher ratings led to higher likelihood of accurately identifying CDS compared with ADS. In other words, being rated as loving, soothing and exaggerated increased the likelihood of being labeled as CDS.



Exploratory Analysis

To probe the effect of emotion rating on cds labeling more directly, our exploratory model used addressee (as identified by the raters, not ground truth) as the dependent measure and included the predictors sounded happy, sounded loving, sounded soothing, sounded exaggerated and the random intercepts by recording [N = 6,150, log-likelihood = −2,660.8, overdispersion estimate = 23.05; formula = Addressee ~ happy + love + sooth + exaggerate + (recording)].

The model revealed that speech tagged as Extremely Not Happy was marginally more likely to be identified as cds compared to ads (B = −0.52, SE = 0.31, z = −1.66, p = 0.098), speech tagged as “somewhat not happy” was significantly more likely to be ads (B = 0.55, SE = 0.10, z = 5.49, p < 0.001), clips labeled “Somewhat Happy” were significantly more often labeled cds (B = −0.69, SE = 0.09, z = −8.07, p < 0.001) and “Extremely Happy” clips were marginally more often cds (B = −0.34, SE = 0.18, z = −1.91, p = 0.056). We found that cds clips were significantly more frequently labeled “Somewhat Loving” (B = −0.71, SE = 0.10, z = −6.86, p < 0.001) and “Extremely Loving” (B = −1.68, SE = 0.28, z = −6.10, p < 0.001). For Soothing, we found that cds clips were significantly more frequently labeled “Somewhat soothing” (B = −0.58, SE = 0.11, z = −5.55, p < 0.001) and “Extremely soothing” (B = −1.51, SE = 0.29, z = −5.24, p < 0.001), and clips labeled “Somewhat Not Soothing” were significantly more frequently ads (B = 0.25, SE = 0.11, z = 2.28, p < 0.05). Finally, we found that cds clips were significantly more frequently labeled “Somewhat Exaggerated” (B = −1.14, SE = 0.09, z = −12.53, p < 0.001) and “Extremely Exaggerated” (B = −2.54, SE = 0.24, z = −10.68, p < 0.001), and significantly more frequently ads was labeled “Somewhat Not Exaggerated” (B = 0.39, SE = 0.09, z = 4.40, p < 0.001) and “Extremely Not Exaggerated” (B = 0.94, SE = 0.17, z = 4.88, p <0.001). Figure 2 shows the interaction between the four affect measures and Addressee and the full results of the best-fit model are reported in Supplementary Table 2. Overall, these results are consistent with the confirmatory analysis that being rated as loving, soothing and exaggerated increased the likelihood of being labeled as CDS, while the results for happy were more mixed.
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FIGURE 2. Levels of sounded Happy (top left), sounded Loving (top right), sounds Soothing (bottom left), and sounded Exaggerated (bottom right) for the interactions with Addressee for Experiment 1. The log odds of each affect level are plotted on the y-axis and the shaded areas represent the 95% CIs. The interactions between Addressee and Loving, Soothing and Exaggerated were significant. Neutral is graphed on the left as it was the reference level.






EXPERIMENT 2: TSELTAL MAYAN

Experiment 1 provided evidence in favor of our first hypothesis, that English-speaking adults could discriminate CDS from ADS in an unfamiliar language (Farsi). It also showed that there was a relationship between those judgments and raters' perception that the clips were “loving,” “soothing” and/or “exaggerated” (but less clearly for “happy”).

In Experiment 2, we conducted a parallel analysis on speech from a Tseltal Mayan sample. These clips differed from the Farsi clips on a number of characteristics in addition to the language: They were highly naturalistic samples from everyday life (vs. semi-naturalistic speech from an elicitation task), and came from a rural, horticulturalist community in Mexico vs. a urban industrialized community in Iran. In Experiment 2, for the CDS/ADS distinction, we also present rating data collected from a small number of trained research assistants (Experiment 2a) in addition to the naive participant raters (Experiment 2b).


Materials and Methods
 
Adult Participant Raters

For Experiment 2a, raters were five trained research assistant transcriber-annotators in the Baby Language Lab at the University of Manitoba. All spoke Canadian English as their primary language and had normal hearing. The ratings were collected as part of their normal duties processing the audio files as transcriber-annotators.

For Experiment 2b, participant raters were recruited as in Experiment 1. Inclusion criteria included English as a primary language spoken and normal hearing. Thirty-two participants rated the samples for CDS/ADS and a separate 32 participants rated the samples for affect. Two additional participants' data were excluded: One started the experiment but decided to stop labeling after a handful of clips. Another participant in the affect group completed a unique set of clips designed to fill in missing data that the other participants in the affect group had not labeled during the experiment. However, it was ultimately decided not to include these data as it would have added problematic complexity to the model.



Stimuli

The Tseltal recordings were collected in 2015 from children growing up in a rural, horticulturalist Tseltal Mayan village in the Chiapas highlands of Southern Mexico. The research was approved through the Radboud University Social Sciences Ethics Committee and informed consent was collected verbally and interactively in Tseltal from the members present in each recorded household. Children and their families were visited on the morning of the recording day by the 2nd author and a local research assistant who would conduct informed consent and give instructions before fitting the target child with an elastic vest containing a lightweight stereo audio recorder (Olympus WS-832) across the chest and a miniature photo camera (Narrative Clip 1) on the shoulder strap. The researchers then left the child and family to go about their ordinary business for the day, returning 7–11 h later to collect the recording equipment. The original corpus contains recordings from 55 children under 4;0. A subset of N = 10 children under 3;0 were selected for manual annotation of language activity (see Brown, 2011, 2014 and Casillas et al., 2020b for more information regarding the Tseltal cultural context). These recordings are available via the Casillas HomeBank repository (Casillas et al., 2017).

Nine 5-min clips were randomly selected from throughout each of the 10 children's recording days and were then fully annotated for all hearable speech from the target child and others in their environment by the 2nd author and a local research assistant. Each stretch of non-target-child speech was assigned to a speaker identity (e.g., the child's aunt/brother/etc.), annotated for addressee (e.g., target-child-directed, other-child-directed, adult-directed, etc.), transcribed, and loosely translated into Spanish (Casillas et al., 2020b) in ELAN (Wittenburg et al., 2006). In the present study we used the speaker identity and intended addressee annotations to extract relevant clips to present to English-speaking participants (see below).



Rating Procedure: Trained Raters

These data were collected as part of the general processing and classification of the Tseltal Mayan samples described above in preparation for future studies (such as Experiment 2b). Stimuli were generated by running custom software similar to the software used to process the Farsi language recordings. The software took the previously labeled and tagged longform Tseltal language recordings and generated short wav files of utterances directed at adults and children that were made by male and female adult speakers. In the current analysis only the data from female speakers was included for greater consistency with the analyses in Experiments 1 and 2b. In total, there were 5,291 clips that met these criteria. However, 2 clips were missed during the analysis, so a total of 5,289 clips were included in the sample. The order of the clips was not randomized. Trained research assistants labeled the clips according to their perception of whether the utterances were adult or child directed, or whether the clip was too noisy and should be classified as junk (N = 210; due to the naturalistic nature of these recordings in multi-speaker, and variable indoor and outdoor rural environments, there was a high degree of ambient noise). These latter were excluded from further analysis. The research assistant also gave a rating of their confidence on a scale of one to five, with one being not at all confident, and five being fully confident in their assessment of the clip's directive target. Affective ratings were not collected in this analysis.



Rating Procedure: Naive Raters

This experiment was run as part of an undergraduate research project examining the relationship between maternal and infant vocal affect in naturalistic interactions. A total of 2,631 clips were randomly sub-selected from those in 2a (excluding noisy clips). Clips were generated from solely female adult speakers' utterances that were tagged as being directed at an adult or a child. We then randomly grouped the clips into through 3 roughly equal groups. Participants were randomly assigned to one of the sets. Half of the participants were instructed to label addressee (ads/cds group) and the other half were assigned to label the speakers' affect (affect group) to ultimately form 32 dyads. Infant vocal affect was also rated by a separate group of participants but those data are not reported here.

The study took 45–60 min to complete. Each participant would rate clips until they were finished or their hour time slot was up. Using a custom Python script based on that of Experiment 1, the utterances were presented as individual audio clips to each participant. Participants in the ADS/CDS group were asked to identify them as child-directed or adult-directed using the appropriate button, and their confidence in this rating on a scale from 0 to 4. Participants in the affect group rated the clips according to the categories of loving, soothing, happy, and excited, with a scale from 1 “neutral” to 5 “extremely [category].” Note that these categories are similar, but not identical, to those used in Experiment 1.




Analysis

As noted above, the two primary hypotheses were pre-registered on OSF prior to conducting the analyses: https://osf.io/wq5af.


Confirmatory Analyses (Trained Raters)

Similar to Experiment 1, we used a binomial mixed-effects logistic regression of accuracy to determine whether there are differences in English speakers' ability to identify ADS and CDS in an unfamiliar language (hypothesis 1). The simple effects included in the main model were Addressee (cds/ads) and Confidence (from the CDS/ADS group).



Confirmatory Analyses (Naive Raters)

Confirmatory analyses were conducted parallel to those described for the Farsi data. The simple effects included in the main model were Addressee (cds/ads), Confidence, sounds Happy, sounds Loving, sounds Soothing, and sounds Excited and the interaction terms of each affective measure with Addressee. We again set the neutral rating as our reference group (affect measures), though note that neutral in this model was the lowest rating (1) rather than the middle rating (3). As a reminder, the data from Addressee and from affect ratings were collected from different (paired) participants in this model.



Exploratory Analysis (Naive Raters)

As with Experiment 1, we fit a binomial mixed-effects logistic regression with Addressee (cds = 0, ads = 1) as our dependent measure. The simple effects in this model were positive affect measures of sounded happy, loving, soothing, and excited. We again used the “Neutral” rating as our reference group.




Results

Descriptive statistics for Accuracy are shown in Table 2, Figure 3 provides a breakdown of the ratings in Experiment 2b for each affect measure by addressee. Note that the affective rating for all four measures did not differ between child-directed and adult-directed speech.
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FIGURE 3. Average ratings of the positive affect measures by addressee from Experiment 2b. The error bars represent the 95% CIs. The ratings on this scale were from 1 to 5 with 1 being neutral and 5 being “sounded extremely” like that emotion.



Confirmatory Analyses (Trained Raters)

Similar to Experiment 1, across all the clips raters' average accuracy identifying a speaker's intended addressee in an unfamiliar language was well above chance at 80.1% (sd = 0.39, see Figure). However, unlike the participants in Experiment 1 the labellers in Experiment 2 had higher accuracy tagging ads clips (M = 0.84, SD = 0.37) compared to cds clips (M = 0.78, SD = 0.41). Our binomial mixed-effects logistic regression of Accuracy included Addressee and Confidence as fixed, and random intercepts by recording [N = 5,289, log-likelihood = −2,332.4, overdispersion estimate = 1.32; formula = Accuracy ~ Addressee + Confidence + (recording)]. Accuracy was significantly lower for cds compared to ads (B = −0.83, SE = 0.09, z = −9.44, p < 0.001). Higher confidence predicted improved accuracy (B = 0.89, SE = 0.05, z = 17.73, p < 0.001).



Confirmatory Analyses (Naive Raters)

Counter to our prediction and unlike the participants in the prior two analyses, the naive labellers' average accuracy identifying a speaker's intended addressee in an unfamiliar language was approximately at chance (M = 0.52, SD = 0.50) and this was true for both cds (M = 0.51, SD = 0.50) and ads (M = 0.52, SD = 0.50). To explore the participants' performance statistically, we used a similar model structure from Experiment 1. Our model of Accuracy included fixed effects for Addressee, Confidence, sounded Happy, sounded Loving, sounded Soothing, sounded Excited, the interaction terms for addressee and the 4 positive affect measures, and random intercepts by recording [N = 2,631, log-likelihood = −1757.3, overdispersion estimate = 2.87; formula = Accuracy ~ Addressee + Confidence + happy + love + sooth + excited + Addressee*happy + Addressee*love + Addressee*sooth + Addressee*excited + (recording)].

The participants' Accuracy significantly differed by Addressee, Confidence, and the interaction between Addressee and sounded Excited. Accuracy was significantly lower for cds compared to ads (B = −0.79, SE = 0.21, z = −3.83, p < 0.001). Surprisingly, there was a decrease in participants' accuracy the higher they rated their confidence (B = −0.14, SE = 0.21, z = −3.88, p < 0.001). The model also revealed a significant interaction between addressee and speech that sounded excited.

To fully interpret the interaction, we again used planned comparisons with a Bonferonni correction (alpha adjusted to < 0.01) to determine how the specific affect ratings impacted accuracy for cds and ads. We found that accuracy significantly increased for cds clips labeled “Somewhat Excited” (B = 0.81, SE = 0.27, z = 2.96, p < 0.01), “More Excited” (B = 1.91, SE = 0.38, z = 5.05, p < 0.001), and clips labeled “Extremely Excited” (B = 1.38, SE = 0.52, z = 2.63, p < 0.01). There were no differences at the “Neutral” and “little excited” levels (ps > 0.21). Figure 4 shows the interaction between the four affect measures and Addressee and the full results of the best-fit model are reported in Supplementary Table 3.
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FIGURE 4. Levels of sounded Happy (top left), sounded Loving (top right), sounds Soothing (bottom left), and sounded Excited (bottom right) for the interactions with Addressee in Experiment 2b. The log odds of each affect level are plotted on the y-axis and the shaded areas represent the 95% CIs. Only the interaction between Addressee and Excited was significant.




Exploratory Analysis (Naive Raters)

As in Experiment 1, to further explore the role that positive affect may play in identifying child-directed speech compared to adult-directed speech, we fit a mixed-effects with Addressee (cds = 0, ads = 1) as our dependent measure. We included the predictors sounded happy, sounded loving, sounded soothing, sounded excited and random intercepts by recording [N = 2,631, log-likelihood = −1141.5, overdispersion estimate = 5.15; formula = Addressee ~ happy + love + sooth + excited + (recording)]. The model revealed that clips labeled “Extremely soothing” were significantly more likely to be labeled as ads compared to cds (B = 1.00, SE = 0.35, z = 2.84, p < 0.01). The full results of the best-fit model are reported in Supplementary Table 4.





DISCUSSION


Summary of Findings

Across 3 experiments, we examined the ability of Canadian English-speaking adults to identify CDS in two unfamiliar languages/communities, and the relationship between their judgments and measures of emotion/positive affect. Results of the first Experiment, with a semi-naturalistic sample of speech from Farsi-speaking mothers, found high accuracy for naive raters in identifying both ADS and CDS, with somewhat higher accuracy for CDS. Identification as CDS was correlated with higher rated levels of “loving,” “soothing,” and “exaggerated” speech characteristics, but not clearly with “happy” speech. In a second analysis rating speech from a Tseltal Mayan community as ADS or CDS, trained research assistants also showed high rates of accuracy, although accuracy was higher for ADS than CDS. However, a third experiment with naive raters assessing these same Tseltal Mayan samples found very poor accuracy, and an inverse relationship between confidence and accuracy (i.e., more confident ratings were less likely to be accurate). In this last study, identification as CDS was related to higher “excited” scores, but was not reliably associated with the other characteristics.



Implications for Universality of CDS Characteristics

If we first consider the first two experiments (i.e., Experiment 1 and 2a) on their own, our findings support the idea that CDS is identifiable across different languages/cultures (at least, these specific ones). They also provide support for a relationship between affect and CDS (at least for Farsi, as affect was not rated in Experiment 2a). These findings are largely consistent with the prior work by Bryant and colleagues (Bryant and Barrett, 2007; Bryant et al., 2012). However, before delving into the details of Experiment 2b, a number of nuances to these basic findings must be articulated.

First, based on these findings alone, we cannot differentiate between two possible interpretations of these findings (see Table 1). In one interpretation, CDS is both tied to positive affect and contains universal expressions unique to the CDS register (i.e., separate from a general expression of positive affect). In this interpretation, raters used both affective characteristics and prosodic characteristics unique to CDS in their judgments. However, it is equally possible that raters made their judgments solely on the basis of affect and not on any prosodic characteristics of CDS unrelated to affect.

Second, the findings with respect to the happiness rating are unexpected and intriguing. Recall that prior work on the relationship between affect and CDS has suggested that infants' attraction to CDS is mediated by “happy talk” (Singh et al., 2002). It is therefore of interest that “happy” talk was not reliably associated with raters' judgments of CDS, while characteristics of loving, soothing and exaggerated were. This is consistent with prior research suggesting that various affective states are communicated with CDS (Fernald, 1989), and suggests that “happy” talk per se may not be a driving factor in the perception of CDS.

We next turn to the findings of Experiment 2b. These findings do not fit neatly with any of the patterns predicted in Table 1 we found both poor performance in discriminating CDS from ADS, and little relationship between the affective characteristics and rating of CDS, with the exception of excited speech (and less reliably inversely with soothing speech in the exploratory analysis). Of note, level of confidence was inversely related to performance, suggesting that the raters were relying on a somewhat systematic, but inaccurate, metric for CDS. As a first pass, these findings can be interpreted as a failure to identify CDS in the Tseltal Mayan sample. Harder to ascertain is why, particularly relative to the success with naive raters on Farsi in Experiment 1 and with trained research assistants on Tseltal Mayan in Experiment 2a. One salient possible interpretation is that the cultural context of Tseltal Mayan is more distinct from Canadian English language/culture than that of Farsi, making identification of CDS more challenging. However, the success of the research assistants suggests that this identification is not impossible, just hard. Having spent time working with naturalistic language files of this type may have given the research assistants an “edge” in detecting subtle cues based on their greater experience with these kinds of samples despite their lack of access to the conversational context or meaning of the speech. It is important to note that there are other possible reasons for the apparent greater difficulty in the Tseltal Mayan samples, however. For example, the samples were taken in a fully naturalistic, everyday life, context, whereas the elicitation task of the Farsi samples may have served to exaggerate some characteristics of CDS. Second, there was an age difference between the Farsi and the Tseltal Mayan infants, which may influence the type and degree of CDS used. Moreover, the Tseltal Mayan samples included both speech to the target child and to other nearby children, whereas the Farsi samples were restricted to the infants under study, which could also have affected the nature of the speech samples.

The reason that the pattern of results for Experiment 2b did not appear in our Table 1 is because of two assumptions inherent in the predictions. First, that emotions are detectable across cultures, and second that in the absence of salient direct cues to CDS, raters would rely on their judgments of the emotional characteristics. These findings suggest that the first of these assumptions, and to an extent the second, is incorrect. Unfortunately, we do not have ground truth measures of the intended affective communication in the Tseltal Mayan samples (or from a third party Tseltal Mayan listener), so it is not possible to determine whether the raters were perceiving happiness, lovingness, soothingness or excitedness in the same way as a Tseltal Mayan speaker, nor whether such cues existed in the samples at all. Moreover, the affective judgments made in Experiment 2b were made by a separate group of participants than those making the CDS/ADS discrimination, so we cannot ask this question at the level of individual participants, but only at the level of group based judgments regarding affect and CDS. Nonetheless, our findings suggest that lovingness, soothingness and happiness were not used by the raters in making their judgment regarding whether an utterance was CDS or ADS. Instead, the raters relied at least in part on the degree of excitedness they perceived in the speech–but reliance on this characteristic did not lead them to accurate judgments.



Limitations, Conclusions, and Future Directions

In interpreting these findings, it is important to point out that we did not conduct a systematic or fulsome exploration of how classification of CDS/ADS (and its relationship to positive affect) might vary across languages, language typologies, cultural contexts or communities. Our analyses were conducted purely over samples of convenience regarding two non-English languages to which we had access. These languages and communities differ in important ways from North American culture and language and from each other, but are far from representing the vast diversity of infant linguistic experience. Moreover, differences both in the context over which the speech was sampled and the methodological details in the ratings collection limit our ability to directly compare the findings across the two analyses and identify with certainty the reason for the differential findings. In particular, scripted speech (e.g., Singh et al., 2002) or semi-structured, often object-focused, activities such as those used in the elicitation task with the Farsi sample (e.g., Fernald, 1989; The ManyBabies Consortium, 2020) underly much of the work investigating CDS in Western contexts. However, the register is recognizably present in other data types, including brief free-play sessions (e.g., Kitamura et al., 2001) and daylong recordings similar to those used in our Tseltal Mayan sample (e.g., Bergelson et al., 2019), which cross a range of at-home naturalistic circumstances.

Nonetheless, these three analyses, together with the prior work by Bryant and colleagues, are an important first step in teasing apart these thorny questions of the universality of CDS and the relationship between CDS and the perception of affect. With the above limitations in mind, our findings suggest that the answer to these questions is not straightforward. Our findings are consistent with the decades-long literature on the acoustic and linguistic characterizations of CDS itself (e.g. Fernald et al., 1989; Soderstrom, 2007)—we see evidence both for shared properties and variation across languages in the crosslanguage perception of CDS. Gaining a window into the extent to which true “universals” may be established will require a much broader and systematic examination across different language and cultural typologies. Our findings also suggest that perception of CDS (and affect) outside of one's own language may be highly sensitive to the context in which the speech was collected. This may be particularly true due to the laboratory-based, decontextualized conditions in which our raters made their judgments. Our findings further suggest that affect does affect raters' perception of CDS, but not in a simple way–contrary to our expectations, we did not find a consistent relationship across either study between ratings of happiness and raters' perception of CDS.

One additional question left unanswered by the research so far is the specific characteristics adult raters use to make their judgments. Our starting assumption is that pitch characteristics play a primary role in these judgments, although the specific acoustic features underlying this relationship remain unidentified. Both the current study and the prior work by Bryant and colleagues, in providing evidence for cross-language identification, rule out the possibility that an understanding of the substantive content of the speech (e.g., topic) are necessary. However, it is possible that other characteristics such as articulatory/phonetic features may play a role.

In sum, elements of CDS appear discriminable across vastly different languages and cultural contexts, and this discrimination is tied to affective characteristics of the speech. However, the relationship between affective and other properties of speech and the characterization of CDS is complex and highly context-sensitive.
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FOOTNOTES

1In the literature, this term is often used interchangeably to refer to speech directed toward children regardless of linguistic or acoustic characteristics, and speech that contains the expected register features regardless of addressee.

2The preregistered model accidentally included one negative affect measure (sounds sad)–here we present the model without this effect for the sake of clarity, but inclusion does not change the results.
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Several qualitative and quantitative features of parental speech input support children’s language development and may play a critical role in improving such process in late talkers. Parent-implemented interventions targeting late-talkers have been developed to promote children’s language outcomes by enhancing their linguistic environment, i.e., parental speech input. This study investigated the effect of a parent-implemented intervention in increasing late talkers’ expressive skills through modifications in structural and functional features of parental speech input. Forty-six thirty-one-month-old late talkers differing in their birth condition (either low-risk preterm or full-term) participated in the study with a parent; 24 parent-child dyads received a parent-implemented intervention centered on dialogic reading and focused stimulation techniques, whereas the other 22 dyads constituted the control group. At pre- and post-intervention, dyads took part in a parent-child shared book-reading session and both parental and child’s speech measures were collected and examined. Results showed that the intervention positively affected parents’ use of responses and expansions of children’s verbal initiatives, as well as the parental amount of talking over reading, whereas no structural features of parental input resulted modified. Mediation analyses pointed out that the intervention indirectly enhanced late-talkers’ use of verbal types and tokens through changes in parental use of expansions and amount of talking over reading. As birth status was entered as a covariate in the analysis, these findings can be extended to children with different gestational age. We conclude that the parent-implemented intervention was effective in supporting late-talkers’ gains in language development as a cascade result of the improvements in parental contingency and dialogic reading abilities. These promising findings suggest to examine not only children and parental outcomes but also the intervention mechanisms promoting changes in late-talkers’ language development as a clearer view on such process can inform the development of feasible, ecological and effective programs.
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INTRODUCTION


Relationship Between Parental Speech and Child Language Development

The first 1,000 days of life are considered a fundamental time window in which children’s developmental trajectories and future outcomes are shaped. Within this period, providing children with nurturing experiences such as responsive caregiving and adequate learning opportunities is vital (Britto et al., 2017). Language stimulation by parents and caregivers is one of these essential nurturing experiences (Golinkoff et al., 2019). Parents usually talk to their infants and children using a particular speech register also known as infant- or child-directed speech (IDS, CDS). Such input has specific prosodic (i.e., pitch, length of sounds, intensity), structural (i.e., quantitative aspects of speech, lexical and syntactic complexity), and functional features (i.e., directiveness, contingency, and tutorial function of parental utterances directed at the child) that make it an optimal input for toddlers developing language; child-directed parental utterances are typically high pitched and modulated, short in their length, built with a simple and redundant lexicon, and contingent to child’s communicative bids (Tamis-LeMonda et al., 2001; Hoff and Naigles, 2002; Huttenlocher et al., 2002; Rowe, 2012).

Differences in structural and functional features of parental speech relate to variability in child language learning (Anderson et al., 2021). Concerning structural features, much research on parental input emphasizes the role of input quantity in predicting both children’s rate of vocabulary growth and vocabulary skills (Huttenlocher et al., 1991, 2010; Hart and Risley, 1995; Weisleder and Fernald, 2013). Of no lesser importance, input quality, often calculated as word types and input complexity, expressed through the mean length of utterance index (MLU), also accounts for variability in children’s lexical outcomes (Hoff and Naigles, 2002; Pan et al., 2005; Huttenlocher et al., 2010; Rowe, 2012; Anderson et al., 2021). Moreover, a very recent study (Silvey et al., 2021) indicates that not the absolute complexity of syntactic input captured in a specific time of development but the extent to which input complexity increases over time predicts children’s grammatical outcomes.

Functional features of parental input are also thought to contribute to child language development. Parental ability to respond contingently to children’s attentive focus and communicative initiatives is one of these features, with literature findings showing that differences in maternal contingent responding predict children’s vocabulary growth (Tamis-LeMonda et al., 2001, 2014). A relevant role in determining children’s linguistic outcomes is also played by parental recasts or reformulations of children’s linguistic attempts which encompass all those responses in which parents imitate, expand, or reduce children’s original verbal utterances (Taumoepeau, 2016). These reformulations are not only inherently contingent to children’s initiative but provide them with relevant lexical and syntactic data. Parental repetitions draw a child’s attention to his/her own verbal production, allowing a phonological comparison with the adult form; moreover, expansions provide the child with further relevant lexical and syntactic data linked to the original verbal production, exposing him/her to new learning opportunities. The role of structural and functional features of parental input addressed to children with delayed language development has also been investigated (Girolametto et al., 1999, 2002; Vigil et al., 2005; D’Odorico and Jacob, 2006; Levickis et al., 2018; Suttora et al., 2020). The term “late talkers” refers to those children who lag behind in several aspects of language, showing a slower rate of growth in language learning and limited expressive vocabulary (i.e., below the 10th percentile with respect to normative data), in absence of sensory, cognitive or socio-emotional difficulties (Hawa and Spanoudis, 2014). As late talkers represent a significant proportion of 2–3-year-old children—with prevalence ranging from 9 to 21% (Reilly et al., 2007; Korpilahti et al., 2016; Sansavini et al., 2021)—it is relevant from a clinical stance to describe the peculiarities of their linguistic milieu to capture which aspects of parental input could be enhanced and/or modified. With respect to the structural features of parental input, literature addressing late talkers’ samples are coherent in finding no significant differences in terms of input quantity (i.e., lexical rate), quality (i.e., lexical diversity), and complexity (i.e., MLU) when this input is compared with that addressed to typically developing children (Paul and Elwood, 1991; Vigil et al., 2005; D’Odorico and Jacob, 2006; Suttora et al., 2020). However, an input characterized by high levels of grammatical complexity, lexical rate, and diversity has been linked to lower abilities in late talkers’ spontaneous and reported lexical production (Girolametto et al., 1999; Suttora et al., 2020). According to Girolametto et al. (1999), this latter pattern of associations might be representative of an “idiosyncratic feedback loop,” a circle in which children’s linguistic impairment negatively affects their parents’ input, which in turn constitutes a further complication for children’s language improvement. In light of this, regardless of differences in input quality and/or quantity, late talkers could benefit from a less complex input characterized by shorter, simpler, and clearer utterances. As for the functional features of parental input, literature suggests that parents of late talkers are less contingent to their children displaying fewer responses to their children’s initiations and fewer expansions than parents talking to their children with typical language skills (Vigil et al., 2005). Again, lower use of expansions in the input directed to late talkers predicts smaller vocabulary and expressive skills (Girolametto et al., 1999, 2002), also when assessed at 2-year distance (Levickis et al., 2018). According to these findings, interventions aimed at enhancing late talkers’ linguistics environment, by improving parental responsiveness and expansions while keeping its complexity adjusted to children’s communicative skills, might constitute a privileged route to support children with language delays.



Parent-Implemented Interventions Supporting Late-Talkers’ Language Development

Treatment options for late talkers include both direct and indirect interventions. The formers consist of individual treatment delivered by a speech-language therapist (SLT) in a clinical setting and may also involve parents who can be asked to do at-home activities with their child to support the treatment. The efficacy of direct interventions with SLTs is demonstrated by a Cochrane review considering studies involving children with phonological and lexical difficulties (Law et al., 2017).

Indirect interventions are programs in which parents—trained, guided, or supported by SLTs and/or psychologists with speech-language expertise—are the main providers of the treatment. Parent training can be individual or group based. As previously accounted, given the critical role of caregivers in supporting and enhancing their children’s language development and the differences highlighted in parental speech directed at children with delayed language acquisition, programs designed to train caregivers how to best support language development are relevant components of effective intervention practices. In this direction, studies aimed at comparing directed versus parent-implemented interventions for late talkers revealed a lack of differences in their efficacy in enhancing children language skills (Roberts and Kaiser, 2011; DeVeney et al., 2017; Tosh et al., 2017) making parent-implemented interventions a valid option for early intervention. In these programs, parents are trained to use specific language and conversational strategies aimed at supporting their children’s language learning by enhancing their linguistic environment. Specifically, parents are taught: (a) to follow children’s attention and lead during conversation trying to get them focused on the exchange; (b) to increase their responsiveness to children’s communicative and verbal initiatives, by recasting, imitating, and expanding their verbal productions; and (c) to limit an excessive use of questioning and/or directiveness in the input they address to them. These interventions can also include parent training on focused stimulation and dialogic book reading. In the first technique, parents are trained to repetitively use few selected target words during play or routine contexts (Girolametto et al., 1996a). In the second, parents are taught how to elicit conversation and turn-taking during a book sharing activity (Buschmann et al., 2009). Among parent-intervention programs, the Hanen Parent Programs (HPP; Manolson, 1992) is one of the most common, directed not only at children with primary language difficulties, but also at children with secondary linguistic issues, such as children with motor disorders, cerebral palsy, or autism spectrum disorder (Pennington and Thomson, 2007; Weitzman, 2013). In HPP caregivers are instructed on how to follow their children’s attentional states and how to use specific responsive interaction strategies aimed at supporting children’s language learning throughout daily routines. Summarizing, parent-implemented interventions aim at affecting late talkers’ language skills through a cascading effect, i.e., because of modifications in their parents’ input and conversational strategies (Roberts and Kaiser, 2012).

The efficacy of parent-implemented programs on late talkers’ language outcomes is consistent and well-documented. Roberts and Kaiser’s meta-analysis (Roberts and Kaiser, 2011) of 18 studies indicated that children participating to parent-implemented interventions scored better than controls in almost all measures of language development—observed and parent-reported—with greater effect sizes for measures of expressive morphosyntax and receptive vocabulary. These findings were confirmed even when entering intellectual disability as a moderator, as seven out of eighteen studies included in the meta-analysis involved children with cognitive disabilities, genetic syndromes, or autism. Narrowing their analysis to studies addressing children with language delay, Tosh et al.’s (2017) review reported very similar conclusions confirming that children enrolled in parent-implemented programs showed more favorable language outcomes than children in the control conditions. Finally, Heidlage et al.’s (2020) meta-analysis on 25 RCT studies indicated that, on average, parent-implemented language interventions have significant effects on children’s expressive vocabulary, both when interventions focus on caregiver-child play routines and on book sharing activities.

As regards the effects of parent-implemented programs on caregivers’ input and use of conversational strategies, literature findings are fewer and less clear. Roberts and Kaiser’s (2011) meta-analysis concluded that parent-implemented programs positively impacted caregivers’ outcomes, with particular regard to their responsiveness to children’s communicative initiatives. However, among the studies examined, only four studies addressed interventions directed at parents of children with language delay (Girolametto et al., 1996a,b; Law et al., 1999; Baxendale and Hesketh, 2003). In Girolametto et al. (1996a), mothers in the intervention group significantly produced fewer words per minute and shorter utterances than mothers in the control group at post-intervention assessment, demonstrating an adjustment to children’s communicative level. These mothers also showed greater use of focused stimulation on target words, which was one of the techniques modeled by the intervention. Baxendale and Hesketh (2003), by contrast, found no differences between parents in a HHP group and parents enrolled in conventional clinic therapy group in the use of expansions and imitation strategies, as for all participants there was a significant increase in the use of strategies such as imitation and expansion from pre- to post-intervention. Law et al. (1999) also failed to find significant effects of the intervention on parental outcomes.

More recent findings shed some light on the effects of parent-implemented interventions on caregivers’ input and strategies. Heidlage et al.’s (2020) meta-analysis confirmed a significant effect of parent-implemented interventions on parents’ responsiveness but considered this finding as preliminary as it was based on just five studies. Comparing the parent-training Enhanced Milieu Teaching (EMT) to usual care in a sample of 97 parent-child dyads, Roberts and Kaiser (2015) found that caregivers in the EMT group improved in all language facilitation strategies targeted in the intervention, namely the use of turn-taking, responsiveness, expansion and prompting as assessed during a 20 min play-based caregiver-child interaction. Similar results were underscored by Kruythoff-Broekman et al. (2019) comparing the Target Word program (part of the HHP procedure) to a usual-care control group. At 6-month post-intervention, parental language strategies, as measured with a rating scale during a 5-min parent-child interaction, resulted significantly improved, with an increase in the use of interactive strategies and a decrease of parental utterances aimed at putting pressure on the child. Additional results of Kruythoff-Broekman et al.’s (2019) study revealed that children whose parents reduced pressing behaviors significantly improved their expressive vocabulary and expressive syntax, suggesting a cascading effect of the modifications observed in parental input on children’s gains in language development.

In short, although effects of parent-implemented interventions have been documented both on children linguistic outcomes and, to a lesser extent, on parental input and strategies, studies expressly addressing the effects of such interventions on children’s gains in language skills through modifications in caregivers’ use of input and conversational strategies have not been performed yet. This is our study’s main intent.



Aims of the Study

The present study aimed at investigating the effect of a parent-implemented language intervention in enhancing structural and functional features of parental communicative input to their own late talking children in the third year of life and eventually triggering positive cascading effects on children’s lexical and grammatical skills.

Firstly, we investigated whether the intervention based on dialogic book reading impacted: (a) structural features of parent speech, such as lexical diversity, rate, and grammatical complexity; (b) functional features of parental input, such as the ability to respond contingently to their own child’s verbal initiatives—by reformulating child’s speech productions—and to engage the child in a conversation during the book sharing activity. As the intervention was mainly focused on promoting functional features of parental conversation, we expected to find a more significant impact of the intervention on these features rather than on structural ones (i.e., lexical diversity, rate, and grammatical complexity).

Secondly, we investigated the effects of the intervention on children’s advances in language development. A significant increase of expressive lexicon in children’s spontaneous speech, as regards lexical and grammatical measures, was expected as suggested by previous works that documented the efficacy of the same intervention on measures of children’s lexical and grammatical skills collected through parental reports (Bello et al., 2019; Zuccarini et al., 2020). We hypothesized that this effect was triggered by parental input improvement determined by the intervention. As the intervention mainly addressed functional features of parental input, we expected that significant changes in these features would, in turn, positively impact on child’s language development. As the intervention was provided to a group of children differing for birth condition (i.e., low-risk preterm and full-term) this variable was controlled in our analyses.



MATERIALS AND METHODS


Participants

Sixty-two parents with their late-talking children were invited to participate in the study. Fifty-nine out of them accepted to be enrolled in the study. Criteria of inclusion in the study consisted in children being monolingual or mainly exposed to the Italian language from birth onward, being either full-term (i.e., with a gestational age ≥ 37 weeks) or low-risk preterm (i.e., with a gestational age < 37 weeks) and not having any severe neurological impairment and/or congenital malformations, visual, hearing, or motor impairments, or severe neonatal complications, or severe cognitive deficits (Bayley-III cognitive score < 70).

With a convenience sample methodology parents were asked whether they would participate in the intervention condition. Thirty-one parents accepted to participate and 28 declined the invitation and were assigned to the control condition. Parental speech to the child and child spontaneous vocal productions were assessed during two assessments conducted at the Developmental Psychology Lab at the University of Bologna when children were around 31-month-old (M = 31.13, SD = 1.20)—pre-intervention assessment—and 37-month-old (M = 37.06, SD = 1.47)—post-intervention assessment. The parent-implemented language intervention lasted approximately 2 months, between the pre- and post-assessment. Eleven participants, 6 in the intervention and 5 in the control group, did not attend or complete the post-intervention assessment and were thus excluded from the data analysis. Other 2 dyads, one from the intervention and one from the control group, were also excluded as the parent who attended the pre and the post-intervention was different. Thus, the final sample consisted of 46 parents and their children with 24 parents participating in the intervention and 22 included in the control group. A flow diagram provides an overview of parents participating in the study (see Supplementary Figure 1).

The final sample included 17 parents of low-risk preterm children, born before 37 weeks of gestation, at the Sant’Orsola-Malpighi Hospital of the University of Bologna. Perinatal characteristics of the subgroup of low-risk preterm children are reported in Supplementary Table 1. The remaining participants (n = 29) were parents of healthy full-term children that were born in the same hospital. Parents of low-risk preterm and full-term children were not equally distributed in the intervention and control groups with proportionally more parents of low-risk preterm children participating in the intervention (intervention n = 12; control n = 5) compared to parents of full-term children (intervention n = 12; control n = 17), χ2(1, N = 46) = 3.66, p = 0.05.

Biological and sociodemographic characteristics of children and parents in the intervention and control groups are described and compared in Table 1. The same table displays information about the age of children at the pre- and post-intervention assessment, as well as a measure of the time interval between pre- and post-intervention assessment. For children born preterm, age was corrected for weeks of prematurity to consider their level of neurobiological maturation as done in previous studies (Sansavini et al., 2011). Children in the intervention and control groups were similar in mostly all sociodemographic variables, with the only exception of their attendance to child-care centers that was higher for children in the intervention group. With regard to parental variables, mothers in the intervention group were significantly older than mothers in the control group.


TABLE 1. Sociodemographic characteristics of participants in the entire sample.
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Procedure and Study Design

Children identified as late talkers—having an expressive vocabulary size at or below the 10th percentile for their age—through the use and normative values of the Italian version of the MacArthur Bates Communicative Development Inventories (MB-CDI), Words and Sentences Complete Form (Caselli et al., 2015; Rinaldi et al., 2019) were invited, around 31 months of age, with their parents at the Developmental Psychology Lab at the University of Bologna for an assessment of their communicative exchanges. The MB-CDI served as a tool to identify children as late-talkers. Dyads were observed and videotaped during a parent-child shared book-reading session during which both partners’ speech was collected. One parent, more often the mother (except for two children whose father participated in the study), was asked to interact with his/her child by sharing two age-appropriate picture books seated at a child-table. Parents included in the intervention condition attended six 2-h intervention sessions with a trained psychologist. To test the effectiveness of the intervention, a pre-post-intervention assessment was used. Thus, parent-child dyads were invited, when children were around 37 months of age, to participate in a second videotaped book reading session. The pre-intervention session lasted on average 10 min (SD = 84 s), the post-intervention session approximately 9 min and 54 s (SD = 146 s).



Parent-Administered Intervention Program

A 2-month-lenght parent-administered manualized intervention, named “Oltre il libro” (Girolametto et al., 2017), was used in the study. This is a dialogic book reading program consisting of 6 training sessions, of about 2 h each, directed at small groups of parents, normally 4–6 people per group. The intervention program is theoretically based on the interactive model of language intervention and it aims at fostering children language development by coaching parents in the use of different conversational strategies during book reading. The intervention aims at coaching parents for: (a) fostering turn-taking skills and promoting the use of extra-verbal cues as intonation, rhythm, and gestures; (b) adjusting their speech to their child’s linguistic skills using simple sentences and redundant lexicon; (c) using, besides close-ended questions, open-ended wh-questions (e.g., “where is Anna hidden?” “why is the elephant sad?”); (d) implementing focused stimulation on target words that are already understood but not produced by the child yet; (e) expanding their child’s verbal production (e.g., the child says “elephant” and the parent replies “yes, the elephant is sad as it cannot find a place to draw”).



Tools

Child’s expressive vocabulary was assessed with the Words and Sentences Complete Form of the Italian MB-CDI (Caselli et al., 2015), that is a valid and reliable tool to investigate child lexical production and grammatical skills, as indicated by its widespread use in clinical contexts and empirical studies (Sansavini et al., 2019; Majorano et al., 2020; Zuccarini et al., 2020).



Transcription and Coding

Parental speech directed to the child and child spontaneous speech productions observed during the video-recorded sessions were transcribed into CHAT format of the Child Language Data Exchange System (CHILDES, MacWhinney, 2000) by an experienced speech therapist blind to study hypotheses and child’s age. The transcription unit was the utterance that was defined as any speech production, a vocal sound, a single word, or a sequence of words, delimited by a pause, a conversational turn, or a change in the intonation pattern (Craig, 1982). With respect to the child’s speech, a vocal production was considered verbal and transcribed as a word when at least three of the following criteria were met: (a) occurred at least two times; (b) was phonetically similar to the target word; (c) had a specific referent; and (d) was recognized as a word by the parent during the exchange (Vihman and McCune, 1994). All the vocal productions that did not meet these criteria were transcribed in IPA and classified as unintelligible in transcriptions.



Structural Features of Parental and Child’s Speech

Once transcribed, child-directed parental utterances and child’s speech production were analyzed with the CLAN software and different measures were obtained. Onomatopoeic productions as well as interjections and unintelligible speech were excluded from these analyses. CLAN automated analysis of the transcriptions generated the following indexes of quantity and complexity of parental and child’s speech input: (a) the frequency of word Types as an index of lexical diversity; (b) the frequency of word Tokens as a measure of lexical rate; (c) the mean length of utterances (MLU), i.e., the ratio of words over utterances, as a measure of speech grammatical complexity. Raw frequencies were converted in rate per 10 min to control for session’s length. Finally, to obtain measures of the change between pre- and post-intervention, deltas were computed for the abovementioned indexes of parental and child’s speech by subtracting from values observed at post-intervention those computed at pre-intervention.



Functional Features of Parental Input

A further analysis of the transcripts was conducted using CHIP, a CLAN software for the automatic coding and analysis of parent-child conversational interactions. CHIP automatically compares pairs of utterances in which the first is considered the source and the following the response. Through this comparison the software creates a series of additional tiers in the transcript in which responses or self-repetitions are examined. In this study, we focused on the adult tiers (%adu) in which parent’s responses to child’s utterances are evaluated. As parents can reply to his/her child in more than one turn following child’s speech production, CHIP command searches parental responses within a six utterances window. In the present data the average distance between child’s source and parental responses was low (M = 1.08, SD = 0.54 at pre-intervention; M = 1.36, SD = 0.71 at post-intervention). According to the study’s main aims the following indexes were considered: (a) Total Responses, i.e., the total number of parental responses to child’s utterances; (b) Exacts, i.e., the number of exactly matching responses (e.g., the child says “hat” and the parent replies “hat”); (c) Reductions, i.e., the number of responses in which there was an overlap of at least one word in the source and response utterances with deletions but no additions (e.g., the child says “big hat” and the parent replies “hat”; (d) Expansions, i.e., the number of responses containing only exact matches and additions (e.g., the child says “hat” and the parent replies “right, the hat!”).

Moreover, a measure of the amount of parental talking over reading was computed by dividing the amount of talking tokens for the sum of parental talking and reading word tokens. A high value in Talking over Reading measure indicated that a parent spent most of the session engaging the child in a conversational exchange instead of reading the available books. To measures changes in functional indexes of parental speech from pre- to post-intervention delta measures were calculated.



Reliability

The first author of this manuscript, who was blind to the child’s age and birth status, transcribed 27% (12 at pre-intervention and 13 at post-intervention) of the parent-child sessions to establish transcription reliability. Reliability between the two transcribers was high, with a percent interrater agreement equal to 88% on the segmentation of parents’ utterances and of 87% on the transcription of child’s vocal utterances.

Interrater reliability for parental measures was assessed using the Intraclass Correlation Coefficient (ICC) with high levels of agreement resulting for all parent’s measures (ICCs > 0.85). Interrater agreement on child’s speech coding into intelligible, unintelligible, or mixed utterances was tested computing Cohen’s Kappa which resulted equal to 0.83. Interrater reliability was more than substantial. Regarding child’s linguistic outcomes (i.e., word types, word tokens, MLU), interrater agreement was achieved by calculating the ICC, resulting in optimal values with ICC = 0.96.



Statistical Analyses

Analyses were computed using IBM SPSS Statistics 25 and the macro Process for SPSS (Hayes, 2018). Tests were bilateral with a statistical significance set at 0.05. Preliminary analyses of data distribution revealed that most of the study’s variables were not normally distributed (Kolmogorov–Smirnov and Shapiro–Wilk tests, ps < 0.01). Therefore, rank transformation was applied to both parental and child measures.

A set of multivariate MANCOVAs was preliminary carried out to verify that at the pre-intervention assessment parental speech and child’s lexical and grammatical measures were comparable between the intervention and the control group. As the presence of low-risk preterm and full-term children differed between groups, birth condition was included as a covariate in the analyses.

To explore the effect of the intervention (intervention vs. control group) on parental structural and functional speech measures and child’s linguistic measures over time (pre-intervention vs. post-intervention), several repeated measure MANCOVAs were conducted, controlling for birth condition.

Preliminary Pearson’s correlational analyses were carried out to explore the associations between parental and child’s speech delta measures. Subsequently, indirect effects of the intervention condition on child’s delta speech outcomes through changes in parental speech were tested with mediation analyses using the macro PROCESS, model 4 (Hayes, 2018, p. 585). Unstandardized indirect effects were computed for each of 5,000 bootstrapped samples and the 95% confidence intervals were obtained. In Figure 1 parental changes in speech input is a mediator (M) of the relationship between the parent-implemented language intervention (X) and child’s gain in speech measures from pre- to post-intervention assessment (Y). These latter analyses only included parental measures that resulted significantly affected by the parent-implemented intervention. Again, birth condition was entered in the analyses as a covariate.
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FIGURE 1. Changes in functional features of parental speech input (M) operate mediationally between Parent-implemented Intervention (X) and Changes in child’s speech measures (Y).




Ethics Statement

The study met ethical guidelines for human subject protections, including adherence to the legal requirements of Italy, and it received formal approval from the Bologna Health Authority’s Independent Ethics Committee (numbers of formal approval documents: EM 194/2017/U_ and EM 193–2018_76/2013/U/Sper/AOUBo). All parents gave informed written consent for study participation, data analysis, and data publication. No incentives or benefits were provided to participants.



RESULTS


Pre-intervention Assessment

In Table 2, the descriptive statistics describing parental and child’s speech measures at pre-intervention were reported. No significant differences between parents and children in the control and intervention groups at the pre-intervention assessment were found (for details see Supplementary Table 2).


TABLE 2. Means and standard deviations M (SD) for parental and child’s speech measures at pre- and post-intervention assessment, Δ pre-post assessment, and results of repeated measures MANCOVAs performed on pre- and post-intervention data.
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Effects of the Parent-Implemented Intervention on Parental Speech Outcomes

Table 2 summarized the descriptive statistics of parental speech outcomes at pre- and post-intervention assessment. Regarding parent’s speech structural features (i.e., word types, tokens and MLU) no significant effects of intervention were found with the multivariate test indicating a lack of significant effect [F(3, 41) = 1.65, p = 0.192, partial η2 = 0.108]. Regarding parental speech functional features, the multivariate analysis yielded a significant effect [F(5, 39) = 2.47, p = 0.048, partial η2 = 0.241], with univariate results showing that the intervention significantly influenced Total responses, Expansions, and Talking over Reading measures (see Table 2). Parents that participated in the intervention showed a significant increase from pre- to post-assessment in the total responses to the child’s verbal initiatives and in the use of utterances aimed to expand the child’s productions when compared to the control group. Furthermore, in the intervention group, a significant increase in the amount of talking over reading was observed from pre- to post-intervention assessment.



Effects of the Parent-Implemented Intervention on Child’s Spontaneous Speech

The impact of the parent-implemented intervention on child’s spontaneous speech outcomes resulted close to statistical significance with the multivariate test. F(3, 41) = 2.61, p = 0.064, partial η2 = 0.160. Considering the univariate results reported in Table 2, the intervention significantly improved children’s production of word tokens from the pre- to the post-intervention assessment. Also, child’s production of word types and MLU were observed to increase due to the intervention but with p-values implying trends to statistical significance.



Direct and Indirect Effects of the Parent-Implemented Language Intervention on Child’s Speech Outcomes Through Changes of Parental Input

In Table 2, descriptive statistics of measure of change over time in parental and child’s measures for the intervention and the control group are summarized. The results of Pearson’s correlation analyses testing the associations between measures of change of child’s and parental speech from pre- to post-intervention assessment are reported in the Supplementary Materials (see Supplementary Table 3). Almost every measure of change in parental speech—except for MLU—resulted positively and significantly associated to changes in child’s word types, tokens, and MLU.

Subsequent analyses focused on the indirect effects of parent-implemented language intervention on child’s speech changes in types and tokens production and MLU through changes in parental input, namely parents’ use of total responses, expansions, and amount of talking over reading during sessions (see Table 3 for the results of mediation analyses). Models, in which the indirect effect of the intervention via parental speech modification were significant, are also reported in the Supplementary Material (see Supplementary Figure 2).


TABLE 3. Estimated coefficients (unstandardized B and standardized coefficients a, b, c, c’) for mediation model of changes in parental use of total responses, expansions, and amount of talking over reading.
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The first set of models (I, II, III) assessed indirect effects of the parent-implemented intervention on child’s changes in word types (I), tokens (II) and MLU (III) through parental changes in the use of total responses (see Table 3). All models yielded no significant direct and indirect effects, indicating the absence of significant mediation effects of changes in the parental use of total responses on the association between intervention and child’s progresses in word types, tokens and MLU.

The second set of models considered parental use of expansions as a mediator between intervention and child’s changes in word types (IV), tokens (V), and MLU (VI) (see Table 3 and Supplementary Figure 2). In model IV the indirect effect of the intervention on child’s changes in the production of word types resulted significant, whereas the direct effect was not. This implies that changes in the use of expansion by parents totally mediate the effect of the intervention on child’s gain in word types. Model V yielded similar results, with the intervention significantly influencing changes in the production of word tokens via changes in parental use of expansions. No indirect effects of the intervention via parental expansions were found in model VI including child’s MLU as the dependent variable.

The third set of analyses took in exam the indirect effect of intervention on child’s changes in word types (VII), tokens (VIII), and MLU (IX) through changes in the amount of parental talking over reading (see Table 3 and Supplementary Figure 2). In model VII and VIII the indirect effects of intervention on child’s changes in word types and tokens through changes in the amount of parental talking over reading were statistically significant. Again, no significant direct and indirect effects of the intervention were observed in the model predicting child’s MLU through amount of talking over reading. As a proof of concept, all models were further run using child’s measures as mediators and parental outcomes as independent measures. No significant indirect effects resulted from these analyses.



DISCUSSION

The present study aimed to investigate whether a parent-implemented language intervention targeted at parents of late-talkers might enhance the linguistic environment these children are exposed to through parental speech. We were particularly interested in evaluating which structural and functional features of parental speech could best benefit from an intervention based mainly on dialogic reading and focused stimulation techniques. This study further aimed to evaluate whether the intervention was effective in fostering children’s advances in language development and, more importantly, whether these effects were direct or mediated by modifications in parental speech features, consistently with the cascading effects of parent training model (Roberts and Kaiser, 2012; Heidlage et al., 2020).


Intervention Effects Through Changes in Parental Speech

The study results contributed with novel findings to the literature, showing that the parent-implemented language intervention was effective in supporting children’s growth in expressive lexicon—with a significant increase in children’s lexical diversity (word types) and rate (word tokens)—indirectly, i.e., via the enhancement of functional features of parental speech. Children’s speech during parent-child interaction increased in terms of amount of words produced whereas parents demonstrated a growth in their responses to their child’s verbal attempts particularly by expanding them, adding extra verbal material able to provide the child with new attributes with respect to the expressed original meaning (e.g., the child says “hat” and the parent replies “that’s a very nice hat!”). Parents in the intervention group also showed better dialogic reading skills, spending less time reading to their children and more time conversating with them. The assessment of the direct and indirect effects of the intervention on children’s expressive skills indicated that the intervention positively affected parents’ use of expansions of children’s verbal initiatives and parents’ dialogic reading skills which, in turn, positively influenced children’s increase in the spontaneous use of word tokens and types. Although parent-implemented interventions assume that children’s difficulties in language development can be sustained by improving the quality of their linguistic environment, through changes in the parental input, studies documenting this cascading process are scant as most of the empirical work in this area only investigated a part of this process, namely the effects of intervention on children’s gains in language development. Studies addressing whether parent-implemented language interventions increased parents’ use of language and conversational strategies supporting language development are rare, as documented by the recent meta-analysis by Heidlage et al. (2020) that reported only five studies investigating this aspect. A recent work contributing to this debate (Kruythoff-Broekman et al., 2019) found that the parent-implemented Target Word program was effective in increasing parents’ communicative interaction with their children and in decreasing those behaviors aimed at putting pressure on their children and that this latter reduction, in turn, resulted associated to children’s progresses in expressive vocabulary and syntax. Unlike the present study, Kruythoff-Broekman et al.’s (2019) findings were not based on mediation analyses but on correlational models and no direction was tested, i.e., whether changes in parental intrusive behaviors might be a result of children’s gains in language development or vice versa.

In our study, parents participating to the “Oltre il libro” intervention exhibited relevant changes in the way they verbally interact with their children, compared to the parents in the control group. Parents receiving the intervention increased their total responses to their children’s verbal initiatives and, among total responses, used a greater amount of utterances intended at expanding their children’s utterances. A positive impact of parent-implemented interventions on parental responsiveness and use of expansions was suggested by Roberts and Kaiser’s (2011) meta-analysis and the more recent Heidlage et al. (2020), although both commented on the lack of strength of their findings due to the paucity of data supporting this conclusion. Our study contributed to reinforcing this finding, emphasizing the role of parent-implemented intervention in stimulating the parental use of total responses and expansions.

An increase of responses contiguous to children’s verbal attempts might be determinant for language learning as children—given the temporal connection between their initiatives and parental replies—can more easily make connections between labels and referents available in the context (Tamis-LeMonda et al., 2014). However, in our data, the increase in the use of total responses to children’s verbal attempts failed to mediate the effect of the intervention on children’s gains in their lexical and grammatical skills. This finding may be explained by considering that responses’ contiguity, if not accompanied by semantic contingency, can expose children to contents unrelated to their verbal initiatives, thus not immediately useful for their word learning (Tamis-LeMonda et al., 2014).

Different findings were observed regarding the increase of parental expansions which resulted as a significant mediator of the effects of the intervention on children’s advances in lexical diversity (word types) and rate (word tokens). Through expansions, children are provided not only with the repetition of their own verbal production—a feedback mechanism that confirms children their intended meaning and provides them with a phonologically correct version of the production—but they are further exposed to new data as syntactic information is added to children’s original verbal production. Moreover, this added material is likely to be semantically contingent to children’s verbal attempt, helping them to refine and expand their knowledge about the word and its meaning (Taumoepeau, 2016). Studies addressing both children with typical language development and late talkers showed that parental use of expansions contributed to children’s improvement in language development measures (Girolametto et al., 1999, 2002; Levickis et al., 2014, 2018; Taumoepeau, 2016). Positive associations between the use of expansions by parents and advances in language development of their late-talking children were observed when children’s language outcomes were assessed either with standardized tools, as in Levickis et al. (2014), or with direct observation of children’s spontaneous speech, as in the study of Girolametto et al. (2002).

Besides the significant improvements in the use of total responses and expansions, parents participating in the intervention also showed a significant increase in the talking over reading measure when compared to parents in the control condition. With this measure we intended to capture a parental dialogic reading style, as spending more time talking to the child—using prompts and connections to the child’s experiences and wh-questions to elicit a communicative exchange—rather than reading aloud without including the child, represented one of the aspects modeled by the intervention. In this sense, the intervention positively affected parents’ dialogic reading that used less verbatim reading of the text engaging their children in more verbal interaction over the shared books, and this change, in turn, favored children’s increased use of word types and tokens. Our conclusion is in line with literature findings assessing the effects of dialogic parent-child book reading interventions in promoting children’s language and literacy outcomes (Mol et al., 2008; Flack et al., 2018). A meta-analysis by Mol et al. (2008) highlighted that dialogic reading interventions are successful in fostering children’s expressive vocabulary with younger children—preschoolers vs. kindergarteners—gaining the best out of these programs. Book reading interventions also resulted beneficial for children with limited expressive vocabularies, as in Hargrave and Sénéchal (2000) study that compared children receiving dialogic reading vs. regular reading interventions, and as in Tsybina and Eriks-Brophy (2010) addressing bilingual preschoolers with slow expressive vocabulary development.

Concerning the structural features of parental speech input our study indicated the absence of significant changes due to the intervention, even if adjustments of the input to match children’s language abilities were modeled. Parents taking part in the intervention did not exhibit modifications in the lexical diversity (word types) and rate (word tokens) of the utterances directed to their children during the book sharing interaction nor in their speech grammatical complexity (MLU). Previous works evaluating modifications in parental speech due to parent-implemented interventions mostly took into exam changes in parental responsivity and use of conversational strategies. With regard to structural features of the input results are mixed. Girolametto et al. (1996a) found that the HPP was effective in decreasing maternal input complexity: mothers enrolled in the intervention used a slower rate of words per minute and shorter utterances when assessed at post-intervention. Differently, Roberts and Kaiser’s (2011) meta-analysis, reported a lack of significant effects of parent-implemented interventions on parents’ rate of speech. Overall, results regarding structural modifications of parental input are scant and inconsistent, and further studies are needed to shed light on this issue.

Summing up, our study brings new evidence of the effectiveness of parent-implemented interventions in affecting late talkers’ growth in expressive lexicon—diversity (word types) and rate (word tokens)—highlighting how these effects are mediated by significant modifications in parental use of expansions and dialogic reading skill. Some limits and strengths of the study are discussed below.



Limitations and Strengths of the Study

Some limitations must be considered. The first regards the lack of randomization in the assignment of the participants to the study’s conditions. Participants’ inclusion in the intervention or control conditions was performed with a convenience method which might lead to a selection bias regarding differences in motivation and readiness to endorse the intervention and to baseline differences in the target measures. While this latter issue was resolved by controlling for pre-assessment differences, the former cannot be really ruled out. Furthermore, the study sample was limited and, for this reason, we should be cautious in generalizing our findings to the late-talkers’ population. Moreover, participants in the intervention and control group differed for their child-care center attendance, as more children in the intervention were enrolled in a child-care program. The opportunity of social engagement with peers and educators in such context could be beneficial for late-talkers’ language development, as suggested by Chen et al. (2020) with regard to a peer effect for language development in preschoolers, although no data are available on this topic concerning the role of child-care center attendance on younger children. A second limit concerns the lack of a long-term follow-up assessing the maintenance of the effects of the intervention. Studies addressing long-term effects of parent-implemented interventions are mixed in their findings documenting both long-lasting effects of interventions on children’s language scores and abilities and a lack of long-term effects in other cases (Buschmann et al., 2015; Kruythoff-Broekman et al., 2019). Ongoing monitoring of late talkers’ language development receiving parent-implemented interventions is relevant to determine the timing and dose of such programs. A final limitation- which was mainly due to our sample size—regards the lack of examination of the role of birth condition in moderating the effects of the intervention on parental and child’s speech outcomes. As preterm birth is considered a risk factor both for parent-child interaction (Bilgin and Wolke, 2015; Cambonie et al., 2017) and child’s language development (Sansavini et al., 2010), it would be interesting to examine in future studies whether or not it might play a moderator role in this intervention. In this study, this variable was included as a covariate so that our results can apply to both low-risk preterm and full-term child-parent dyads.

The study also presents some relevant strengths. The first regards the nature of speech data collected as both parental and children speech measures were computed through a fine-grained analysis of the sessions’ transcripts using a set of software specifically developed for such a complex material. Differently from other works in the field parents’ total responses, reformulations and reading style were computed directly from the transcript and not assessed by using rating scales or global evaluations (Kruythoff-Broekman et al., 2019), and the same occurred for the analysis of child’s spontaneous speech (Zuccarini et al., 2020). Another relevant strength regards the selected data analysis strategy and, in particular, the inclusion of models testing the direct and indirect effects of the parent-implemented intervention on children’s advances in lexical and grammatical skills. Although this kind of analysis is neither new nor scarcely used, this is the first time that such analysis is used to test parent-implemented intervention effectiveness.



Implications for Practice

The main implication concerns the effectiveness of parent-implemented language intervention in supporting the language development of children showing a language delay. Although effects of such interventions are largely documented, our study shed light on the mechanisms of such effectiveness showing that modifications in parent use of expansions and dialogic reading abilities have cascading effects on children’s vocabulary growth and rate of speech. These results point to emphasize those features of parental training directed at enhancing functional features of parental speech input rather than at modifying structural features of such register. These findings can also inform other kinds of intervention, such as those delivered by child-care programs, and lead to the identification of language activities that can support language development of children attending child-care centers and preschool with poor language skills or at risk of delays.



CONCLUSION

In this study, a parent-implemented intervention based on two main techniques, i.e., dialogic book reading and focused stimulation, was administered through six sessions during a two-month-period. This low-dosage intervention resulted in significant modifications of parental speech and children’s expressive outcomes at post-intervention assessment; our results showed that modifications in parents’ use of expansions and dialogic reading abilities mediated the effects of the intervention on children’s increase in lexical diversity and rate of words during a parent-child interaction. Our findings call for greater attention not only to children’s and parental outcomes but also to the intervention mechanisms promoting late-talkers’ linguistic advances and stress that the parental ability to engage in a conversation over a shared focus—the book’s storyline in our case—and respond contingently to child’s verbal attempts should be central in designing ecological and effective parent-implemented language interventions.
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Speech-language input from adult caregivers is a strong predictor of children's developmental outcomes. But the properties of this child-directed speech are not static over the first months or years of a child's life. This study assesses a large cohort of children and caregivers (n = 84) at 7, 10, 18, and 24 months to document (1) how a battery of phonetic, phonological, and lexical characteristics of child-directed speech changes in the first 2 years of life and (2) how input at these different stages predicts toddlers' phonological processing and vocabulary size at 2 years. Results show that most measures of child-directed speech do change as children age, and certain characteristics, like hyperarticulation, actually peak at 24 months. For language outcomes, children's phonological processing benefited from exposure to longer (in phonemes) words, more diverse word types, and enhanced coarticulation in their input. It is proposed that longer words in the input may stimulate children's phonological working memory development, while heightened coarticulation simultaneously introduces important sublexical cues and exposes them to challenging, naturalistic speech, leading to overall stronger phonological processing outcomes.

Keywords: acoustics, lexicon, child-directed speech, phonological neighborhood density, speech clarity, phonological development, nonword repetition


1. INTRODUCTION

The speech and language that children hear early in life is a strong predictor of their linguistic outcomes (Hart and Risley, 1995; Rowe, 2008; Huttenlocher et al., 2010). Children who are exposed to more child-directed speech (CDS) from caregivers eventually produce more complex babbling shapes, process speech faster, and grow larger vocabularies (Hoff, 2003; Weisleder and Fernald, 2013; Ferjan Ramírez et al., 2019). The slow speaking rate, dynamic pitch modulations, and shortened utterance lengths that characterize the unique CDS register are hypothesized to draw infants' attention and scaffold developmentally-appropriate linguistic models, facilitating speech-language development (Ferguson, 1977; Furrow et al., 1979; Fernald, 1985; Cooper and Aslin, 1990; Soderstrom, 2007; Wang et al., 2021). While the acoustic properties of CDS, and their changes over development, have been documented (Liu et al., 2009; Ko, 2012; Cristia, 2013; Hartman et al., 2017; Kalashnikova and Burnham, 2018), less is known about the phonological-lexical characteristics of CDS. This is a clear blindspot. For one thing, many of the acoustic measures previously studied, like vowel dispersion or speaking rate, covary with measures like word frequency and phonological neighborhood density. Consequently, previous observations about the effects of acoustic properties of CDS on children's speech-language outcomes could instead be attributable to lexical properties of the input. Furthermore, despite evidence that the quantity and quality of CDS predict a number of early phonological outcomes including babbling, infant speech perception, and toddler lexical processing—and suggestions in the literature that CDS quantity should impact children's phonological processing—no work to date has explicitly studied the relationship between CDS and children's phonological processing. This, again, leaves a critical gap in our understanding of development because different kinds of linguistic input may matter more, or less, to different developmental outcomes (e.g., lexical processing, speech discrimination) at different developmental stages. It is thus essential that we understand not simply if input matters for children's phonological processing, but also how and when.

To that end, this study has two goals. In a large cohort of English-learning children (n = 84), observed from 7 to 24 months, we first document longitudinal changes in a comprehensive battery of (North American) CDS characteristics. Then, in the same cohort, we model static CDS measures at 7, 10–11, and 18 months to predict toddlers' phonological processing and vocabulary sizes at 24 months. In doing so, we document how an array of co-varying lexical, phonological, and acoustic characteristics of CDS change over development, allowing us to disentangle and model how they contribute to toddlers' speech-language outcomes at 24 months.



2. PREVIOUS LITERATURE


2.1. Changes in Child-Directed Speech With Age

Child-directed speech (CDS) is not a static construct over the first years of a child's life. From infancy through early toddlerhood, the mean length of CDS utterances increases (Stern et al., 1983), the vowel space and individual vowel categories expand and then contract (Bernstein Ratner 1984; Liu et al. 2009; Hartman et al. 2017, but see Burnham et al. 2015; Kalashnikova and Burnham 2018), and speaking rate increases (Ko, 2012; Sjons et al., 2017; Raneri et al., 2020). Fundamental frequency baselines and ranges also change non-linearly throughout this time (Stern et al., 1983; Kitamura et al., 2001; Kitamura and Burnham, 2003; Vosoughi and Roy, 2012; Han et al., 2018). While these studies demonstrate a fairly comprehensive understanding of age-related changes in the acoustics of CDS, our descriptions of phonological-lexical characteristics of CDS, as well as how they change over time, are more superficial. For example, it is well known that the number of word types, and frequency of rare words, in CDS increases as children age (Rowe, 2012; Glas et al., 2018). But there are far more sophisticated methods available to model the phonological-lexical properties of linguistic input. For example, sublexical organization of the lexicon can be modeled using PHONOLOGICAL NEIGHBORHOOD DENSITY, or the number of words differing from a target word by one phoneme (e.g., the neighbors sat and cat). Words with many neighbors are said to reside in dense neighborhoods while those with few neighbors reside in sparse neighborhoods. Another related sub-lexical covariate is PHONOTACTIC PROBABILITY, or the likelihood of a sound sequence in a language (e.g., blick is higher probability than bnick in English). Word frequency and word length (in phonemes) are likewise rarely included in models of CDS.

There are three reasons why it is important to model these phonological-lexical characteristics of CDS and their impact on children's speech-language outcomes. First, there is strong evidence that phonological-lexical properties of the input should impact children's phonological processing. Equivalent research has established such a relationship for children's word learning; for example, children learn words from dense neighborhoods first, followed by sparser neighborhoods (Storkel, 2004a; Storkel and Hoover, 2011; Kern and dos Santos, 2018; Zamuner and Thiessen, 2018). Second, the organization of the lexicon is reflected in adult speech production. Adults phonetically reduce (shorten segment durations, contract the vowel space, coarticulate more) in high-frequency relative to low-frequency words (Gahl, 2008; Bell et al., 2009), and in words from dense phonological neighborhoods relative to words from sparse neighborhoods (Scarborough, 2005; Gahl et al., 2012)1. Adults, and children, also reflect the structure of their lexicon in their speech as they produce high phonotactically probable sequences more smoothly (shorter durations) than low probability sequences (Edwards et al. 2004; see Vitevitch and Luce 2016 for overview). Adults are also known to reflect word structure in their speech. For example, adults compensate for prosodic structure via COMPENSATORY SHORTENING, the phenomenon where word duration decreases as word length increases (Munhall et al., 1992; Harrington et al., 2015).

Finally, modeling characteristics of the lexicon, like phonological neighborhood density, in CDS is important because many of these measures are known to impact children's lexical access and processing. Dense phonological neighborhoods have been shown to inhibit lexical retrieval in children (Newman and German, 2002; Arnold et al., 2005), while high-frequency words, especially from sparse neighborhoods, are more rapidly recognized (Metsala, 1997)2. Evidence from the nonword repetition paradigm has also demonstrated that children process phonemically-shorter and phonotactically-probable words better than longer and/or less probable words (Gathercole et al., 1991; Edwards et al., 2004).

The conclusion from the above findings is that the acoustic properties of children's input, and the speed and accuracy of children's ensuing word recognition, vary systematically by word structure and the organization of the lexicon. Consequently, in development, it is not sufficient to only model CDS parameters like word types or tokens. Furthermore, and most critically, much work suggests that hyperarticulated CDS, like an expanded vowel space, may facilitate certain linguistic outcomes (Liu et al., 2003; Hartman et al., 2017). But as this body of research demonstrates, hyperarticulation (i.e., speech clarity) varies according to word structure and statistics: speakers hyperarticulate low-frequency words, phonetically reduce long words relative to short, etc. So the effects of these co-varying parameters, acoustic and lexical, need to be disentangled for children's development.



2.2. Nonword Repetition: An Important Indicator of Speech-Language Development

Phonological working memory, or the ability to recall sequences of phones, is a critical prerequisite to process—and thus learn—speech and language (Gathercole, 2006; Pierce et al., 2017). Children with stronger phonological working memories grow larger vocabularies (Adams and Gathercole, 1995; Baddeley et al., 1998), construct more complex syntactic constituents (Adams and Gathercole, 1995, 1996), and develop stronger phonological awareness skills (Michalczyk et al., 2013; Erskine et al., 2020).

Phonological working memory is often assessed using nonword repetition (NWR) tasks where participants process, temporarily store, and repeat novel, phonotactically-permissible sequences of phones (e.g., blick). NWR closely mimics novel word learning processes. In the task, children must not only activate phonological representations in response to an auditory stimulus, just as they do in, for example, looking-while-listening tasks, but they must also organize their speech motor-schemata to articulate a novel sequence of sounds. As such, NWR ability is unsurprisingly one of the strongest and most consistent predictors of children's future speech, language, and literacy development (Gathercole and Baddeley, 1989; Gathercole, 2006).

A variety of linguistic and experiential factors impact NWR accuracy, including stimulus length (Gathercole et al., 1991), phonological complexity (Szewczyk et al., 2018), and phonotactic probability/wordlikeness (Gathercole et al., 1991; Edwards et al., 2004; Szewczyk et al., 2018). Participants' vocabulary size (Gathercole and Baddeley, 1989; Munson et al., 2005; Hoff et al., 2008) and real-word repetition accuracy (Torrington Eaton et al., 2015) also predict NWR performance. Thus, although NWR was originally assumed to be a language-neutral diagnostic measure of phonological working memory, relevant experiential predictors, such as phonotactic probability, demonstrate that biologically-endowed working memory and experience with language, together, predict performance on the task (Gathercole and Baddeley, 1989; MacDonald and Christiansen, 2002).

One experiential predictor that developmental researchers have long assumed should predict children's NWR ability is linguistic input. There could be an indirect effect of input on NWR. Children who hear more CDS in their environments grow larger vocabularies (Hoff, 2003) and this vocabulary knowledge could result in a reorganization and early maturation of the lexicon, increasing NWR accuracy (Gathercole and Baddeley, 1989; Munson et al., 2005; Hoff et al., 2008).

Evidence for possible direct effects of language input on NWR, however, comes from a few different sources. First, studies show that children who receive more language input process speech faster during lexical identification tasks (Hurtado et al., 2008; Weisleder and Fernald, 2013), suggesting that there could be a similar relationship for NWR tasks. Elsewhere, in bilingual children, dual language exposure explains 20-25% of the variance in their NWR abilities at 22 months (Parra et al., 2011), meaning that bilingual children who are exposed to more of one of their languages have stronger NWR abilities in that language (though these exposure effects have not been found in older bilinguals; Core et al. 2017; Farabolini et al. 2021). Furthermore, children in an indigenous society with low reported rates of CDS were reported to have lower NWR scores than age-matched peers elsewhere in the literature (Cristia et al., 2020). And finally, a series of computational modeling studies that manipulated parameters of the input were able to replicate known developmental NWR patterns in 2- 6-year-olds, suggesting direct effects of input on NWR outcomes (Jones, 2016).

The assumption underlying all of this work is that children who are spoken to more, and engage in more conversations with caregivers, should have more practice processing incoming speech, encoding new words, and articulating novel sequences of phones—all skills that are implicated during NWR. However, despite these assumptions, and the strong evidence suggesting that such a link between input and phonological processing exists, to date no study has explicitly evaluated what parameters of the input predict children's NWR performance, a critical gap that the current study fills.



2.3. Research Questions

In sum, there are clear lexical (word types and tokens) and acoustic (vowel space, speaking rate) effects on children's speech-language development. However, many of these parameters vary systematically by the structure of the lexicon. The first goal of this paper is to document age-related changes in a battery of acoustic and lexical parameters of North American CDS. We ask:

1. How do organizational characteristics of the lexicon—phonological neighborhood density, word frequency, phonotactic frequency, word length—that are so predictive of adult speech production and children's lexical processing, change in CDS over development? Relatedly, how do frequently studied CDS measures, such as number of word types, change over development in this sample?

Then, to disentangle the effects of these co-varying acoustic and lexical parameters of children's input, we evaluate how each parameter predicts children's phonological processing and vocabulary sizes at 24 months.

2. What is the unique contribution of each acoustic and lexical input parameter, at 7, 10–11, and 18 months, for children's NWR and expressive vocabulary size at 24 months?

To answer these questions, we measure a host of acoustic and lexical parameters of CDS in semi-naturalistic caregiver-child interactions over the first 2 years of life as well as children's outcomes at 24 months.




3. METHODS


3.1. Participants

Eighty-six mother-child pairs participated in the study. All children were born full-term, had normal hearing and vision, and heard primarily American English (approximately ≥85%) in the home at the time of initial recruitment (one child was also beginning to be exposed to Spanish at 7 months). Four children were in bilingual childcare settings at 24 months. All pairs were followed longitudinally from when the child was 7 to 24 months, and participated in a number of speech-language tasks including speech segmentation, phonological processing, and receptive and expressive vocabulary assessments, as well as free play sessions between the mother and child to elicit CDS samples.

Prior to analysis, two caregiver-child dyads were removed completely: one where the child did not complete the vocabulary assessments at 18 or 24 months and another where all of the transcripts of the mother-child interactions were unavailable for analysis. The gender distribution for the final sample of 84 participants was n = 49 female and n = 35 male children (see Table 1 for age information). Family socioeconomic status was quantified as mother's education level: 79 mothers (94%) had at least a college degree (1 did not respond). Caregivers identified their children's race/ethnicity as follows: 7 African American children (8.33%), 2 African American and white (2.38%), 3 Asian American and white (3.57%), 66 white (78.57%), 2 white Hispanic (2.38%), 3 non-white Hispanic (3.57%), and 1 child of mixed race and ethnicity. Forty-six (54.76%) of children were first-born, 32 (38.10 %) second-born, 4 (4.76%) third-born, and 1 each was the fourth- and fifth-born in the families.


Table 1. Child age and caregiver-child play session statistics.
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An additional n = 39 children participated in the research program but either could not complete the NWR task (n = 30) or scored below the 10th percentile on the MacArthur-Bates Communicative Development Inventory (MB-CDI) (Fenson et al., 2007) at 24 months (n = 9); the data from these caregiver-child dyads are not analyzed here. We elected to remove the children who scored below the 10th percentile because that can be considered the cut-off for clinical diagnosis and it was not possible to ascertain diagnoses of language-related disorders (e.g., developmental language disorder) via other means given the children's young ages. See Torrington Eaton et al. (2015) for further details on participant exclusion.



3.2. Procedures


3.2.1. Adult Language Samples

To elicit CDS samples, each caregiver-child pair participated in a free-play session in the lab at 7, 10, 11, and 24 months. Approximately half of the participants (n = 40, 47.62% of the sample) also completed a play session at 18 months. For the purposes of this study, the 10 and 11 month timepoint data were combined: n = 56 dyads (67.47% of the sample) contributed the CDS sample at 10 months and n = 27 (32.53%) contributed at 11 months.

During the play session, caregivers were instructed to interact and speak with their child naturally, as if they were at home. Participants were provided with a number of standardized toys and board books to ensure that a sufficient number of target vowels and segments were elicited over the course of the interaction. Caregivers were recorded with an Audio-Technica AT 8531 lavalier microphone connected to a Marantz PMD 660 solid-state recorder. Each session lasted between 15 and 20 minutes.

Two recordings, one at 11 months and another at 24 months, were removed because they were only approximately 5 minutes in length or shorter. An additional two 7-month recordings were removed due to poor audio quality/unavailability. Transcriptions from the caregiver-child play sessions in the lab can be found in the NewmanRatner corpus, available on CHILDES (https://childes.talkbank.org/access/Eng-NA/NewmanRatner.html) (MacWhinney, 2000; Newman et al., 2016).



3.2.2. Word Repetition Tasks

At their 24-month visit, children completed a real word and corresponding nonword repetition task. Our goal in the NWR task was to evaluate phonological errors attributable to breakdowns in speech processing. However, 2-year-olds regularly make phonemic substitutions, due to ongoing articulatory maturation, that do not reflect their phonological processing skills. Consequently, we administered a real word repetition task, in addition to the nonword task, to control for children's articulatory skill during NWR (see section 3.3.4). To further ensure that we were evaluating children's phonological processing skills, and not their articulatory maturity, we also excluded late-emerging consonants such as /ɹ/ from the stimuli. See Torrington Eaton et al. (2015) for extensive modeling of these children's nonword and real word repetition results.

Stimuli for the real word and nonword repetition tasks consisted of n = 11 nonwords and n = 11 corresponding real words (n = 4 one-syllable, n = 4 two-syllable, and n = 3 three-syllable in each condition), matched for target consonants and consonant-vowel transitions by word condition (see Table A1 for stimuli list). Stimuli were adapted from Hoff et al. (2008). For the real word repetition task, children were handed small toys representing the target word and were prompted to repeat the word after the experimenter. For nonword task administration, the child was handed a brightly colored stuffed animal and the experimenter asked the child to repeat the “funny name.” The experimenter produced each item no more than two times before continuing to the next item. The real word repetition task was always administered before the nonword task to familiarize children with the task.



3.2.3. Vocabulary Measurement

Children's vocabulary size was assessed at each timepoint in the longitudinal investigation. The MB-CDI (Fenson et al., 2007) was administered at 7, 10, 11 and 24 months for all children, and at 18 months for the n = 40 children tested at that timepoint (receptive vocabulary was assessed at ages 7, 10, and 11 months and expressive at 18 and 24 months). Additionally, the Peabody Picture Vocabulary Test, Fourth Edition (PPVT-4) (Dunn and Dunn, 2007) and Expressive One-Word Picture Vocabulary Test, 3rd edition (EOWPVT-3) (Brownell, 2000) were administered at 24 months. For the PPVT-4 we report raw scores because standard scores are only available for children older than 30 months.




3.3. Data Processing


3.3.1. Cleaning Caregiver-Child Transcripts

From the caregiver-child transcripts, we excluded all onomatopoeia, exclamations (e.g., “ick!”), and proper names (except places likely to be common to all children in the sample such as “Maryland”), resulting in n = 3,463 word types across all timepoints and speakers. From these word types, contractions were excluded from the calculation of phono-lexical measures, as they are not included in the lexical statistics dictionary we used [n = 252 (7.28%) word types removed]; contractions were not excluded from the acoustic analysis.



3.3.2. Measures of Phono-Lexical Diversity

A number of phono-lexical characteristics were calculated over transcripts of the caregiver-child interactions:

• PHONOTACTIC PROBABILITY: probability of each word type in the transcript based on its average biphone positional probability in American English

• PHONOLOGICAL NEIGHBORHOOD DENSITY: number of phonological neighbors of each word type in the transcript

• WORD LENGTH: length, in phonemes, of each word type in the transcript

• WORD FREQUENCY: each word type's frequency in American English

We additionally computed the Type:Token Ratio (TTR) of each transcript, as well as the MEAN AVERAGE TYPE:TOKEN RATIO (MATTR) which is less sensitive to speech sample length than TTR (Fergadiotis et al., 2013). MATTR was computed over a 10-word token moving window (i.e., for a window of x tokens, MATTR is computed over tokens 1-x, 2-x, etc.). Finally, we computed the Type and Token count of each transcript. Many of these phono-lexical statistics are highly correlated, so they are evaluated separately for the statistical modeling.

The TTR, MATTR, Type count, and Token count were computed using Computerized Language ANalysis (CLAN) software program (MacWhinney, 2000). The lexical statistics were calculated using the Irvine Phonotactic Online Dictionary (IPhOD) (Vaden et al., 2009). The IPhOD computes phonotactic probability from biphone co-occurrence in English. Phonological neighborhood density statistics in the IPhOD were made according to Vitevitch and Luce (1999) and word frequency estimates in the dictionary were derived from the American English SUBTLEX database (Brysbaert and New, 2009). Word frequency and phonotactic frequency were log transformed prior to analysis. Following Storkel (2004b), phonotactic probability was additionally z-score normalized to control for word length confounds. For words with multiple pronunciation variants in the IPhOD, we selected the variant with the highest phonotactic probability. These lexical statistics are reported over word types, not tokens, within each speech sample, which is consistent with previous research.

Although estimates of neighborhood density and phonotactic probability based on children's lexicons are available (Storkel, 2004a), we elected to compute these measures over adult lexicons because our interest was in what components of adult speech best predicted children's phonological outcomes. Lexical statistics calculated over adult and child speech corpora are also strongly correlated (Guo et al., 2015).



3.3.3. Acoustic Analysis

Given the large amount of acoustic data generated from 84 children, at multiple timepoints, we conducted the acoustic analysis over a subset—the second 5-min chunk—of each caregiver-child play session at 7, 10–11, and 24 months (excluding the 18-month sample since this was only collected from a subset of the dyads). The 5-min subsets of each play session were segmented into Praat TextGrids (Boersma and Weenink, 2020) and force-aligned to the phone level (McAuliffe et al., 2017). One of two trained phoneticians then hand-checked each TextGrid and adjusted the alignment as necessary. Because acoustic measures can be sensitive to segmentation, alignment was standardized in several ways. Periodicity in the waveform and formant structure in the spectrogram marked vowels. Vowels were distinguished from glides by the presence of a steady-state formant. In the absence of a steady-state formant, 50% of the segment was devoted to the glide and 50% to the vowel. Utterance-initial plosives were segmented at the start of their release. Nasals were identified by anti-formants and depressed intensities in the spectrogram and fricatives by high-frequency energy in the spectrogram and aperiodicity in the waveform. Speech that was whispered or yelled was removed from acoustic analysis as were all words whose spectral shape could not be deduced in the spectrogram due to phonetic reduction. Overlapping speech (i.e., with target child) was also marked to be excluded from analysis.

We computed four measures of hyperarticulation in the CDS samples: vowel dispersion, vowel space area, segment duration, and adjacent consonant-vowel/vowel-consonant coarticulation. To compute vowel dispersion and vowel space area, the first and second formant (F1 and F2) frequencies at the midpoint of the three peripheral /i, a, u/ vowels were measured using a triple formant tracker running Inverse Filter Control (Watanabe, 2001), Entropic Signal Processing System's “autocorrelation”, and Entropic Signal Processing System's “covariance” formant trackers (https://github.com/megseekosh/vocal_tract_vowel). Then, the median F1 and F2 from the three trackers were computed. Formant measurements were Lobanov-normalized to account for speaker-specific anatomical differences (Lobanov, 1971); all vowel results were replicated with unnormalized data as well, except where noted. The caregiver's average vowel space area was measured, at each timepoint, using the phonR package in R (see McCloy 2016 for detail on measurement technique). Finally, the dispersion of each vowel token (calculated from word types to avoid data skew due to high-frequency words within the transcript) was calculated as the distance of each vowel token along F1 and F2 from each speaker's median F1 and F2 values.

We implemented coarticulation as the acoustic distance between adjacent phones, using a custom Python script running Librosa packages (McFee et al. 2015; see Gerosa et al. 2006; Cychosz et al. 2019 for further details). Specifically, Mel-frequency log-magnitude spectra were averaged over the entirety of each target phone; coarticulation was then the Euclidean distance between the averaged spectra of neighboring phones. We did not compute coarticulation within (1) stop-vowel sequences because it was not possible to delimit the closure portion of utterance-initial stops or (2) voiceless glottal fricative-vowel sequences due to the weak spectral signature of those fricatives. Coarticulation was computed for all remaining consonant manners.

Because unstressed vowels are highly reduced in American English, the hyperarticulation measures involving vowels were only made over stressed vowels/sequences containing a stressed vowel (including if the vowel-consonant transcended a syllable boundary). We additionally only computed the hyperarticulation measures in content words, which is in keeping with previous work on the interaction of vowel space, coarticulation, and the lexicon (Gahl et al., 2012; Zellou and Scarborough, 2015).

We assessed changes in speaking rate by modeling segment duration, and not explicitly calculating maternal speaking rate as number of syllables/minute, for example, because speaking rate is highly correlated with segment duration and there have been recent reports on age-varying changes in maternal speaking rate in this corpus (Raneri et al., 2020).



3.3.4. Nonword Repetition Scoring

The nonword stimuli contained n = 33 phoneme targets to be scored. To ensure that NWR errors were attributable to children's phonological processing, and not articulatory limitations, each phoneme produced in the NWR condition was compared to the equivalent phoneme in the real word condition. If the phoneme was produced incorrectly in both conditions, it was assumed to be attributable to articulatory limitations, and was not marked incorrect in the nonword condition. If the phoneme was produced incorrectly in only the nonword but not real-word condition, it was marked incorrect in the nonword condition. Nonwords that children failed to repeat after two experimenter prompts were also marked as inaccurate.





4. RESULTS

Data were analyzed in the RStudio computing environment (version: 1.4.1103; RStudio Team 2020). Data visualizations were created with ggplot2 (Wickham, 2016). Modeling was conducted using the lme4 (Bates et al., 2015) and lmerTest (Kuznetsova et al., 2017) packages. Pairwise comparisons and model summaries were presented with emmeans (Lenth, 2021) and Stargazer (Hlavac, 2018). Model parameter significance was determined via a combination of log-likelihood comparisons between models, AIC estimations, and p-values from model summaries. Relevant variables were mean-centered prior to model fitting. All modeling and analysis scripts are included in the affiliated GitHub repository (https://github.com/megseekosh/cds-processing).


4.1. Age-Related Changes in Child-Directed Speech

Descriptive statistics for the acoustic-lexical CDS measures at 7, 10–11, 18, and 24 months are included in Table 2 and outlined in Figures 1–3). To evaluate these age-related changes in CDS, we fit a series of linear mixed effects models to predict each CDS measure. Each model included a random intercept of child-caregiver dyad and a fixed effect of timepoint.


Table 2. Descriptive statistics of child-directed speech characteristics at 7, 10–11, 18, and 24 months.
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FIGURE 1. Word type and token count in child-directed speech between 7 and 24 months. Large, gray points indicate mean; whiskers indicate 1 SD from mean. Notches indicate median. *p < 0.05; **p < 0.01; ***p < 0.001.
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FIGURE 2. Phono-lexical characteristics of child-directed speech between 7 and 24 months. Large, gray points indicate mean; whiskers indicate 1 SD from mean. Notches indicate median. Individual datapoints indicate median word frequency and phonological neighborhood density (left and center figures), or mean word length (right figure). *p < 0.05; **p < 0.01; ***p < 0.001.
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FIGURE 3. Acoustic characteristics of child-directed speech between 7 and 24 months. Large, gray points indicate mean; whiskers indicate 1 SD from mean. Notches indicate median. Individual datapoints indicate each caregivers' vowel space size (left figure), or median phone duration and coarticulation (center and right figures). *p < 0.05; **p < 0.01; ***p < 0.001.


There were significant effects of timepoint for all CDS measures except phonotactic probability, indicating that the input measures changed as children aged. Word type and token count increased significantly between each timepoint sampled, replicating previous work (Rowe, 2012), except 7 to 10–11 months (see Table S1 in the Supplementary Materials for pairwise comparisons of timepoints). The modeling also demonstrated how phono-lexical statistics of the input changed with child age. There was a significant, negative effect of the 24-month timepoint on the measures, indicating that children heard less frequent, longer words, from sparser neighborhoods, at 24 months than the other points (pairwise comparisons in Table S2 in Supplementary Materials).

Finally, there were significant changes in the acoustics between 7 and 24 months and 10–11 and 24 months where the speech became significantly faster (7–24 month changes: β = −7.32 t = −7.21 p < 0.001), but less coarticulated (7–24 month: β = 0.45, t = 5.94 p < 0.001) and produced with a more expanded vowel space (7–24 month: β = 0.99, t = 3.46, p = 0.002) (see Table S3 in Supplementary Materials for all pairwise comparisons). Given that vowels tend to reduce, and coarticulation increases, in faster speech, this pattern in the acoustics was somewhat surprising. However, as discussed in the introduction, many lexical statistics covary with acoustic properties so even as parents were speaking faster to their older children, the fact that they were using more diverse, lower-frequency words could explain the relative hyperarticulation in their speech at 24 months. (Again, acoustics were not measured at 18 months.)

In the descriptive statistics, one additional pattern emerged. Overall, the data trend is for CDS properties to resemble adult-directed speech more as children age. The exception to this is at 10–11 months, where many of the measures exhibit a hyper CDS register. There are, on average, fewer word types and tokens at 10 months than 7 months (the upper range of word count is also lower at 10 months). Words at 10 months tend to come from denser neighborhoods and be more coarticulated. We emphasize that the differences between 7 and 10–11 months are simply trends—no significant differences between the timepoints emerged in the modeling and there are no reliable differences between them. However, the trend suggests that parents may use a slightly more exaggerated CDS register at 10–11 months, as compared to just 3 months prior. We return to this point in the Discussion.



4.2. Modeling Relationships Between CDS, Phonological Processing, and Vocabulary Size

Having established that the quantity and quality of CDS speech differs by child age, we next evaluated how individual CDS differences explained the children's outcomes (NWR accuracy (i.e., phonological processing) and vocabulary size) at 24 months. Descriptive statistics of the children's outcomes are listed in Table 3, including the vocabulary measures at 7, 10, 11, and 18 months. Children varied greatly in performance on the NWR task (28–100% accuracy), and there was a similarly large range of vocabulary sizes at each timepoint sampled (i.e., 62–664 at 24 months). Expressive vocabulary size (MB-CDI) at 24 months is positively correlated with NWR accuracy at the same age (r = 0.26, p = 0.02), corroborating previous work on the relationship between the measures (Munson et al., 2005; Hoff et al., 2008)3.


Table 3. Child outcome measures at 7, 10, 11, 18, and 24 months.
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To model how the acoustic-lexical features of CDS predicted the children's outcomes, we fit a series of linear regression models outlining the relationship between input at the earlier stages—7, 10, and 18 months of age—on the children's outcomes at 24 months. Because there were different effects of acoustic and lexical CDS parameters by child age on NWR accuracy and vocabulary, we model acoustic and lexical parameters separately in the following sections.


4.2.1. Modeling Predictors of Phonological Processing

Linear models were fit to predict each child's accuracy on the NWR task. To ensure that any effect of the CDS measures on NWR performance was attributable to the input, we needed to control for well-known baseline covariates of input (Maternal Education) and NWR (vocabulary size). Consequently, all NWR modeling includes these variables. In all cases, we modeled vocabulary concurrently with input since we wanted to control for the predictive nature of vocabulary for NWR and not simply its correlation with NWR at 24 months.

We next evaluated the role of each potential phono-lexical parameter: Word Frequency, Word Length (in phonemes), Phonological Neighborhood Density, Phonotactic Probability, Number of Word Types, Number of Word Tokens, MATTR, and TTR. Because the latter four variables are unnested, meaning they only provide one observation per transcript, while others are nested (i.e., each word type present in the transcript contributes an observation of phonotactic probability), we could not directly compare all of the variables in a straightforward manner. So we first present models of the nested variables, like Word Frequency, then the unnested variables, like Number of Word Types, and finally we propose a solution to model all phono-lexical parameters simultaneously.

In our modeling of nested lexical CDS parameters, we found effects of Word Length, Word Frequency, and Phonological Neighborhood Density in the CDS sample at 18 months on the children's NWR accuracy at 24 months. Children who heard longer words, less frequent words, and words from sparser neighborhoods, tended to have higher NWR accuracy. We were interested in the distinct contribution of each of these variables, but they are highly correlated (i.e., high-frequency words tend to be shorter) (Correlation matrices included in Supplementary Materials). So, to determine which correlated parameter(s) resulted in the best model fit, we regressed out each parameter's contribution to the model (Gahl et al., 2012). Specifically, our model-fitting procedure consisted of the following steps:

1. We fit a series of simple linear models predicting the role of each correlated parameter on the other. For example, we fit a model predicting the role of Word Frequency on Word Length. The resulting residuals from that model represented the contribution of Word Length not attributable to Word Frequency.

2. We included the calculated residuals and the ambiguous parameter (representing Word Frequency or Word Length) in linear models predicting outcomes like NWR or vocabulary.

3. We evaluated if the calculated residuals predicted the developmental outcome, above and beyond the ambiguous parameter.

In a model with Word Length residuals and Word Frequency (where Word Frequency could indicate either the role of Word Frequency or Word Length), we found that Word Length residuals predicted NWR accuracy. However, in a model with Word Frequency residuals and Word Length (where Word Length could indicate either the role of Word Frequency or Word Length), Word Frequency residuals did not predict NWR accuracy. From these results, we concluded that there was a direct effect of Word Length on NWR accuracy: children who heard longer words had stronger NWR skills. We also concluded that the observed effect of Word Frequency on NWR accuracy was indirect and explained by Word Length: children who heard less-frequent words demonstrated better phonological processing skills, but only because less-frequent words tend to be longer (in phonemes) (Figure 4 and Table 4).
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FIGURE 4. Lexical predictors at 18 months of nonword repetition accuracy and vocabulary size at 24 months.



Table 4. Modeling the effect of lexical CDS parameters at 18 months on nonword repetition at 24 months.
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We carried out a similar procedure to evaluate the relationship between Phonological Neighborhood Density and NWR accuracy. In a model with Word Length residuals and Phonological Neighborhood Density (where Phonological Neighborhood Density could indicate Phonological Neighborhood Density or Word Length), Word Length residuals predicted NWR accuracy. However, in a model with Phonological Neighborhood Density residuals and Word Length (where Word Length could indicate either parameter), Phonological Neighborhood Density residuals did not predict NWR accuracy. On the basis of this modeling, we also concluded that the effects of Phonological Neighborhood Density at 18 months were explained by Word Length. Again, children's phonological processing appears to benefit from hearing words from sparser neighborhoods, but this relationship is entirely explained by the fact that sparser words tend to be longer in length.

Lastly, we found effects of Word Length and Word Frequency at 7 months on NWR accuracy at 24 months, controlling for the children's receptive vocabulary size at 7 months. Following the same technique just outlined to regress out the contribution of the two correlated variables (Word Length and Word Frequency), we found that both Word Length and Word Frequency at 7 months predicted NWR at 24 months (see Supplementary Materials for visual and model summary). Altogether, however, the model of phono-lexical input at 18 months was a better fit to the NWR outcome.

We next assessed how the unnested lexical variables, like Word Token Count, predicted NWR outcomes. Only the parameter Number of Word Types at 18 months improved upon a model controlling for Maternal Education and the children's expressive vocabulary at 18 months: children who heard more word types at 18 months had higher NWR accuracy at 24 months. None of the remaining parameters (Word Tokens, TTR, MATTR) at any timepoint improved upon the baseline model.

To conclude the lexical modeling, we wanted to evaluate the contributions of Word Length and Number of Word Types at 18 months on NWR accuracy. When comparing nested and unnested independent variables such as these, researchers typically condense the nested variable to avoid overinflating the effect of the unnested variable (Foster-Johnson and Kromrey, 2018). One could, for example, model the average length of all word types and compare it to the number of word types. However, we assumed that caregivers did not necessarily differ in the average length of words in their speech. All speakers must use a large number of short, function words to communicate, resulting in little between-caregiver variability in a hypothetical parameter such as “average word frequency.” Instead, we hypothesized that caregivers would vary in the number of outlier observations—in this case, long words—in their speech.

With this idea in mind, we calculated the median word length of all word types uttered by all caregivers at 18 months. The median word length was four phonemes. Then, for each caregiver, we counted how many words they produced that were equal to or longer than (in phonemes) this median word length. The result of this calculation was a new unnested parameter that we created called Number of Long Words. Crucially, because Number of Long Words was unnested, we could directly compare it to Number of Word Types in a model predicting NWR outcomes.

Number of Long Words and Number of Word Types are necessarily correlated (the more distinct words you use, the longer your average word length). So, we regressed out the effect of each of these variables on the other to calculate residuals following the same method previously outlined. In a model predicting NWR outcomes, neither residuals for the parameter Number of Word Types nor Number of Long Words was significant. This result indicated that it was not possible to disentangle the effect of Number of Long Words from Number of Word Types on NWR accuracy: the modeling suggests that both variables, together, predict NWR accuracy (Figure 5).


[image: Figure 5]
FIGURE 5. Acoustic-lexical predictors of nonword repetition at 24 months. On the left graph, increased spectral distance indicates less coarticulation. Gray regression represents model predictions. Colored points and local regressions represent original data. Ribbons represent 95% confidence intervals. *Word types containing 4+ phonemes.


Our final models predicting NWR evaluated the influence of acoustic CDS features: Vowel Space Size, Vowel Token Dispersion, Coarticulation, and Phone Duration. The effect of acoustic features was only apparent in the CDS sample from 10 to 11 months, not 7 months (acoustics were not measured at 18 months).

We found no effect of Vowel Space Size or Vowel Token Dispersion, at any time point, on the children's NWR outcomes, after controlling for Receptive Vocabulary at 11 months and Maternal Education4. However, both Coarticulation and Phone Duration at 10 months negatively predicted the children's NWR: children who heard slower, less coarticulated speech performed worse on the NWR task (Table 5).


Table 5. Modeling the effect of acoustic CDS parameters at 10–11 months on nonword repetition at 24 months.
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We were interested in teasing apart the roles of Phone Duration and Coarticulation for NWR accuracy. However, the parameters are related because speakers tend to coarticulate more in faster speech (Gay, 1981). In our modeling of NWR accuracy, the best fit only included the variable Coarticulation (at 10 months), not Phone Duration. Adding Phone Duration to this model resulted in a slightly worse fit, and Phone Duration was not significant in the model summary. Nevertheless, we elected to include Phone Duration in the final model to control for the effect of speaking rate. Consequently, our Coarticulation parameter in the final model more accurately reflects the unique contribution of Coarticulation on NWR outcomes, controlling for speaking rate (Figure 6). Overall, however, we conclude that Coarticulation completely mediates the effect of Phone Duration on the children's NWR.


[image: Figure 6]
FIGURE 6. Acoustic predictors of nonword repetition accuracy and vocabulary size at 24 months.


Additionally, although phonetic reduction, like coarticulation, is positively correlated with lexical statistics such as word frequency and word length (after controlling for frequency), we did not find effects of Word Length or Word Frequency at 10 months on the children's NWR outcomes. Thus, the effect of Coarticulation is not merely masking lexical effects such as Word Length: children who heard more coarticulated speech at 10 months performed better on the NWR task, irrespective of word length.



4.2.2. Modeling Predictors of Expressive Vocabulary Size

In the final section, we modeled the effects of acoustic-lexical CDS parameters at 7, 10, and 18 months on expressive vocabulary size at 24 months. Linear models were fit to predict each child's reported expressive vocabulary size at 24 months. We again included baseline covariates known to predict children's vocabulary outcomes (Maternal Education and Child Gender): children of mothers with more years of education had larger vocabularies and girls had larger vocabularies than boys. All subsequent modeling includes these variables. As before, we first evaluate the nested lexical variables, then the unnested variables, and finally the acoustic parameters.

In a model predicting the children's expressive vocabulary size at 24 months, we found significant effects of Word Frequency and Word Length at 18 months. (We additionally found effects for these variables at 7 and 10 months, but the best model fit was again found for the measures at 18 months.) As before, we attempted to disentangle the effects of Word Frequency and Word Length by regressing the variables out. In doing so, we found effects of Word Frequency residuals in a model containing Word Frequency residuals and Word Length (where Word Length could indicate Word Frequency or Word Length), but no reliable effect of Word Length residuals in a model containing Word Length residuals and Word Frequency. This result indicates a direct effect of Word Frequency on vocabulary outcomes. Additionally, it shows that the effect of Word Length at 18 months on children's vocabulary outcomes at 24 months is entirely explained by Word Frequency: unsurprisingly, children who heard less frequent words tended to have larger vocabularies.

We next evaluated the contribution of unnested parameters like Number of Word Types. As anticipated from previous work, Number of Word Types, at 7, 10, and 18 months, significantly predicted the children's vocabulary sizes at 24 months: children who heard more diverse words went on to have larger vocabularies. Number of Word Tokens was likewise significant, but Number of Word Types provided the best model fit, indicating, as previous work has established (Rowe, 2012), that word diversity was of greater importance than raw word quantity for children's vocabulary development.

We next wanted to evaluate the contributions of Word Frequency and Number of Word Types at 18 months on children's vocabulary sizes at 24 months. To compare nested and unnested variables, we followed the same steps previously outlined: first, we calculated the median frequency of all word types produced by all caregivers at 18 months. Then, we calculated the number of words below the word frequency median that the caregiver produced. The result was an unnested parameter, Number of Low Frequency Words, that we compared to the unnested parameter Number of Word Types by regressing out the effect of each variable on the other and modeling the ensuing residuals.

We found a significant effect of Number of Word Types residuals in a model with those residuals and Number of Low Frequency Words. However, we did not find an effect of Number of Low Frequency Words residuals in a model with those residuals and Number of Word Types. This result led us to conclude that the Number of Word Types is the most relevant predictor of children's vocabulary outcomes: word frequency is only predictive in that if caregivers use more diverse words, they will, necessarily, eventually use words with lower statistical frequency in English (Figure 4 and Table 6).


Table 6. Modeling the effect of lexical CDS parameters at 18 months on expressive vocabulary at 24 months.
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As a final step in our modeling of vocabulary outcomes, we wanted to evaluate the contribution of the acoustic CDS parameters on the children's vocabulary outcomes. Unlike the NWR outcome, we found a significant, positive effect of increased, unnormalized Vowel Space Size at 10 months on expressive vocabulary size at 24 months (there was no effect of Vowel Token Dispersion at 7 or 10 months—the timepoints where acoustics were measured)5. However, an unnested model including only the parameter Word Type Count, as well as baseline covariates of Maternal Education and Gender, provided a better fit to the data so we conclude that Vowel Space Size is not a reliable predictor of vocabulary size in this dataset once lexical diversity of the input is considered.

We again found effects of Coarticulation and Phone Duration at 10 months on the expressive vocabulary outcomes. Specifically, children who heard slower, less coarticulated speech at 10 months had larger vocabularies at 24 months, controlling for Gender and Maternal Education, meaning that the direction of the effect of Coarticulation and Phone Duration differed by outcome (vocabulary vs. NWR). Again, speaking rate and coarticulation are correlated since speakers tend to coarticulate more in faster speech. Coarticulation improved upon a model with just Phone Duration, and both parameters were significant in the final model summary, leading us to conclude that both Phone Duration and Coarticulation, together, explained vocabulary outcomes. However, Coarticulation does, in part, mediate the effect of Phone Duration since (1) both parameters were significant in the model and (2) increased speaking rates cause increased coarticulation, but increased coarticulation does not cause speaking rates to increase (Table 7).


Table 7. Modeling the effect of acoustic-lexical CDS parameters at 10 months on expressive vocabulary at 24 months.
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5. DISCUSSION

Child-directed speech changes over the first years of a child's life, with ramifications for speech and language development (Stern et al., 1983; Huttenlocher et al., 2010; Ko, 2012; Hartman et al., 2017; Kalashnikova et al., 2018; Silvey et al., 2021). While age-related acoustic changes in CDS are well-documented, lexical statistics such as phonotactic probability and word frequency—which, crucially, are reflected in the acoustics of adult speech—are not. Consequently, the first goal of this paper was to document longitudinal changes in an exhaustive set of acoustic, phonological, and lexical characteristics in North American CDS between 7 and 24 months of age. Unsurprisingly, most of the CDS characteristics we measured did change as children aged. However, the measures did not necessarily progress over development in directions anticipated from previous work. Instead, we found that the most hyperarticulated speech occurred at 24 months, even as other characteristics of CDS became more adult-like, and we also observed a tendency for somewhat simplified CDS at 10–11 months.


5.1. Age-Related Changes in Child-Directed Speech

CDS is frequently described as a hyperarticulated speech register (Fernald, 2000), with classic theories arguing that the expanded vowel space enhances and clarifies acoustic categories (Kuhl et al., 1997). Hyperarticulation in CDS, along with other classic CDS characteristics such as a dynamic fundamental frequency, slower speaking rate, and shortened utterance length, is thought to reduce into an adult-directed speech register as children age. Yet caregivers here tended to hyperarticulate the most at 24 months, the oldest developmental stage observed, at a time when their speech might otherwise be expected to at least start resembling a more adult-directed register. There was also a trend—that did not emerge as significant in the modeling—for CDS characteristics to increase at 10–11 months relative to 7.

To a certain extent, North American caregivers are thought to modify parameters of their input, including the phonetics and phonology, to accommodate children's developing linguistic capacities (Snow, 1972; Gros-Louis et al., 2006; Leung et al., 2020). For example, caregivers' vowel spaces tend to expand as children start learning words (Dilley et al., 2014). So it is possible that the hyperarticulation we observed at 24 months stems from caregivers' implicit attempts to highlight phonological contrasts and elucidate individual segments in the input as their children are learning more words. However, we believe that the hyperarticulation at 24 months could have an additional source: the relationship between phono-lexical statistics and speech production. A coarse summary of the relationship between the structure of the lexicon and speech production is that phonetic reduction accompanies language use: short, probabilistic, and high-frequency words, from dense neighborhoods, tend to be phonetically reduced. And one defining characteristic that we observed of the CDS at 24 months was the overall use of longer, lower-frequency words, from sparser neighborhoods. It could thus be that the hyperarticulation observed at 24 months is not necessarily attributable to more extreme CDS at this timepoint or caregivers' implicit attempts to elucidate phonetic categories; rather, this hyperarticulation could reflect the statistically predictable properties of words that caregivers used when speaking to their children at that age.

An alternative explanation for the hyperarticulation at 24 months, and the trend for increased CDS at 10–11 months relative to 7, is that parents may only fine-tune aspects of their input after a certain developmental stage. A caregiver may assume that accommodation is unnecessary before their child has achieved certain levels of linguistic and conceptual maturity. And children's linguistic capacities, especially lexical and phonological, do change rapidly and noticeably over the time period sampled. At 7 months, typically-developing infants have just begun producing consonant-vowel transitions and reduplicated syllables (e.g., “bababa”) (Fagan, 2009). But by 10–11 months, a sizeable proportion of infants' vocalizations contain these transitions and reduplications, which are produced at increasingly faster speeds and with more fully-resonant vowels (Oller, 2000). Then, at 18 months, most infants have begun producing single, recognizable words and by 24 months their vocabularies are expanding rapidly during fast-mapping.

As caregivers are more likely to respond to infants' speech-like than non-speech-like vocalizations (Warlaumont et al., 2014), and to differentiate their feedback by the quality of infant vocalizations (Gros-Louis et al., 2006), we might expect input to differ between many of these timepoints. Specifically, we may observe hyperarticulation at 24 months, and a trend towards hyper CDS at 10–11 months, because caregivers could be engaging in cooperative communication (Renzi et al., 2017). They may recognize a need for linguistic accommodation to their infants at these ages thanks to, ironically, the infants' more advanced phonological and lexical capabilities and propensity to engage in contingent interaction compared to earlier timepoints.

Consequently, Goldilocks zones of infant phonological and lexical development—infants who are increasingly responsive and phonologically mature but not as linguistically advanced as young toddlers—may explain the hyperarticulation at 24 months and the trend toward hyper CDS (reduction in word type and token count, as well as neighborhood density and word frequency) at 10–11 months.



5.2. Language Input Drives Phonological Processing

The effects of language input on children's early lexical and morphosyntactic development have long been observed (Hoff, 2003; Huttenlocher et al., 2010; Bernstein Ratner, 2013; Weisleder and Fernald, 2013). Results concerning the role of input on phonological development, especially phonological processing and NWR, have been less conclusive. On the one hand, computational modeling and behavioral research on populations naturally-differing in input experience (bilingual children, cultures with low reported CDS rates) suggest that input could play a substantial role in some areas of speech development (Parra et al., 2011; Jones, 2016; Cristia et al., 2020). However, unlike other areas of language development, speech production interacts directly with the child's developing articulatory capabilities, potentially rendering production more immune to external factors such as adult input. Consequently, the second goal of this paper was to examine how the acoustic-lexical characteristics of CDS predicted children's NWR at 24 months. Given the strong, bi-directional relationships between children's NWR abilities and vocabulary sizes, we additionally modeled predictors of vocabulary growth. Overall, we found strong evidence for multi-faceted effects of input on NWR, suggesting that past null results could stem from the input measures assessed. The distinct effects of lexical diversity, word length, and hypoarticulation (coarticulation) on children's speech-language outcomes are addressed in the following sections.


5.2.1. Lexical Diversity and Word Length Predict Phonological Processing

Lexical diversity in children's input, above and beyond quantity, results in stronger outcomes for just about every area of language development (Huttenlocher et al., 2010; Rowe, 2012). Here the relationship between lexical diversity and phonological processing/NWR could be explained as children who hear more word types from caregivers have more practice encountering, and potentially repeating, new words varying in phonological structure, length, and semantic content—skills relied upon during NWR. There are potentially additional, more indirect effects of lexical diversity on NWR as well. For example, children who are exposed to more diverse words in their input may also restructure their lexicons, including phonological neighborhoods, at a younger age relative to children who are repeatedly exposed to the same words (Charles-Luce and Luce, 1990; Storkel, 2004a). Among other effects, this lexical restructuring results in greater phonological awareness and phonological abstraction, allowing the children to repeat novel sequences of phones during the NWR task.

NWR ability is a key metric of phonological working memory (Gathercole, 2006; Pierce et al., 2017). Children who perform better on the task are better able to encode, remember, and articulate speech sounds. Modeling in this paper demonstrated that children who were exposed to longer words (in phonemes) performed better on the task, even after controlling for numerous variables, such as word frequency, that covary with word length. The effect of word length upon children's NWR accuracy could operate in the following manner: over time, children who are exposed to a higher modal word length in the input may hone their ability to remember sequences of phones—that is, their input provides them increased opportunity to develop their phonological working memories, a central component evoked during NWR.

Together, lexical diversity and word length dually contribute to NWR abilities at 24 months. To develop the skills required for NWR, children must be exposed to diverse words that allow them to practice novel word repetition and potentially restructure their lexicons. And children must also be exposed to somewhat longer words that exercise their phonological working memories. Lexical diversity and word length are still relatively coarse measures of the input. Both measures encompass a variety of constructs. For example, it could be not just the length of words in the input that promotes phonological processing but also the syllabic complexity of those words. We did not find effects of phonotactic probability, which may reflect phonological complexity to a certain extent, upon the children's outcomes. But our samples also showed little variability in phonotactic probability between or within speakers, so it could be that larger and/or more naturalistic samples would show effects of more detailed input measures such as phonological complexity or phonotactic probability upon children's phonological processing.



5.2.2. Hypoarticulation Drives Phonological Processing; Hyperarticulation Drives Vocabulary Growth

The final predictor of children's speech-language ability at 24 months was the degree of coarticulation in the caregiver's speech at 10 months. An oft-repeated tenet in studies of CDS is that clearer speech leads to better linguistic outcomes, perhaps because CDS helps elucidate phonological categories and demarcates word boundaries, permitting syntactic bootstrapping (Gleitman, 1990). We did indeed find beneficial effects of clear speech at 10 months on children's vocabulary sizes: children of caregivers with more expanded vowel spaces, who spoke more slowly, and coarticulated less, grew larger vocabularies (the effect of vowel space size did not remain relevant after factoring in word type count, however). So, it was initially somewhat surprising to find a beneficial effect of hypoarticulation, instantiated as increased coarticulation, upon children's phonological processing. We were, once again, able to control for a number of (though certainly not all) confounding variables, such as word frequency and speaking rate, that could otherwise explain the relationship between hypoarticulation and NWR. So the question remains: how does children's phonological processing benefit from hearing speech that is more coarticulated?

There are two mechanisms that potentially explain the beneficial effects of hypoarticulation upon phonological processing. First, it is important to clarify that coarticulation is more than random noise and variation in the speech signal. Rather, it provides important, contextual cues about word and segmental identity (Mann and Repp, 1980; Soli, 1981; Mattys et al., 2005; Gow and McMurray, 2007), facilitating word recognition in children as young as 18 months (Mahr et al., 2015). One principle of coarticulation is that it is largely planned (Whalen, 1990), meaning that speakers may subconciously manipulate variability in their speech to enhance communication, including to young children (Zellou and Scarborough, 2015). Thus, the first way that hypoarticulation drives phonological development is via the enhanced sublexical cues that maximally, naturalistically coarticulated input provides.

The other, complementary way that hypoarticulation could facilitate phonological processing outcomes may require reframing our assumptions about the developmental benefits of clear speech. It is often assumed that speech variability introduces noise, overlap, and confusion for infant and child learners, rather than an opportunity for children to scaffold into the adult speech stream. Relative to traditional CDS registers, adult-directed speech is phonetically reduced: it is spoken faster, resulting in more coarticulation and compromised phonological contrasts6. Consequently, children who receive more coarticulated speech in their input are exposed to highly confusable, overlapping speech categories, but they are also exposed to highly naturalistic speech exemplars that reflect a typical adult-directed speech register. Rather than a hindrance to development then, highly reduced, naturalistic speech—that nevertheless stems from a predictable source like the child's central caregiver—may prepare children to parse phonological units from a variety of speech registers, not just simplified CDS.

It is important to consider the developmental stages where we observed effects of hypoarticulation vs. word diversity and length upon the children's NWR accuracy. We did not measure the acoustics of CDS at 18 months, but we did not find a concurrent effect of coarticulation in caregiver speech at 24 months upon NWR at the same age. Nor did we find relationships between coarticulation in caregiver speech at 7 months and later NWR. While these null results cannot entirely rule out a role of hypoarticulation at 7 or 24 months—it could be that we didn't have sufficient word types to determine an effect at 7 months, for example—they do suggest that effects of hypoarticulation upon phonological processing outcomes may be limited to a certain developmental period. Why do we observe effects of coarticulation at 10 months, but not the other time periods? And why do we observe effects of lexical statistics, such as word type counts, at 7 and 18 months but not 10 months?

We believe these results demonstrate that, for phonological processing, it matters more how caregivers speak to 10–11 month-olds than the words they use. Parents who coarticulate more in the speech directed to their children are also speaking faster, thereby reducing their phonological contrasts, all factors that may be preparing their children to process and parse naturalistic speech. This more naturalistic input may even be preparing infants to benefit from overheard, adult-directed speech. It is obvious that a simplified CDS register, with its shortened utterances, isolated words, and longer pauses between utterances, helps infants break into the speech stream at, for example, 6.5–7.5 months (Nelson et al., 1989; Thiessen et al., 2005). Seven- to 8-month-old infants also have stronger lexical recognition and recall for words presented in an infant-directed register than an adult-directed register (Singh et al., 2009). Furthermore, in this study, we still found a clear speech benefit for the children's vocabulary outcomes. But conversely, after a certain point in development, children who are only exposed to easily-segmentable phonemes, syllables, and words may not develop the strongest phonological parsing abilities, making them less prepared to take advantage of more naturalistic, overheard and/or adult-directed speech in their environments.

Taken together, these three predictors of phonological processing—coarticulation, lexical diversity, and word length—suggest a complex, time-varying effect of input upon children's phonological processing outcomes. As such, it is not entirely surprising that previous work on this topic has proven inconclusive. For one thing, some effects of the input, such as word length, may be specific to certain phonological outcomes like NWR. As discussed above, the type of effect, acoustic vs. lexical, also appears to depend upon the timepoint studied.

Since we only sampled the children and their caregivers at discrete, non-random timepoints, we cannot definitively say that certain features (i.e., hypoarticulation) will always best stimulate phonological processing at certain developmental stages (i.e., 24 months). But these results may instead have some broader implications. Caregivers and early educators could consider modifying their speech-language patterns (speed, acoustic reduction, lexical diversity) in accordance with a child's developing linguistic capabilities, gradually increasing the prevalence of adult-directed speech characteristics as children age. Furthermore, there are many benefits of CDS beyond its slower speed and repetitiveness. Infants and children are also attracted to CDS registers because, relative to adult-directed speech, CDS is typified by greater pitch modulations (e.g., Kitamura et al. 2001), more eye-to-eye contact and positive affect between caregivers and children (Singh et al., 2002), and caregivers' exaggerated facial and bodily movements (Brand et al., 2002; Green et al., 2010). So adults could consider combining some aspects of adult-directed speech (e.g., faster speech rates, hypoarticulation) that scaffold the development of phonological processing skills with some aspects of CDS (e.g., positive affect, exaggerated facial expressions) that draw and maintain infants' and children's attention to the speech signal and conversational exchange.

Previous work on input in language development has been somewhat biased to certain outcome measures (vocabulary tests) and input measures (quantity and semantic quality of lexical items) because these are relatively straightforward measures to collect and compute. But a complete model of the role of input in development, one that predicts individual variability in speech production outcomes as well as more traditional measures such as vocabulary size or speech perception, clearly needs to incorporate a diverse set of acoustic and lexical parameters of the input, as this study has demonstrated.




5.3. Future Work

This work assessed children's input at 7, 10–11, 18, and 24 months and found time-varying CDS patterns with different effects on children's speech-language outcomes. Going forward, it will be important to sample input at additional, more regular time periods, particularly between 10–11 and 18 months. We cannot say, for example, if these age-related changes in CDS are linear or undergo additional changes at periods that were not observed.

Additionally, although our in-lab CDS samples allowed us to collect the high-quality audio required for the acoustic analysis, these play sessions likely do not entirely reflect typical caregiver-child interactions in the home. They are also of limited length (15–20 min). Some measures may be more biased than others by this sampling method. For example, while we believe that a 15–20 min interaction in the lab may reflect the diversity of word types typical of the caregiver's speech, this sampling strategy may not reflect word token count (and thus measures based on word token counts such as TTR and MATTR). Lexical, and especially phonetic, transcription is a lengthy, painstaking process, but going forward we should strive to collect high-quality acoustic samples of maximally-naturalistic CDS in the home to corroborate the results that we derived from the semi-naturalistic caregiver-child interactions in this paper.




6. CONCLUSIONS

The characteristics of child-directed speech (CDS) change over the first years of a child's life. Understanding how these changes unfold, and the consequences they have for children's speech-language development, is a key part of understanding the role of input for language development. We measured lexical, phonological, and acoustic properties of CDS at 7, 10–11, 18, and 24 months and found that the most significant changes in CDS occur in the second year of life. However, the developmental trend of CDS does not always progress to a more adult-directed speech register as children age. Rather, caregivers use a greater number and diversity of words at 24 months, increasing their use of low-frequency words, from sparser phonological neighborhoods, and driving hyperarticulation in their speech. Consequently, another source of hyperarticulation in CDS, beyond caregivers' implicit attempts to highlight phonological contrasts, may be lexical statistics.

We additionally measured how these properties of CDS predicted children's phonological processing and vocabulary at 24 months. Children's phonological processing benefited most from hypoarticulation at 10 months, and longer, more diverse word types at 18 months, while vocabulary benefited from hyperarticulation and lexical diversity. Thus, novel measures of CDS, beyond lexical quantity and quality, demonstrated how language input could drive phonological development. Taken together, these results demonstrate how different characteristics of CDS vary by children's age, and how those characteristics promote speech-language development at distinct developmental stages.
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FOOTNOTES

1Previous reports of greater dispersion in words from dense neighborhoods were generally due to confounds with lexical frequency which Gahl et al. (2012) were able to statistically control.

2Dense neighborhoods inhibit adults' lexical access and recognition as well (Luce and Pisoni, 1998; Vitevitch and Luce, 1998), but this is less relevant for the study at hand.

3We report on the relationship between NWR and concurrent vocabulary (24 months) measure because only approximately half of the children completed measures at 18 months.

4For the 10–11 month timepoint models, we modeled the children's vocabulary at 11 months, even though we had samples at 10 months as well, because 2 children were reported to not recognize any words at 10 months.

5There was no effect of normalized Vowel Space Size on vocabulary outcomes, leading us to hypothesize that previous reports on the developmental benefits of expanded vowel spaces could be attributable to an expanded f0 range, something that is controlled for in normalized vowel data.

6A faster speaking rate doesn't have to imply reduced speech intelligibility: with training, talkers can produce a clear speech register at a conversational speaking rate (Krause and Braida, 2004).
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Child-directed speech (CDS), which can help children learn new words, has been rigorously studied among infants and parents in home settings. Yet, far less is known about the CDS that teachers use in classrooms with toddlers and children’s responses, an important question because many toddlers, particularly in high-need communities, attend group-care settings. This exploratory study examines the linguistic environment during teacher-led book readings in American Early Head Start classrooms serving 2-year-olds from households in poverty. Seven teachers in four classrooms were trained to emphasize target words while reading story and informational books. We first analyzed the nature and quality of their book readings from a macro-level, exploring global instructional quality [Classroom Assessment Scoring System (CLASS)] and linguistic complexity [i.e., diversity of vocabulary (D) and sophistication of syntax (MLU-w)], and we also examined micro-level teacher-child talk strategies and use of target words. Compared to prior research, these classrooms had similar global quality and syntactic complexity, although less lexical diversity. Exploratory results also revealed three distinct teacher talk patterns—teachers who emphasized (1) comments, (2) questions, and (3) a balance of the two. Question-focused teachers had more adult and child talk during reading, as well as more repetitions of target words, and stronger CLASS Engaged Support for Learning. However, comment-focused teachers used more diverse vocabulary and had stronger CLASS Emotional and Behavioral Support. Results illuminate the nature and quality of CDS in toddler classrooms, particularly in the context of an intervention emphasizing target vocabulary words, and highlight applications for professional development and questions for further research.
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VOCABULARY DEVELOPMENT

One of the most important milestones of the first years of life is learning language, beginning with vocabulary (Samuelsson, 2021). Knowing more words in early childhood facilitates further vocabulary and language development, a virtuous cycle (Peter et al., 2020; Avila-Varela et al., 2021). Children with more vocabulary knowledge have, both immediately and over time, greater success in reading and other content areas (Dickinson et al., 2010; Cristofaro and Tamis-LeMonda, 2012; Morgan et al., 2015), better-adjusted social interactions, and more self-regulation and executive functioning (Winsler, 2009; Manning et al., 2019; Rantalainen et al., 2021). Unfortunately, growing up in poverty is, as early as 18 months of age, associated with less knowledge of vocabulary and slower language processing (Fernald et al., 2013; Suggate et al., 2018), making a focus on these children’s early experiences a priority.



CHILD-DIRECTED SPEECH

Beyond considerable individual differences in how and how quickly children learn words (Fernald et al., 2006; Donnelly and Kidd, 2020), the language input children receive from those around them plays a key role in their language learning (Abend et al., 2017; Golinkoff et al., 2019; Fitch et al., 2020). When communicating with very young children, adults often systematically alter how they talk, using specialized, child-directed speech (CDS) that draws children’s attention and highlights the sounds in words, supporting vocabulary and other language outcomes (Bryant and Barrett, 2007; Zauche et al., 2016). Most often studied among pre-verbal infants, CDS is characterized by unusual auditory features such as high pitch, slow pace, exaggerated prosody, and distinct timbre; as well as sparse word volume and frequent repetition of words, focus on concrete ideas, and simple syntactic structure (Rowe, 2008, 2012; Huttenlocher et al., 2010; Longobardi et al., 2016; Quick et al., 2019; Genovese et al., 2020; Rowe and Snow, 2020). Adults’ CDS changes as children progress into toddlerhood (e.g., 1–2 years of age) and begin to talk and respond on their own (Durán et al., 2004; Hoff, 2014) using one-, two-, or three-word phrases (i.e., telegraphic speech) (Rice et al., 2010) undergirded by basic syntax and grammar (Hoff et al., 2018; Cadime et al., 2019). Adults’ CDS to toddlers employs more standard prosody and longer utterances, with more numerous and complex words and grammatical structures, as well as increased back-and forth through extended adult-child conversations fostered by questions (Rowe, 2012; Longobardi et al., 2016).

However, despite all we know about CDS, most research targets parents and families, with far less work examining interactions between teachers and young children, especially toddlers. In many American communities, particularly those in poverty, approx. 60% of toddlers attend care settings, with 12% in center-based classrooms and 30% in home-based group care (Paschall, 2019). Unfortunately, the quality of teachers’ CDS many be low (LaParo et al., 2009), demanding further research and professional development (PD).



CHILD-DIRECTED SPEECH IN EARLY CHILDHOOD CLASSROOMS

To date, the literature on CDS in toddler classrooms is a patchwork, with a variety of different ways of defining, measuring, and aggregating components of teacher CDS and a mix of observational and PD intervention studies. A critical review of this literature reveals three relatively distinct approaches to conceptualizing/measuring CDS: global conceptual quality, linguistic complexity, and specific teacher (and, occasionally, child) talk strategies. Below, we review key findings from each approach, focusing on toddlers but, because of the small literature, including data from preschool when relevant and necessary.


Global Quality

Global quality measures assign one score to an entire instructional activity block or day. CDS lies at the heart of global quality scores, but other features of teaching (e.g., materials) and child activities factor in as well. Building on the classic tools such as the Early Childhood Environment Rating Scale (ECERS) and the Early Language and Literacy Classroom Observation (ELLCO), considerable recent research has supported the reliability and validity of the Classroom Assessment Scoring System (CLASS), which can be used in classrooms from infancy through high school (Hamre et al., 2012, 2013). The CLASS-Toddler includes two domains, each with several dimensions: Emotional and Behavioral Support (Positive Climate, Negative Climate, Teacher Sensitivity, Regard for Child Perspectives, Behavior Guidance) and Engaged Support for Learning (Facilitation of Learning and Development, Quality of Feedback, and Language Modeling). At present, we are beginning to understand global quality in toddler settings. National samples in United States toddler classrooms suggest that CDS related to Emotional support is typically high (M = 5.30, SD = 0.07, on a scale from 1 to 7) while Engaged Support for Learning is modest (M = 3.60, SD = 0.15) (Bandel et al., 2014). Because CLASS-T scores have been predictive of child vocabulary and language outcomes in prior work (e.g., Aikens et al., 2015), we include CLASS-T in this study.



Linguistic Complexity

Other approaches have focused on the overall linguistic complexity of teachers’ CDS in an instructional activity block or day.


Lexical Diversity

Lexical diversity, or the percentage of unique (rather than repeated) words used, has typically been measured using a type-token ratio (i.e., the number of distinct, different words and their inflections and derivations relative to the number of total words). Because CDS features simplified word choice, expanding as children age, studies have generally found values around 0.17 in toddlers’ households (Hoff, 2003; Rowe, 2012), meaning that only 17% of the words children hear are words they heard only once during the language sample; most words were repeated multiple times. Interestingly, Girolametto et al. (2003) explored toddler and preschool classroom CDS and found a ratio of 0.44 during book reading, far higher than home settings. More recent work, however (Montag et al., 2018), has found that type-token ratio should be adjusted to account for the length of the language sample, resulting in widespread adoption of a novel measure of lexical diversity referred to as D. The construct of D has been used in preschool research; for example, Dickinson et al. (2014) found that teacher CDS in Head Start book readings averaged 74.41, aligned with a type/token ratio of 0.58. It is helpful to note that average D for children’s talk at age 2 is 27.44 and the average at age 3 is 47.83 (Durán et al., 2004). To our knowledge, D for teachers’ CDS has not been widely gauged in toddler classroom settings, which we explore in the current study.



Structural Complexity

Another feature of CDS is simple language construction, such as “That’s a dog!” (for infants) to “That’s a big, furry dog, and it’s running down the street” (for toddlers). Complexity can be measured with mean length of utterance (MLU-w), or number of words per statement. In preschool book readings, Dickinson et al. (2014) found an average MLU-w of 8.39, indicating that teachers generally used about 8 words per remark. Less research is available on toddler classrooms, but Girolametto et al. (2003) reported teacher MLU-m (a slightly more liberal measure than MLU-w) around 5.03 during book reading. It is helpful to note that toddlers’ average MLU-w is 2.90 (Girolametto and Weitzman, 2002). The current study consequently explores teachers’ MLU-w.

More specific still, Justice et al. (2013) examined more nuanced features of the syntax of CDS, adapting Huttenlocher et al. (2010)’s approach to capture constructions that boost MLU-w, including simpler strategies (e.g., verb phrases, prepositional phrases, adjectives/adverbs) and more complex strategies (subordinate clauses, modifying verbal phrases, advanced phrases, compound sentences). They found that, among preschoolers, these constructions are generally used infrequently, but to our knowledge, this study is the first to code toddler teachers’ CDS In this way.




Specific Talk Strategies

A third, highly nuanced approach to understanding CDS is a micro-level examination of teachers’ specific words, including the teachers’ language modeling (including their conceptual complexity and their use of specific vocabulary words), inviting child talk (including questions that promote conversational turns), and feedback. Relatedly, a few studies have explored child talk, both in response to and independent of teacher talk.



Teacher Language Modeling

Abundant evidence suggests that an important aspect of teachers’ CDS is modeling language through their remarks, which has been understood from two primary perspectives. First, as laid out in Dickinson and Tabors (2001), the conceptual complexity of teachers’ talk matters, specifically whether it is contextualized (i.e., in reference to information that is immediately apparent, such as on the page of a book, including labeling or describing an illustration) or decontextualized (i.e., in reference to abstract information, such as a synthesis or prediction). Both teacher and/or parent contextualized and decontextualized talk in book reading and other conversational settings supports children’s vocabulary outcomes (Pancsofar and Vernon-Feagans, 2006; Rowe, 2012), but decontextualized talk may be particularly supportive of learning for children with stronger language skills (Pellegrini et al., 1990; Reese, 1995; Currenton et al., 2008; Hindman et al., 2008). Book reading studies in preschool have shown that more complex books offer exposure to more complex language via the text and engender more decontextualized talk (Dickinson et al., 2014; Muhinyi et al., 2020).

Another aspect of teacher CDS is teachers’ use of specific vocabulary words. The language development literature indicates that frequent exposure to language aids in learning it (Ambrose et al., 2015), and one extension is that multiple repetitions of the same vocabulary words, ideally with rich interactions around them, can support children in learning them (Harris et al., 2011; Beck et al., 2013). Adult talk about and repetition of specific target words learn can build child knowledge of those words (Kaiser and Trent, 2007; McLeod et al., 2017), and at least one study with preschoolers (Wasik and Hindman, 2020) suggests that children’s standardized receptive and expressive vocabulary skills increase when teachers use target words more frequently. Interestingly, toddler teachers may tend to repeat target words more often than preschool teachers, perhaps to match children’s emerging language skills (Girolametto and Weitzman, 2002; Girolametto et al., 2003). This target word focus may have powerful results—one Early Head Start study (Romano and Woods, 2018) trained three teachers in several types of strategies including modeling target phrases (see Roberts et al., 2014), which was ultimately linked to gains in children’s talk, including target words. In this study, we track teacher language modeling (complexity) and frequency of target word use.


Teacher Questions/Back-and-Forth

Beyond what teachers say lies the degree to which teachers invite child talk and foster extended exchanges. Teacher questions often start conversations (Rowe et al., 2017; Gilkerson et al., 2018). Questions can be of many formats (Wasik and Hindman, 2013), including open (involving no single correct answer and likely requiring multiple word response) or closed (single correct answer), with the latter including label questions (What’s this called?) or yes/no questions (Is this a dog?). There is extensive evidence from preschool that questions in the classroom are a powerful tool for eliciting child language and fostering conversation (Whitehurst, 2004). Open-ended questions may be relatively rare, representing approx. 5% of preschool teachers’ prompts (e.g., Siraj-Blatchford and Manni, 2008), but closed questions can help to check understanding (Wasik and Hindman, 2013).

Among toddlers, however, there is little research, but some evidence suggests that patterns of teacher questions are similar. For example, Davis et al. (2015) examined six classrooms serving children ages birth to two and determined that teachers predominately asked the same kinds of questions seen in preschools—closed yes/no questions and closed label questions, with relatively few open-ended questions. Interestingly, O’Brien and Bi (1995) found that toddlers often did not respond to teacher questions, perhaps because their language skills were not yet strong enough. Similarly, Kidd and Rowland (2021) found that, with 2-year-olds as well as 3-year-olds, when presented with conversational opportunities, children contributed just about one-third (37%) of the turns. They hypothesized that more teacher-dominated conversations (such as emphasizing closed questions) with younger children may be supportive of language. In the current study, we track teachers’ questions (open/closed).



Teacher Responsiveness/Feedback

Beyond modeling language and then inviting child talk, research has increasingly focused on a third component of teacher-child exchanges—unpacking how and how much (e.g., conversational turns) teachers respond to child talk. Much research has examined the value of teachers’ extending children’s language (for example, responding to “Dog!” with “That is a dog!”) and/or elaborating on children’s ideas (for example, responding to “Dog!” with “That dog is brown and furry”), both of which are linked to important gains in a variety of children’s language skills (Cabell et al., 2015). Relatively less research (Cabell et al., 2015; Casla et al., 2021) has targeted other contingent teacher remarks; for example, Kidd and Rowland (2021) also highlighted ignoring, copying/repeating, rephrasing, and interpreting, finding some likely benefits of these talk strategies as well. To our knowledge, teachers’ feedback to children has not been widely studied in toddler classrooms, and we examine this question in the current study, including this variety of feedback strategies.



Child Talk

Even though CDS changes as children begin to talk (Rowe and Snow, 2020), it has often been conceptualized as something of a one-way street, with the content and meaning of the exchange exclusively driven by the adult and with less attention to child talk (Golinkoff et al., 2015). Justice et al. (2018) established, at least implicitly, the critical importance of child talk in their discovery that the most important driver of child language in preschool classrooms was teacher invitations for child talk. In one relevant study that included child talk, Wasik and Hindman (2011) offered PD to 19 Head Start teachers and, during teacher-led book readings, coded both children’s responses to teachers’ questions (distinguishing between single- and multiple-word responses) and children’s spontaneous talk. Findings showed that children’s vocabulary growth was uniquely linked to more child talk during book reading. A subsequent study (Champagne, 2019) investigated the accuracy of preschoolers’ responses and teachers’ feedback on errors, finding that teachers tended to call on children whom they presumed would have the correct answer, and that incorrect responses were rare. We build on this work to explore toddlers’ responses and spontaneous talk, including accuracy, with a particular focus on discussion of target words.





INTERRELATIONS AND PATTERNS

Thus, across the literature, teacher CDS has been explored from a collection of macro- and micro-level perspectives. But to date, just two studies have explored these aspects of CDS (and child language) simultaneously; examining how they co-occur and whether there may be “styles” or “registers” has key implications for PD. First, Justice et al. (2018) examined how three ways of capturing CDS—global quality, linguistic complexity, and several kinds of talk strategies (encouraging child language)—uniquely predicted vocabulary in 49 preschool classrooms when considered together. Results showed that overall, these different facets of CDS were uncorrelated with one another, but that only teacher talk strategies (specifically, encouraging child talk) predicted vocabulary learning. Second, Dickinson et al. (2014) examined linguistic complexity and several kinds of talk strategies (modeling language, discussing literacy, social studies, etc.). As in Justice et al. (2018), these different facets of CDS were relatively independent of one another. However, book reading specifically offered evidence of an academic language register or style, wherein more vocabulary focus, greater lexical diversity, and greater structural complexity clustered together. The current study is, to our knowledge, the first to explore the correlations and patterns among the multiple facets of CDS in toddler classrooms, including a wide array of teacher and child talk strategies, to understand their overlap and independence.



CURRENT STUDY

In sum, teacher CDS has been examined through varied lenses, including global instructional quality, linguistic complexity, and specific talk strategies, but there is great variability in methods and results across studies, and very little work targeting high-need toddler contexts. Because the toddler period is essential for language and vocabulary growth, and because high-quality teacher CDS can foster this growth, we developed and piloted a PD intervention for Early Head Start teachers. Head Start on Vocabulary (HSoV) is built on an effective preschool teacher PD model (Wasik et al., 2006; Wasik and Hindman, 2011, 2020) involving training teachers in language modeling, questioning, and feedback, all focused on target words, during book reading. In this study, we explored how toddler teachers used CDS during book reading after HSoV training and supports, as well as how children used language, particularly target words.


Research Questions

We explored several research questions in a small sample of 7 teachers that enabled close examination of classroom CDS:

First, what is the global quality of HSoV teachers’ classroom instruction and CDS? We used a gold-standard measure, the Classroom Assessment Scoring System—Toddler tool.

Second, what is the linguistic complexity, including lexical diversity and structural complexity, of teachers’ CDS during book reading? We used the well-established CHILDES and CHAT language coding approach.

Third, what is the nature of teachers’ and children’s talk strategies during book reading? We considered several elements of the adult-child exchange: teachers’ language modeling, children’s responses, and teachers’ responses to children. We also explored the nature of child-initiated talk during book reading, and teachers’ responses. We examined both central trends and individual differences or patterns across teachers.

Fourth, how frequently are target words mentioned in the text, by teachers, and by children during book reading? We employed simple frequency counts.

Finally, to what extent are these three lenses on CDS correlated or unique from one another? We employed Pearson zero-order correlations.

Together, these questions explore teachers’ CDS and child talk around vocabulary in high-need toddler settings, in the context of the target-word-focused HSoV intervention.




MATERIALS AND METHODS


Procedure

In fall 2019, we partnered with a local Early Head Start provider in a major urban city in the American northeast to develop Head Start on Vocabulary (HSoV). Program administrators identified a total of four toddler (ages 2–3 year) classrooms from two centers. Each classroom was team-taught by two co-teachers, and all eight consented to participate.


Head Start on Vocabulary

To our knowledge, there are no widely available interventions to support toddler teachers’ CDS with rigorous evidence of effectiveness. In preschool, however, several effective interventions have improved the quality of preschool teachers’ talk to children, resulting in gains in preschoolers’ knowledge of taught words as well in standardized vocabulary scores (Landry et al., 2011; Weiland and Yoshikawa, 2013), including our own model which we have developed and tested over 20 years (Wasik and Bond, 2001; Wasik et al., 2006; Wasik and Hindman, 2011, 2020). In this project, we adapted our preschool program to address center-based toddler teachers’ classroom CDS, developing HSoV for Early Head Start.

Like our preschool model, HSoV supported toddler teachers over a full academic year, including several distinct components that, taken together, offer a relatively “light touch.” First, we offered group workshops. Beginning in fall, teachers attended 90-min monthly group workshops for 4 months. Workshops addressed (1) Talking to children using descriptive language, especially regarding new vocabulary; (2) Asking children questions, particularly about new vocabulary; (3) Assisting children in answering questions, if needed; and (4) Providing feedback on what children have said, emphasizing new vocabulary. Each began with an interactive lecture by project staff, presenting the rationale for and explanation of the target strategy and inviting teachers to share their experiences and concerns. We also demonstrated the strategies and shared short (1–3 min) videos of teachers in urban centers using the strategies with fidelity. Finally, we explained the classroom materials teachers would receive (see below) and gave teaching teams time to plan with support from project staff, so they could prepare to use the strategies on their own.

To support the use of the four strategies through book readings and play-based extension activities, we provided one trade book per week, to be read at daily to each child, either in groups or one-on-one. From each book, we selected three words that likely to be unfamiliar to children (Beck et al., 2013). For example, for the book Little Blue Truck Leads the Way (Schertle and McElmurry, 2015), we selected the words truck, road, and traffic jam. We then created extension activities for four different classroom areas (e.g., housekeeping, construction) to reinforce the words (e.g., teachers might read and then visit the construction area to act out a traffic jam together). Finally, we provided an 8.5″× 11″ full-color picture card of each target word, with a child-friendly definition on the back, for the teacher share with children daily.

After each workshop, teachers received coaching every other week, including a direct 30-min observation in their classroom by a master teacher and who videotaped the teacher engaging in various activities, including book reading. The coach then watched the videos, took notes, and offered feedback in 45-min one-on-one on-site conferences.

Observations continued until March 2020, at which point the classrooms closed because of COVID-19. This study makes use of the videos collected by the coach in late fall 2019-winter 2020, after teachers had been through the training and were using the strategies in their classrooms. All study procedures were conducted with the approval of our university’s IRB.




Participants

A total of seven teachers participated in the project, as the 8th left the classroom before video collection began, and we did not record the substitutes who temporarily replaced her. All teachers were women of African-American backgrounds. All were native speakers of English. All held a minimum of a high school degree, while two were working toward an associate’s degree and two others held an associate’s degree. Although this study focuses on teachers, each classroom served 8 children (teacher: child ratio of 1:4), all between 24 and 36 months of age. The sample was evenly divided by gender. All children were of backgrounds that are minoritized in the U.S., with African American (60%), Hispanic-Latino (30%), and/or Asian (10%) heritage. Approximately 50% of children spoke a home language other than English (primarily Spanish).



Measures

Table 1 summarizes measures and key variables in the current study.


TABLE 1. Variables in the current study.

[image: Table 1]

Teacher Background

A background survey collected contact data and demographic information (e.g., education, ethnicity). The paper-pencil survey required about 5 min.



Overall Classroom Quality

We used the Classroom Assessment Scoring System—Toddler (CLASS-T) version (La Paro et al., 2011), targeting two domains, each with several sub-domains: Engaged Support for Learning (i.e., Facilitation of learning and development, Quality of feedback, and Language modeling), as well as Emotional and Behavioral Support (i.e., Positive climate, Negative climate, Teacher sensitivity, Regard for child perspectives, and Behavior guidance). Widely used and considered a gold-standard tool, the CLASS-T has strong psychometric properties, including construct validity and inter-rater reliability (Hamre et al., 2012). A trained rater watched videos and then scored the classroom instruction on a variety of items (all rated 1-very low quality to 7-very high quality), yielding an average for each domain and sub-domain. Because the CLASS is most reliable when more minutes of instruction are coded, we coded all parts of every teacher’s video. On average, videos (including but not limited to the book reading segment) coded with CLASS-T were 10.47 min long (SD = 2.96, range = 4.93–13.58).



Linguistic Complexity of Teachers’ Child-Directed Speech

Videos of book readings were transcribed for analysis in the Codes for Human Analysis of Transcripts (CHAT) from the Child Language Data Exchange System (CHILDES), with analyses of syntactic complexity (MLU-w) and lexical diversity (D) of teacher talk conducted using Child Language Analysis (CLAN) program (MacWhinney, 2000). Transcriptions began as soon as the teacher indicated the activity was starting (e.g., “Are all my friends ready to look at our new book?”) and ended when the teacher announced the conclusion (e.g., “Okay, you all did a good job today”). The average length of the book reading portion of the videos was 6.00 min (SD = 3.07, range = 2.42–13.38).



Transcription

Teachers’ speech was parsed into C-units (Loban, 1976), utterances defined as containing one main clause and any modifying phrases and subordinating clauses. Thus, the following example – “The boy is jiggling his ears/and he’s shaking his leg” – would be parsed into two separate C-units. We did not code the syntax of teachers’ reading of actual text from the book, as the purpose was to analyze the complexity of teachers’ CDS. All transcripts were checked twice, in addition to using automated check features within the CLAN program before analysis. An example is provided in Supplementary Appendix.



Lexical Diversity

Teachers’ quantity of input was calculated using the FREQ command. CLAN derived the total amount of words and word types within the transcripts of teachers’ lessons. We used D as our measure of lexical diversity (McKee et al., 2000), because unlike type-token ratios, D accounts for differences in length of language samples, allowing for comparisons across transcripts, and thus more accurately measuring lexical diversity. The VOCD command in CLAN calculated D for teachers.



Structural Complexity

We used MLU-w as a proxy for complexity of speech, in that longer word utterances often include words, phrases, and clauses that modify meaning of the main clause (Hoff, 2003). As with lexical diversity, CLAN derived the MLU-w of teachers using the MLU command. We further coded teachers’ use of complex language structures in their CDS using a scheme from Justice et al. (2013). We captured relatively simpler strategies (e.g., verb phrases, prepositional phrases, adjectives/adverbs) and more complex strategies (subordinate clauses, modifying verbal phrases, advanced phrases, compound sentences). We calculated the frequency of each kind of structure, as well as the proportion of teachers’ total utterances that included one or more of these structures.



Talk Strategies in Child-Directed Speech

We coded every teacher utterance during the book readings to understand how teachers were using specific conversational strategies in their CDS. Our coding scheme followed previous work in the field (e.g., van Kleeck et al., 2003; Hindman et al., 2008; Wasik and Hindman, 2020) but included new codes as needed. We distinguished among (A) Teacher-initiated talk, (B) Child responses to teacher-initiated talk, (C) Child-initiated talk, and (D) Teacher responses to children. We also coded each sentence that teachers read from the book as (E) Reading Text to track the number of sentences per book. We coded directly from video, without transcription. We coded every video twice to ensure accuracy. An example is provided in Supplementary Appendix.


Defining Utterances

As with the syntax coding, we began coding when teachers announced the start of the activity and ended when teachers moved on to a different activity. Also aligned with the syntax coding, we generally defined an utterance as an independent clause, or a remark that included, at a minimum, a subject and verb. Therefore, a sentence such as, “What’s he doing right here?” would be one utterance, whereas “He’s dancing and his friend is laughing” would be two utterances. However, children generally did not speak in complete sentences, so stand-alone remarks such as “Red!” (meaning, “That thing is red”) were also coded as utterances. Finally, we used the same logic in coding brief, stand-alone teacher responses to child remarks, allowing one-word responses such as “Right!” to be coded.



Teacher-Initiated Talk

We coded every teacher-initiated remark, focusing on content and format. Regarding content, we coded remarks as either contextualized (related to information apparent on the page of the book) or decontextualized (involving abstraction or inference) (Dickinson and Tabors, 2001). For example, questions about illustrations (e.g., “What color is her shirt?”) were contextualized, but references to real-life experiences, summaries, or predictions (e.g., “What do you think Max will do next?”) were decontextualized.

Regarding format, we coded every teacher-initiated remark as a comment, an open prompt, or a closed prompt. Comments were statements that did not request a child response (e.g., “There’s the cat”). Types of comments included labeling/describing, defining a word, or providing other information. Open prompts were those in which more than one correct answer was possible (e.g., “What do you see on this page?”). Closed prompts were those in which the correct answer was limited to one option. We coded for several types of closed questions, including (a) label-related (e.g., “What color is this cat?”), (b) choice questions (e.g., “Is this a boat or a car?”), (c) yes/no questions (e.g., “Is she sitting down in this picture?”), (d) point or gesture questions (e.g., “Point to the car”), and (e) requests to repeat (e.g., “Say ‘car”’). Notably, prompts included remarks that were technically statements but that functioned as questions (e.g., “Tell me what you see here”).



Child Responses to Teacher-Initiated Talk

We tracked how children responded to each teacher open and closed prompt. We found that content and format of child responses were determined by the initial teacher remark, so within each category of prompt [open, closed (label, choice, yes/no, gesture, repeat)], we focused on whether the child response was correct, incorrect, or no response. We considered both verbal responses and gestures, noting the latter.

We did not track the identities of individual children, and we did not distinguish between responses provided by one child vs. those provided simultaneously by several children (given the quality of our audio and the varied group size within and across videos). Accordingly, when a teacher posed a question to the group and only one child responded (a frequent pattern), we coded only the speaking child’s response (correct/incorrect) and excluded the other children’s non-response. In addition, we observed one a situation where two children offered a response at the same time, one of which was correct while the other was incorrect. In this case, we marked the response as correct (and the teacher responded to the correct response). Overall, then, our coding scheme privileged correct child responses, and estimates of child talk can be viewed as describing the top end of the possible frequency and accuracy distribution.



Child-Initiated Talk

We coded spontaneous child remarks without any prompt from the teacher. In the absence of extensive prior research, we adapted our child response codes. We coded for spontaneously repeating what a teacher just said; labeling a target word (“Boat!”); labeling something that was not a target word (“Dog!” as the child notices a dog in a picture); offering a description of a picture, often related to color or (“Red!” when looking at a picture of Elmo or “Ribbit!” when looking at a picture of a frog); and offering a question about a picture (“What he doing?”). We intended to code both child responses and spontaneous remarks as contextualized or decontextualized, but all child-initiated remarks were contextualized.



Teacher Responses to Child Talk

Finally, we coded teachers’ responses to children’s talk, based on prior approaches. Codes included repeating the child verbatim (“Boat!”), repeating the child and adding words (“That’s a boat!”), adding a new idea (“A boat can sails on the water”) and praising the child (“Great job!”). We also included, for teacher responses to child incorrect remarks, asking a rhetorical question (“You sure that’s a car?”), re-asking the same question, and rephrasing/reframing a question as choice or yes/no. Finally, We coded for giving a hint (“Like a car, but it drives on special tracks….”) and for giving the correct answer.




Target Word Frequency

In a final round of coding, we tallied the number of times that target words—vocabulary related to the text and/or theme—were used. We separately counted for target words (1) in the text itself, as well as (2) in teacher talk, and (3) in child or children’s talk. We counted each instance of use of a target word, even when repetitive; for example, if a teacher said, “That’s a tire—there’s the tire,” we counted both mentions of the target word tire. In addition, we counted an individual child using the target word or all children simultaneously using the target word as one instance. Ultimately, we had three values for each classroom—total mentions of target words in the text, teacher talk, and child talks.





RESULTS


Question 1: Global Quality of Classroom Interactions

Complete results are presented in Table 2. On average, teachers in this sample demonstrated levels of CLASS-T Emotional and Behavioral Support in the moderate/high range (M = 5.00, SD = 0.90, range = 3.4–6.4). Within this first domain, the highest average dimension score was on (Recoded) Negative Climate (M = 6.88, SD = 0.33, range = 6.0–7.0), indicating very little harshness or negativity. The lowest average score was on Behavior Guidance (M = 3.70, SD = 1.40, range = 1.0–6.0), indicating that more effective guidance could be provided in many classrooms.


TABLE 2. Descriptive statistics for overall classroom quality (CLASS-T).
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On average, the domain of Engaged Support for Learning in these classrooms also fell into the moderate range (M = 3.81, SD = 1.43, range = 1.3–6.0). The dimension with the highest value was Facilitation of Learning and Development (M = 4.24, SD = 1.46, range = 2.0–6.5), and the lowest was on Quality of Feedback (M = 3.18, SD = 1.59, range = 1.0–6.0). We examined Pearson zero-order correlations to explore the degree to which the dimensions and domains were correlated; domains were moderately to highly correlated with one another (r = 0.60, p = 0.10), and dimensions were generally correlated with the domain to which they pertain.



Question 2: Linguistic Complexity of Teachers’ Language

See Table 3 for complete results. Teachers read an array of different books, including The Bus for Us (Bloom, 2001), Baby Loves Winter (Katz, 2013), Froggy Gets Dressed (London and Remkiewicz, 1994), Time for a Bath (Gershator and Walker, 2014), Ready Set Brush (Rudko, 2008), and Shake a Leg! (Allen and Swanson, 2010). All books were provided by the Head Start on Vocabulary intervention and were similar in length and complexity. On average, teachers used 75.86 total utterances (SD = 26.17, range = 44–106) with children during their book readings, comprised of an average of 547.14 words (SD = 229.26). However, the range was wide, with the teacher at the lowest end of the distribution using as few as 317 words while the teacher at the highest end used 944 words, approx. 300% as many words.


TABLE 3. Descriptive statistics of linguistic complexity of teachers’ talk during book reading.
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Lexical Diversity

Children heard an average of 105.14 (SD = 11.61, range = 87–119) different word types; framed another way, teachers used many of the same words over and over again). Type/token ratio was, on average, 0.22 (SD = 0.07, range = 0.12–0.32). Teachers’ lexical diversity (D) mean scores, which account for the number of words in the sample (McKee et al., 2000), averaged 32.06 (SD = 7.35, range = 19.62–39.50).



Structural Complexity

Regarding MLU-w, each utterance, on average, contained 6.14 words (SD = 0.73, range = 5.11–7.06). It is helpful to note that children’s utterances at age 2 generally involve 1–3 words, meaning that teachers’ language was more complex than children’s, with twice as many words per utterance, on average. Pearson correlations showed that teachers’ lexical diversity (D) was not related to syntactic complexity (MLU-w), (r = 0.05, p = 0.908).

Results of additional syntax coding (see Justice et al., 2013) revealed that teachers extended the length of their utterances with simpler constructions. Teachers used verb phrases (e.g., He will go home) in 36% of utterances, prepositional phrases l that specify and describe a noun or event (e.g., “The snow is falling from the sky”) in 21% of utterances, and phrases with and adjectives or adverbs (e.g., “The truck picks up the stinky trash) in 15% of utterances. They also used more complex syntactic structures, including embedded or subordinating clauses (e.g., “Can we pay the driver so that we can ride our taxi?”) in 15% of utterances, verbal phrases (e.g., “Do you see how happy Froggy is playing outside with snow coming down?”) in 6% of remarks, and compound structures (e.g., “Froggy wants to go play, but he has no socks!”) in 5% of utterances, and advanced phrases (e.g., “The children build the base, the bottom, of the snowman”) in 1% of remarks. It is helpful to note that 2–3 year old children’s language rarely includes either these more or less complex syntactic augmentations (Vasilyeva et al., 2008), making teachers’ syntax more complex than children’s.




Question 3: Teacher and Child Talk Strategies

Below, we present results in order of their role in the teacher-child exchange: (1) Teacher-initiated talk, (2) Child responses to teacher talk, and (3) Teacher responses to child responses. We also include (4) Child-initiated talk not in response to a teacher remark, and (5) Teacher responses to child-initiated talk. Results are presented in Table 4.


TABLE 4. Descriptive statistics of talk moves.
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Teacher-Initiated Talk

Teachers initiated 48.86 total book-related utterances during their book readings (SD = 12.40, range = 32–67). Of these, comments predominated (M = 21.71, SD = 11.76, range = 8–46), representing on average 45% of total teacher talk (but the proportion ranged from 15 to 69% across teachers). Closed prompts were less frequent (M = 15.28, SD = 11.02, range = 4–34, accounting for 31% of teacher-initiated talk). Open-ended prompts were rare (M = 1.00, SD = 1.53, range = 0–4, 2%). Attention- and management-related remarks not directly related to the book itself accounted for 9.57 remarks (SD = 5.62, range = 4–18), or 19% of overall talk (range from 10 to 30%). Praise was offered on average once per reading (M = 1.14, SD = 1.46, range = 0–4), representing 3% of teacher talk (range = 0–8%).


Teacher Comments

The vast majority of teacher comments (about 20 per reading) were contextualized, primarily labeling/describing pictures (M = 19.14, SD = 10.51, range = 5–40). Decontextualized remarks occurred just twice per reading, on average (M = 2.43, SD = 1.90, range = 0–5). There were no instances of teachers defining words. There were no correlations among types of comments; teachers who used one type did not necessarily use other types.



Teacher Closed Prompts

The vast majority of closed prompts targeted contextualized information, with yes/no questions related to labeling (e.g., “Is this a cat?) used most frequently (M = 5.71, SD = 6.63, range = 0–17). Asking children to provide a label (e.g., “What’s this?”) was also relatively common (M = 3.57, SD = 4.12, range = 0–11), as was choosing between two labels (M = 1.86, SD = 4.48, range = 0–12) and repeating a label (M = 2.43, 3.15, range = 0–9). Many additional strategies were used by only one teacher; for example, the teacher in video #4 used a single decontextualized closed question (“Where do boats drive?”), the teacher in video #16 asked children point to pictures of a target word on seven occasions, and the teacher in video #15 asked children to act out target words five times. Only one correlation among closed prompts was observed: there was a high correlation (r = 0.82, p = 0.02) between asking for labels and asking choice questions.



Teacher Open-Ended Prompts

Open-ended prompts were used less than once/reading, on average (M = 0.57, SD = 1.51, range = 0–40 and M = 0.43, SD = 0.79, range = 0–2, respectively). Only one teacher (video #6) used a contextualized open question (e.g., “What do you see on the cover of the book?”) but did so four times. Two teachers used decontextualized open questions (e.g., “What do you think could happen next?”), one (video #17) just once and the other (video #9) twice. We did not explore correlations, given their infrequency.



Patterns in Teacher-Initiated Talk

To explore patterns in teacher talk, we conducted zero-order Pearson correlations among these variables. Comments and open prompts (r = −0.19, p = 0.968) were independent of one another, as were open and closed prompts (r = −0.22, p = 0.639). However, there was an inverse, marginally significant correlation between comments and closed prompts (r = 0.74, p = 0.057), indicating that teachers who made more comments asked fewer closed questions. When closed and open prompts were combined (i.e., all prompts), there was significant inverse correlation between comments and questions (r = −0.76, p = 0.048). Thus, teachers in this sample appeared to either favor questions or comments in their book readings.

Descriptive data identified two teachers who used predominately questions rather than comments (41% of their talk was comments whereas 26% was questions and 64% was comments whereas 15% was questions, respectively), whom we termed Asker teachers. Conversely, four teachers used predominately comments rather than questions (43% comments to 29% questions, 63% comments to 25% questions, 59% comments to 15% questions, and 69% comments to 6% questions); we termed these teachers Tellers. One teacher, termed Balanced, used the two types of remarks about equally (44% comments to 38% questions). Descriptive data showed that Teller teachers used more comments (M = 26.75, SD = 13.00 vs. 12.00, SD = 5.66) while Asker teachers used more questions (M = 30.00, SD = 5.66 vs. M = 8.50, SD = 3.41). The Balanced teacher fell in between on comments (n = 21) and questions (n = 20). Exploratory, underpowered ANOVA results comparing Askers and Tellers showed that, while the frequency of comments was not statistically different (p = 0.216), Asker teachers employed significantly more questions, F(1, 4) = 36.80, p = 0.004. In an additional exploratory analysis, we examined whether Askers and Tellers differed in the kinds (rather than just the amount) of comments and questions they made. There were no differences for comments, but Askers used significantly more labeling questions (M = 8.50 vs. M = 0.75 for Tellers), F(1, 4) = 16.664, p = 0.015. As these exploratory findings support the distinction between these groups, we employ these categories as we explore the data below.



Summary

Teacher-initiated CDS during toddler book readings predominately focused on contextualized (labeling, describing) information. Among comments, labeling/describing remarks predominated, and among questions, yes/no and labeling questions were most frequent. Three patterns of teacher talk during book reading emerged: Askers, Tellers, and Balanced.




Child Responses to Teacher Prompts

Complete results are presented in Table 5 and summarized below.


TABLE 5. Correlations among constructs.
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Child Response Frequency

We observed an average of 16.57 (SD = 10.94, range = 5–35) child responses to teacher remarks, closely aligned with the number of teacher questions. Beyond this sample average, however, there were differences between Asker and Teller classrooms, in that Asker teachers (n = 2) saw 30.5 child responses in their classrooms (SD = 6.36), while Teller teachers saw just 8.75 (SD = 3.30) child responses. Differences were significant in an (underpowered) ANOVA, F(1, 4) = 34.44, p = 0.004.



Child Response Accuracy

Overall, across the sample as a whole, children were correct 48% of the time and incorrect or non-responsive 52% of the time, but accuracy varied by question type. Approx. 5 responses per reading (M = 5.20) were to yes/no questions, and most were correct (75%). Of the approx. 4 responses to label questions per reading (M = 3.71), 23% were correct, 34% were incorrect, and 42% involved non-response. Responses to repeating questions (i.e., “Say ‘truck”’) were offered 2–3 times per reading (M = 2.57), and children were correct 33% of the time but did not respond 66% of the time. Responses to choice questions were offered nearly twice per reading (M = 1.85), with mostly (69%) correct responses.



Patterns

Interestingly, when comparing Asker and Teller classrooms, children in Asker classrooms offered significantly more correct answers (M = 20.00 and SD = 2.83 vs. M = 2.75 and SD = 0.95), F(1, 5) = 147.63, p < 0.001, but statistically equivalent numbers of incorrect answers (M = 10.50 and SD = 3.53 vs. M = 6.00 and SD = 3.91), F(1, 4) = 16.64, p = 0.015. Descriptive statistics showed that labeling questions in particular (“What is this?”) were substantially more prominent in Asker (M = 8.50) classrooms than Teller classrooms (M = 0.75).



Summary

Children responded correctly to about half of teacher questions. Choice and yes/no questions generally resulted in correct responses, while answers to labeling and request for repetition questions were most frequently incorrect.




Teacher Responses to Child Responses

We coded teacher responses to incorrect vs. correct child answers separately for clarity.


Addressing Incorrect Child Responses

When children were incorrect, the most common teacher response was non-response (M = 3.14, SD = 3.44, range = 0–10), used at least once by 6 out of 7 teachers, and quite often (10 times) by one teacher (#5). It was also quite rare to tell the child that the answer was not correct (only 1 teacher used this approach, and only once).

Most teachers also used one or more strategies aimed at leading children toward the answer, including re-asking the same question (M = 1.57, SD = 1.72, range = 0–4), used by 5 out of 7 teachers, or giving hints (3 out of 7, M = 1.14, SD = 1.68, range = 0–4). Less common (on average, less than once per reading) were asking the child a rhetorical question (“Are you sure that’s a dog?”), used by 3 teachers, or reframing the original question as a yes/no (2 teachers) or choice question (1 teacher). Quite rare was asking a follow-up question (1 teacher, used twice).

Ultimately, most teachers (6 out of 7) also offered the correct answer, on average this twice per reading (M = 2.14, SD = 1.68, range = 0–5).



Addressing Correct Child Responses

When children were correct, teachers used a different array of responses. Most common was praise (M = 2.43, SD = 4.03, range = 0–11), used by 4 of 7 teachers, one very frequently (11 times). In addition, five teachers repeated what children said verbatim (M = 2.14, SD = 2.67, range = 0–6), four teachers added words to what children said (M = 1.71, SD = 2.50, range = 0–7), and four expanded on their idea (M = 1.43, SD = 1.62, range = 0–4). Rarer strategies (used less than once per reading) included non-response (used once but by three teachers), asking rhetorical questions (used by one teacher, once), explicitly saying yes (used by three teachers), and asking follow-up questions (never used).



Patterns

Not surprisingly, because they posed more questions and accordingly had more child responses, Askers offered significantly more responses to children than Tellers did, F(1, 4) = 11.49, p = 0.028. Given the relatively small cell sizes for each type of teacher response, we did not examine further differences in specific responses between Askers and Tellers.




Child-Initiated Talk

On average 5 times per reading, children volunteered information (SD = 3.78, range = 1–9). Unlike child responses, child-initiated talk was nearly identical regardless of whether teachers were Tellers (M = 5.25, SD = 4.35) or Askers (M = 5.50, SD = 4.95), with no significant differences between groups, F(1, 4) = 0.01, p = 0.952. In light of small cell sizes, we did not examine group differences further and instead describe the whole sample.

Looking closely at child-initiated talk, with two exceptions (the same child, in one classroom), all volunteered information was accurate. This talk mostly (at least once per classroom) involved children sharing the color or label for an illustration (M = 1.71, SD = 1.11, range = 1–4). In four classrooms, children specifically volunteered a particular target word (M = 1.14, SD = 1.46, range = 0–4). In three classrooms, one child voluntarily repeated what teachers said (M = 1.71, range = 0–5); moreover, children who repeated the teacher did so more than once (from 3 to 5 times). Only once across all videos did a child volunteer a question.

Zero-order correlations showed that the frequency of child responses in classrooms was unrelated to the frequency of child-initiated talk (r = −0.23, p = 0.627).


Summary

In all classrooms, whether Teller or Asker settings, at least one child volunteered information, generally labeling/describing illustrations or repeating; nearly all was accurate. Child-initiated talk was less frequent than responses to teachers.




Teacher Responses to Child-Initiated Talk

While, as above, the most frequent teacher feedback strategy on child responses to teacher questions was non-response, teacher response to child-initiated talk was different. In fact, only two teachers ever used non-response to child-initiated talk; one did so four times and the other five times (M = 1.29, SD = 2.21, range = 0–5). The most common approach, used by all teachers at least once, was to explicitly say “yes” in response to a child-initiated remark; on average, this happened twice per reading (with one offering this feedback 7 times (M = 2.29, SD = 2.21, range = 1–7). Five teachers repeated children’s remarks, on average once per reading (M = 1.14, SD = 1.60, range = 0–3), while four added words to what children said, on average once per reading (M = 1.52, SD = 2.22, range = 0–6) and five expanded children’s ideas, on average once per reading (M = 1.14, SD = 1.34, range = 0–4). Three teachers posed at least one follow-up question (M = 0.57, SD = 0.79, range = 0–2).


Patterns

No clear patterns were apparent. Tellers gave slightly more frequent feedback on child-initiated talk (M = 8.50, SD = 7.77 and M = 5.50, SD = 4.95, respectively), but this difference was not significant, F(1, 4) = 0.23, p = 0.654.



Summary

Children volunteered information equally often, whether or not teachers emphasized asking questions. Teachers offered feedback (often a “yes”) on this child talk.





Question 5: Frequency of Target Words in Teacher and Child Talk

Frequency counts of use of target words in text, teacher talk (whether initiations or responses) and child talk (whether initiations or responses) indicated that target words were very common in the text and related conversations. Texts included 24.28 target words (SD = 15.12) but ranged from 12 to 55. Teachers used, on average, 48.57 target words (SD = 26.87), but there was substantial variation (range = 22–101). On average, 78% of teacher remarks (whether initiated or responses) included a target word. Children used 8.71 target words (SD = 6.05, range = 0–15), so on average, 40% of child remarks (whether initiated or responses) contained a target word.

Correlations among these three variables showed that the number of target words in the text was unrelated to use of target words by teachers (r = 0.03, p = 0.952) or children (r = 0.08, p = 0.869). However, when teachers used more target words, children did as well (r = 0.76, p = 0.047).


Patterns

Although Askers and Tellers read texts with very similar numbers of target words (M = approx. 20 for both groups), Askers used target words about twice as often (M = 76.50, SD = 34.65) as did Tellers (M = 36.25, SD = 17.52), and children in Asker classrooms used target words about three times as frequently (M = 14.50, SD = 0.71, vs. M = 5.50, SD = 6.03). Differences were not statistically significant (p > 0.20).



Summary

Target words were prominent in teacher extra-textual talk, and to a lesser degree in child talk; they were particularly salient in Asker classrooms.




Question 6: Global Quality, Linguistic Complexity, and Talk Strategies Correlations

Results are presented in Table 5. In general, these constructs were independent of one another. Linguistic complexity was unrelated to frequency of teacher or child talk (r = 0.15–0.35, p > 0.50). Global quality was independent of linguistic complexity (r = 0.30–0.60, p > 0.10) and frequency of teacher and child talk (r = 0.20–0.60, p > 0.15). Interestingly, correlations remained largely non-significant even when exploring individual kinds of talk and very specific, highly related CLASS-T dimensions (e.g., teacher responses to child remarks on our specialized coding scheme and CLASS-T teacher feedback), with four exceptions. First, linguistic complexity was marginally correlated with Positive Climate (r = 0.71, p = 0.069) and Behavior Guidance (r = 0.70, p = 0.083); in other words, more diverse teacher vocabulary was linked to stronger support for children’s emotional and behavioral well-being. Second, more teacher questions were linked to a less positive climate (r = −0.81, p = 0.027), as were more child responses (r = −0.082, p = 0.025); similarly, a marginally significant correlation emerged teacher questions and Recoded Negative Climate (r = −0.71, p = 0.076). Thus, all three aspects of CDS in this sample were relatively distinct across the sample as a whole, although there were some indications that aspects of Emotional and Behavioral Support were enhanced by more vocabulary-rich teacher talk and less child talk.

Analyses of this collection of talk strategies again found differences between Askers and Tellers. In Askers’ classrooms, teachers initiated and responded more overall (M = 84.50, SD = 14.85), relative to Tellers (M = 50.00, SD = 19.68), a marginally significant difference, F(1, 4) = 4.59, p = 0.099, with the Balanced classroom falling in between (65.00). Children in Asker classrooms also talked more (initiations and responses) (M = 36.00, SD = 1.41)—twice as much, on average–than those in Teller classrooms (M = 14.00, SD = 3.74), a significant difference, F(1, 4) = 58.67, p = 0.002, with the Balanced classroom falling in between (23.00).

Examining global quality and linguistic complexity, Tellers and Askers had very similar structural complexity (MLU-w) to their language (M = 6.11, SD = 0.76 vs. M = 6.21, SD = 1.20.18, respectively). However, echoing the correlations between dimensions of CLASS and CDS, Tellers had higher scores on CLASS Emotional and Behavioral Support domain (M = 5.05, SD = 0.85 vs. M = 4.00, SD = 0.57), while Askers had higher scores on the CLASS Engaged Support for Learning scale (M = 4.70, SD = 1.41, vs. M = 3.65, SD = 1.58). ANOVAs did not find significance for comparisons. Tellers also used more diverse vocabulary (D, M = 36.75, SD = 3.50 vs. M = 28.90, SD = 4.96), a marginally significant difference (p = 0.085).


Summary

Although these three perspectives on CDS were largely distinct (uncorrelated), Askers’ instruction trended toward more alignment with the CLASS teaching-oriented scale, whereas Tellers’ use of predominately teacher talk and more different words trended toward higher levels of emotional and behavioral support.





DISCUSSION

This exploratory, observational study teased apart multiple elements of CDS in the context of toddler classrooms, examining trends and individual differences. Teachers in this study received training from the Head Start on Vocabulary (HSoV) model, and we explored the classroom language environment (global quality, linguistic complexity, and teachers’ and children’s talk strategies) during book reading, a potentially vocabulary-rich part of the early childhood classroom.

Regarding general trends, we found that global classroom quality (CLASS-T) was moderate and generally equivalent to larger Early Head Start samples (Vogel et al., 2015: Emotional and Behavioral Support = 5.3, Engaged Support for Learning = 3.5) and to Head Start preschools (U.S. Department of Health and Human Services [DHHS], 2021: Emotional Support = 6.03, Classroom Organization = 5.78, Instructional Support = 2.94). During book reading, structural complexity (MLU-w) was approximately equal to preschool book reading values (Dickinson et al., 2014) and slightly higher than previous toddler book reading values (Girolametto et al., 2003), with teachers’ CDS averaging about 6 words per remark, and about 20% of remarks employing one or more syntactically complex constructions. During book reading, teachers talked about three times as often as toddlers did, and most child talk was in response to teacher talk. Teachers predominately labeled and described illustrations and asked closed questions that invited children to provide a specific label. About half of children’s responses were correct. Throughout this talk, target words were frequently used, especially by teachers (on average, in 78% of remarks). In a related finding, lexical diversity (D), however, was about half of what has been observed in book readings in preschool (Dickinson et al., 2014) or toddler classrooms (Girolametto et al., 2003), perhaps in part because of the HSoV focus on a small set of target words.

Beyond overall trends, three general patterns of CDS during toddler book readings emerged: Teller classrooms (n = 4) in which teachers used predominately comments, Asker classrooms (n = 2) in which they used predominately questions, and Balanced classrooms (n = 1) with an equal mix of both. In Asker classrooms, children talked more overall (frequently with correct answers), and both teachers and children used target words more frequently. Asker classrooms also had (descriptively, although not statistically) higher scores on the CLASS-T Engaged Support for Learning scale, while Teller classrooms performed better on the Emotional and Behavioral Support scale. Teller teachers also used (marginally) more diverse vocabulary. Findings reveal new information about CDS during book reading toddler classrooms, at least in the context of this target-word-focused HSoV intervention, and potential patterns of talk have implications future research in PD with this population of teachers.


Head Start on Vocabulary Teachers’ Child-Directed Speech Emphasized Target Words

The field has not determined optimal teacher lexical diversity and syntactic complexity for 2-year-olds. On one hand, there is clear evidence from the field that exposure to an extensive selection of vocabulary, including abstract words, is predictive of longer term benefits (Hart and Risley, 1995; Dickinson and Tabors, 2001), as is exposure to complex syntax (Hoff, 2003). However, in these classrooms, consistent with HSoV aims, teachers repeatedly labeled concrete items/images (e.g., truck, toothbrush), likely limiting lexical diversity but increasing repetitions of focal words and in some cases, allowing for moderately sophisticated descriptions of pictures in the texts.

Interestingly, when teachers asked closed, contextualized questions (mostly labeling), children were incorrect in half of their responses. This result is particularly intriguing given that the words selected for HSoV were relatively simple and concrete. This finding may indicate that a high degree of focused repetition, with few distractors, is very appropriate for 2-year-old children in high-need settings. Indeed, this focused talk could, over time, help children build target word knowledge, which in turn would offer a foundation for more sophisticated understandings and more extensive contributions to conversations. However, if both complex and simpler language inputs matter, future research might carefully track the appropriate balance of the two, perhaps through tracing teachers’ introduction of new words and children’s adoption of those words to better understand the key pathways by which new words become salient for and familiar to children.



Children Have Different Experiences With Tellers vs. Askers

A major finding from this work involved preliminary evidence that some teachers, at least during book readings with toddlers, emphasize questions (Askers) while others emphasize comments (Tellers), and yet others have a Balance. There were some clear advantages for children of Asker classrooms—teachers and children talked substantially more, particularly about target words, linked at least marginally to higher global quality around teaching. Although we do not have data on child language learning, children in Asker teacher classrooms tended to answer questions correctly, even though Asker teachers used more labeling questions, which were, overall, one of the more challenging kinds of questions.

On the other hand, there were positive aspects of Teller classrooms, in that teachers used more diverse vocabulary, which was linked to a more Positive Climate and to higher Behavior Guidance. At the same time, teacher questions and child responses, both of which were less frequent in Teller classrooms, were inversely correlated with CLASS-T Positive Climate. Future research on this point is needed, but it may be the case that more teacher-managed discussion supports a smoothly run classroom and/or showcases teachers’ support for children in ways that the CLASS-T is particularly sensitive to notice.

As only one classroom fell into the Balanced category, conclusions about this group are limited. However, a general implication of these broader findings is that there are potentially benefits of various patterns for children, and that teachers could potentially be trained to use different sets of strategies together. In addition, if these patterns or styles are widespread among teachers, coaches may need to gauge how teachers approach CDS during book reading and tailor PD to optimize that approach and include other talk strategies as well.




LIMITATIONS AND FUTURE DIRECTIONS

A number of limitations to the current work highlight future directions for research. Most critically, as is often the case in professional development research, the total sample of teachers (n = 7) is small to accommodate the costs of teacher training, observation, and coaching (Schacter, 2015). In turn, this limits the representativeness of the findings and the power of inferential analyses. Although a small sample allows for detailed coding and rich descriptive data, gathering parallel information from a larger array of classrooms would support firm statistical conclusions and, ultimately, generalizability to the Early Head Start population and beyond.

A second concern is that these seven teachers read different books to children, which can foster different kinds of talk. For example, some books were narratives (such as Baby Loves Winter), whereas others were more informational or participatory (Shake a Leg! Elmo). In our experience, allowing teachers to choose the book they would like to read helps to ensure that observations are representative of what typically happens in a class day (i.e., ecological validity); however, using the same book across all settings facilitates classroom comparisons. Future research might include both approaches and directly compare them. As a related point, more examination of the texts that teachers read to/with toddlers is needed. In particular, we found that some texts mentioned target words more than others, and some included questions (e.g., the refrain, “Is this the bus for us, Gus?”) that could potentially support children’s talk. Careful analyses of the teacher-child discourse around a wider array of texts in a larger sample could be helpful.

A third issue is that it was beyond the scope of this implementation-focused study to include more detailed child data. The most important dimension of any classroom-based program is its role in improving children’s outcomes, ideally explored through rigorous methods that allow for causal conclusions. One future approach would be to include rigorous background information (e.g., exposure to English and other languages at home), as well as standardized and/or project-based measures of children’s skills. Also of value, however, would be tracking individual children during observations to gauge which/how many children offer the most responses, are the most accurate, or even never responds. Individual-level data of this nature would potentially elucidate why teachers ask the specific questions they choose and would also help teachers better tailor their instruction to children’s skills.



CONCLUSION

Little is known about the CDS that teachers use to communicate with toddlers in classrooms. This study examined CDS as well as child talk during book readings in American Early Head Start classrooms serving 2-year-olds from households in poverty, as teachers piloted a new, light-touch PD model. Overall, the environment was similar in global quality and linguistic complexity to prior observations of toddler book readings, but close analysis of teacher and child talk strategies revealed potential differences between Askers (more focused on closed questions), Tellers (more focused on comments), and those with a Balanced approach to questions and comments. Overall, this study weaves together a more comprehensive perspective on toddler classroom language, illuminating pathways for future research.
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Several studies have testified to the importance of a responsive linguistic input for children’s language acquisition and development. In particular, maternal use of expansions, imitations, interpretations, and labels has been shown to promote both children’s language comprehension and production. From this perspective, the present study examined the semantically contingent linguistic input addressed to very preterm children’s comparing it to that directed to full-term children observed during a semi-structured play session when the children were 24 months of age. The relationships between maternal contingent utterances and children’s communicative repertoires were also investigated. The main results showed that mothers of full-term children produced a higher proportion of semantically contingent utterances than those of very preterm children; moreover, this variable was associated with children’s more advanced communicative-linguistic outcomes. Overall, this study supports the interdependence between mothers’ use of certain linguistic strategies and children’s communicative-linguistic repertoire, extending this evidence to children born very preterm and suggesting the importance of considering the semantic contingency aspect of child-directed speech to support the communicative and linguistic development of these children.
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INTRODUCTION


Child-Directed Speech: the Relevance of Maternal Input Contingency in Children’s Communicative Development

It is now widely accepted that the linguistic input young children are exposed to contribute to influencing both their language acquisition and development.

In this area of investigation, many studies focused on the quantitative aspects of child-directed speech (CDS) showing that one source of variability in language growth is represented by different amount of exposure to parents’ speech directly addressed to the infant (Huttenlocher et al., 1991, 2010; Hoff, 2003; Weisleder and Fernald, 2013).

Nonetheless, other empirical evidence pointed out that the quality of CDS plays an equally crucial role in fostering the development of early language skills. As recently argued by Rowe and Snow (2020) in their review on language input, three partially overlapping dimensions can be identified as facilitating language learning at different developmental stages, referring, respectively, to interactional features (i.e., responsiveness, shared attention, and discussion of child interest), linguistic aspects (i.e., phonological, lexical and grammatical levels of complexity, and redundancy), and conceptual content (i.e., topics of conversation).

In this regard, the social-interactionist perspective states that language learning is made easier if the content of the adult’s CDS corresponds to the child’s own processing mechanisms, namely, if it is responsive (Girolametto et al., 2002). Particularly, during the vocabulary development stage and up to the onset of the first word combinations, is well documented that maternal responsive behaviors, defined as contingent, appropriate, and prompt responses to a child’s communicative initiations (Bornstein et al., 2008), can be considered a valid predictor of children’s achievement of several language milestones (Tamis-LeMonda et al., 2001).

Although verbal responsiveness is considered a multidimensional construct susceptible to various operationalizations (McGillion et al., 2013), one aspect that has been focal in several studies is semantic contingency, in which the conversational partner verbally responds to the child’s focus of utterances or attention (Harkness, 1988). In other words, semantic contingency may be broadly defined as the maintenance, by the adult, of the communicative exchange topic, or interest, promoted by the child, while respecting conversational turn taking and providing verbal information specifically related to it. In this sense, the linguistic input that is both conversationally (temporally connected) and conceptually related to children’s utterances and actions (Rowe and Snow, 2020) is thought to increase the saliency of the input itself and the likelihood that words will be bound to real-world referents, as it reduces the cognitive loads the child needs to process linguistic information (McGillion et al., 2013; Tamis-LeMonda et al., 2014) and fosters the associations among language content, form, and use (Girolametto et al., 1999).

Different caregivers’ linguistic behaviors are contingent to the child’s attentional focus and topic of conversation, incorporating them into one’s own immediately following turn, such as the labeling of objects or events to which the child is paying attention to, the imitation of his/her verbal productions, the expansion of the child’s verbal initiatives, and the interpretation of child’s prelinguistic utterances (Conti-Ramsden, 1990; Girolametto et al., 1999). In other words, during interactive exchanges, the adult adopts a series of pragmatic strategies, sometimes referred as recasts, to scaffold child’s language production, by providing information about words meaning and use, correcting and reformulating incomplete or ungrammatical utterances, or repeating and extending them to encourage the production of more complex linguistic units (Clarke et al., 2017).

All of these strategies adopted by the caregiver—which are also aimed to ensure mutual involvement and active participation of the child in interaction through fine-tuning to his/her language level (Cross, 1977; Snow, 1989; Sokolov, 1993)—support children’s transition from prelinguistic to linguistic communication and promote accelerated language development, as demonstrated by several studies focusing on different lexical and morphosyntactic aspects, including vocabulary size, early vocabulary composition, word type growth, spontaneous productions of newly acquired semantic relations, acquisition of grammatical morphemes, and syntactic structures (Scherer and Olswang, 1984; Tomasello and Farrar, 1986; Farrar, 1990, 1992; Pine, 1994; Nelson et al., 1996; Tamis-LeMonda et al., 2001; McGillion et al., 2013; Taumoepeau, 2016).

At the same time, the importance of such input in promoting language development has also been highlighted in children with language delays or difficulties. In this regard, Girolametto and colleagues (Girolametto et al., 1999) pointed out that maternal responsive behaviors classified as expansions and imitations represented the best predictors of children’s expressive language outcomes (i.e., number of children’s utterances, number of different words, vocabulary size, and word combinations) in a group of male late talkers observed longitudinally. In line with these findings, in a later study, Girolametto et al. (2002) found that mothers’ semantically contingent language measures (i.e., imitations, interpretations, and expansions) were related to higher levels of verbal productivity in children exhibiting delays in expressive vocabulary development but age-appropriate cognitive and receptive language skills. More recently, a study aimed at determining, in a community-based sample of slow-to-talk toddlers, the extent to which specific maternal responsive behaviors at 24 months predict child language both concurrently and at 36 months (Levickis et al., 2014) showed that expansions, imitations, and responsive questions were strongly associated with better receptive and expressive language outcomes at both ages; moreover, expansions were the only maternal linguistic behavior that predicted language improvement by the end of children’s second year of life. The emphasis placed on expansions and labeling in predicting later language development is also confirmed in a study that points out that these parental responsive utterances, in addition to child’s earlier language skills, increase the ability to predict language outcomes at age 4 in a sample of children who are late to talk (Levickis et al., 2018).



Maternal Verbal Input Directed to Children Born Preterm

Overall, empirical evidence seems to support that some of the variability observed in language abilities of both typically and atypically developing children can be explained by differences in features of language input, including responsiveness to children’s early focus of attention and communicative attempts.

For this reason, it may be relevant to investigate these characteristics of maternal input also in children born preterm since, from the early stages of development, they exhibit delays that tend to persist over time, with cascading effects on more sophisticated skills developing later in their life (De Schuymer et al., 2011). A large body of literature indicates the negative impact of premature birth on the development of language abilities, especially in children born extremely and very preterm (i.e., those born, respectively, before 28 and between 28 and 32 weeks of gestation). Studies involving very preterm children found that they show a slower acquisition in both word comprehension and production with an increasing divergence, with respect to full-terms, from 12 to 24 months (Sansavini et al., 2011); moreover, at 2 years of age, a considerable proportion of them do not produce word combinations or are characterized by a small expressive vocabulary, below the 10th percentile on the MB-CDI questionnaire (Sentenac et al., 2020). Similarly, some evidence suggests that even low-risk preterm score significantly lower than term infants on the BSID-III language scales at 24 months, considering both corrected and chronological age (Ionio et al., 2016), and that their language development appears suboptimal compared to that of their full-term peers, performing less favorably even as young as 2 years of age (Nepomnyaschy et al., 2012).

Although the difficulties observed in these children appear related to biologically determined factors, part of the observed variability in language skills can also be associated with external, environmental variables (Howard et al., 2011; Wild et al., 2013). In this area of investigation, studies addressing the potential role of caregiver input provided to preterm children do not seem to be many, thus highlighting a gap in the research aimed at exploring the interrelationships between the abovementioned factor and language skills in this population. Moreover, much of this research has primarily focused on structural-linguistic and/or quantitative aspects of maternal verbal input. For instance, some authors found that during the first months of life, mothers of premature infants, in comparison with those of term infants, follow significantly more frequently their infants’ non-cry vocalizations with an utterance directed at the child and initiate conversational turns more often (Reissland and Stephenson, 1999); nevertheless, similar quantities of words and utterances produced have been observed in the two groups of mothers, and no differences have been detected regarding lexical and syntactical complexity of linguistic input directed to preterm and full-term children (Salerni et al., 2007), even when considering a sample of low-risk preterm and full-term children with language delay (Suttora et al., 2020). In addition, findings suggested that changes over time in the structural characteristics of language input directed to preterm infants are also substantially similar to those described in the literature concerning typically developing infants: major increases in both lexical complexity and productivity were observed in the transition from 6 months to the second year, whereas the syntactic complexity of maternal speech, measured in terms of mean length of utterance, showed a significant increase during the second year of life (Suttora and Salerni, 2011).

As regards the functional characteristics of linguistic input, some studies highlighted that mothers of preterm children produced more directive and controlling utterances than mothers of term children (Menyuk et al., 2014), although others failed to detect such differences from 6 months of age onward (Hebert et al., 2004; Salerni et al., 2007). Despite these partially contradictory results, it seems, however, that an input characterized by maintaining the child’s attention using non-directive strategies, including verbal ones, and focused on the activity or object on which the child himself/herself is currently engaged has a positive influence on language skills, especially for high-risk children and at earlier ages (Hebert et al., 2004).

More recently Benassi et al. (2018) focused on a specific feature of parental linguistic input, considering maternal responses to babies’ communicative behaviors; the authors classified them according to their temporal contingency (i.e., whether they occurred within 5 s from the end of the infant’s communicative production) and the degree of relevance (i.e., whether they focused on the infant’s communicative behavior providing meaning to it). The data collected showed that maternal contingent relevant responses with a repeated label at 12 months were concurrently related to infants’ communication skills (i.e., pointing and giving gestures, words, and receptive communication) and predicted infants’ expressive communication skills at 24 months, even after controlling for neonatal status and 12-month expressive communication and cognitive skills.

Taken together, then, this empirical evidence supports the importance of considering the influence of both early infants’ abilities and quality of maternal input they receive for a deeper understanding of language development in preterm infants.



Aims of the Study

Moving from the above considerations, the present study was designed to achieve two primary goals. The first was to deepen the analysis of semantically contingent linguistic input addressed to children born very preterm and to compare it to that directed to full-term children.

As this type of investigation has usually considered children with typical development and, in some cases, those with language delay, the identification of any similarities and/or differences in the strategies adopted by the two groups of mothers may extend our knowledge about the communicative environment to which preterm infants are exposed to. Since it is possible to hypothesize that these infants show a lower level of communicative-linguistic development, or at least a different repertoire of communicative behaviors, than full-term infants, the interaction strategies that mothers use to encourage their verbal spontaneous participation may also differ from those commonly adopted with typically developing children.

The second goal was to investigate synchronic interrelations between maternal semantically contingent utterances and infant’s communicative and linguistic skills in each of the two groups of dyads. From the literature, positive associations between maternal utterances and child language productivity are expected. However, assuming that the potential vulnerability of preterm infants makes them particularly susceptible to environmental factors, it is reasonable to hypothesize the presence of a pattern of associations that may be different from that found in full-term dyads. In addition, this examination can also help confirm the validity of some parental language strategies in supporting the communicative-language development of these children, leading to the identification of those that are most effective.




MATERIALS AND METHODS


Participants

Thirty-six monolingual Italian mothers and their children participated in the study, including 16 very preterm infants (VPT; eight females) recruited at two neonatology follow-up services in Milan, and the remaining 20 born at term (FT; 10 females; groups did not differ for gender, χ2 = 0.00, p = 0.631) enrolled through notices posted in pediatric clinics in the same town. The main criteria for the selection of the very preterm children were a birthweight of less than 2000 grams (M = 1333.75, SD = 338.35), a gestational age under 32 weeks (M = 29.94, SD = 2.25) and the absence of genetic abnormalities, severe neurofunctional impairment, and/or sensorineural disabilities. Thus, the preterm children can be considered at low risk nevertheless their degree of prematurity. All full-term children were healthy and typically developing. Children born very preterm were mostly firstborn (VPT; 15 firstborn), while full-term children were more equally distributed between first and second born (FT; 11 firstborn; groups differed significantly for birth order, χ2 = 6.65, p = 0.010). Three very preterm participants were twins from different set of twins. Children in the very preterm and full-term groups did not differ for their mothers’ level of education that was overall medium-high (χ2 = 0.90, p = 0.710).

Each dyad was observed at children’s 24 months of age (VPT corrected age: M = 24.16 months, SD = 12.35 days, range = 23.50–24.97 months; chronological age: M = 26.16 months, SD = 18.01 days, range = 25.51–27.65 months; FT: M = 24.07 months, SD = 7.82 days; range: 23.53–24.53 months; U = 139.50, p = 0.519) and mothers were asked to fill out the questionnaire Primo Vocabolario del Bambino—scheda Parole e Frasi (Caselli and Casadio, 1995) which is the Italian version of the MacArthur-Bates Communicative Development Inventories—Words and Sentences form (Fenson et al., 1993, 2007). Data collected showed that the productive vocabulary size of VPT children (M = 179.54; SD = 192.62) was significantly lower than FT (M = 366.95; SD = 134.96), as attested by the statistical comparison carried out on the respective average values (U = 200.50; p = 0.009).

The study met ethical guidelines for human subject protections, including adherence to the legal requirements of Italy, and received formal approval by the local Research Ethical Committee of the University of Milano - Bicocca. All parents were informed about both the research procedure and general aims and gave informed written consent for study participation, data analysis, and data publication.



Procedure

All mother-child dyads participated in a video-recorded semi-structured play session lasting approximately 20 min. VPT dyads were observed in a quiet room designed for observation at each of the two follow-up services involved, while full-term children and their mothers attended the session in the Early Childhood Observation Laboratory of the University of Milano - Bicocca.

In both observational contexts, which can be considered structurally equivalent, mothers and children sat together on a mat and mothers were encouraged to interact and play with their children freely as they would at home. The play materials have been selected with the specific goal of stimulating communicative and interactive exchanges in the dyads and consist of a series of age-appropriate toys (i.e., a toy farm with miniature people and animals, a telephone toy, a doll with clothes, and a kitchen set with pretend fruit and vegetables) and picture books. Each one was made available to mothers and children according to a fixed sequential order and it was not removed from the play area to ensure that each dyad had the opportunity to play with the toys that were most likely to stimulate their exchanges.


Coding and Measures

Maternal linguistic input and all spontaneous children’s communicative behaviors recorded during the observation sessions were entirely transcribed in CHAT format (CHILDES system; MacWhinney, 2000) by a trained observer, organizing them into separate utterances defined as any sequences of words, and/or prelinguistic sounds, and/or gestures preceded or followed by an auditory pause (1 s or more of non-speech), a change in the conversational turn, or an understandable modification in the intonation pattern.

Unclear speech in the transcriptions was reviewed by a second observer and resolved by checking the video-recorded material again.


Maternal Speech

From the transcripts, all maternal utterances that matched the ongoing topic of dyadic interaction were preliminarily identified as semantically contingent if: (a) they were produced in a joint attention situation and included a content word and/or (b) they were both temporally contiguous and linguistically and content-wise aligned to an infant production.

These utterances were, then, classified by means of a coding system developed by Girolametto et al. (2002) and partially modified for the aims of this study, which includes the following categories:

− Responsive labels: utterances that reflect the child’s focus of attention and highlight a content word referring to people, events, and objects (e.g., the mother says: “C’è un cagnolino lì!”/“There’s a little dog there!” while the child is looking at a picture book; “Quanti frutti ci sono nel cesto!”/“So many fruits in the basket!,” while the child is exploring a play food set).

− Interpretations: labels or short utterances aiming to disambiguate a child vocalization that is not clearly recognizable as a word, but it is produced with a communicative intention (e.g., the child vocalizes opening his arms and the mother says: “È caduto!”/“It fell down!”; the child vocalizes and points, and the mother says: “Un pomodoro per il sugo”/“A tomato for the sauce”).

− Reformulations: utterances that reproduce the child verbal production in a correct phonological form (e.g., the child says “a falalla” and the mother replies “la farfalla”/“the butterfly”; the child says “etto è piccoino” and the mother replies “questo è piccolino”/“this is tiny”).

− Imitations: partial or complete reproductions of the child’s preceding preverbal or verbal production (e.g., the child says “palla blu”/“blue ball” and the mother repeats “palla blu”/“blue ball”; the child says “gira molto veloce”/“it turns very fast” and the mother repeats “gira veloce”/“it run fast”).

− Expansions: utterances containing the repetition of an immediately preceding child’s verbalization and the addition of one or more morphemes or words (e.g., the child says “un cappello”/“a hat” and the mother replies “un cappello come quello del nonno”/“a hat like grandpa’s”; the child says “è fiore”/“it’s flower” and the mother repeats “è un fiore”/“it’s a flower”).

The following measures were then calculated: (a) the frequency per minute of utterances (as an index of speech productivity); (b) the proportion of semantically contingent utterances out of the total number of utterances. The proportions associated with each type of semantically contingent utterances were also computed. However, because children vary not only in the total number of spontaneous communicative behaviors they produce but also in their quality, mothers’ opportunities to respond contingently to children’s productions by using the various strategies considered also vary. For this reason, the proportional values were calculated by varying the denominator according to the meaning of each category of maternal contingent utterances. Consequently, the following measures were considered: (c) responsive labels on the total number of maternal utterances; (d) interpretations on the total number of children’s preverbal productions; (e) reformulations on the total number of children’s verbal productions; (f) imitations, and (g) expansions on the total number of children’s productions.



Children’s Prelinguistic and Verbal Behavior

In order to assess children’s prelinguistic and verbal repertoire, each transcribed utterance, excluding crying vocalizations and sounds of distress, was classified according to its complexity. Therefore, the following categories were considered:

− Preverbal productions: vocalizations containing a vowel or a syllable composed of a glottal or a glide consonant, single-syllable speech sounds, reduplicated and variegated babbling, and onomatopoeic sounds (e.g., “ba,” “dada,” “bati,”/“bu-bu”; Stoel-Gammon, 1989).

− One-word utterances: verbal productions consistently used to signal the same meaning and that approximate the sound of the conventional word used by adults (e.g., “cappe” [scarpe]/ “shoes”; “bello,”/“beautiful”; Vihman and McCune, 1994).

− Transitional forms: utterances composed of two or more vocal elements, in which at least one is a word, but that cannot be considered true multi-word utterances, including: content words anticipated by a single not meaningful vocalic element (e.g., “/e/ fiore”/“/e/ flower”); chained words, which are two words uttered with close temporal contiguity (less than 1 s) and which perform two separate speech acts (e.g., the child sees two figures on a book and says “cane, gatto”/“dog, cat”); horizontal repetitions, in which the child produces a word and repeats it in close temporal contiguity within the same turn (e.g., “casa, casa,” “home, home”; “alto, alto,”/“tall, tall”); frozen phrases, in which a number of words are uttered as a single word, since the distinct words are not used in other occurrences (e.g., the child uses the expression “chi è?”/“who’s it?,” but the function word “chi”/“who,” is produced only in this context); and non-word combinations, in which a content word is anticipated or followed by a multi-syllabic form not recognizable as a word in the adult lexicon (e.g., “bimbo bedi”/“baby bedi,” where “bedi” is a non-word; Fasolo and D’Odorico, 2012).

− Word combinations: utterances consisting of two or more words semantically and prosodically related to each other and uttered in a close temporal succession (e.g., “questo latte” “this milk”; “voglio io” “I want”; “io siedo qui”/“I sit here”; D’Odorico and Carubbi, 2003).

For each category, the proportional frequency was calculated out of the total number of utterances. The number of child utterances per minute was also computed as a measure of child talkativeness.

Interrater reliability was calculated using the intraclass correlation coefficient (ICC) obtaining high levels of agreement for all maternal (ICC: ≥0.95) and children measures (ICC: ≥0.96).






RESULTS


Statistical Analyses

IBM SPSS Statistics 25 was used to conduct data analyses. Tests were bilateral with a statistical significance set at 0.05. Preliminary analyses have been performed to assess data distribution for normality. Results showed that most of the variables were not normally distributed with Kolmogorov-Smirnov and Shapiro-Wilk tests reporting ps < 0.01. For this reason, non-parametric tests were used.

A first set of Mann-Whitney tests was carried out to assess our first aim regarding the presence of differences in semantic contingency in mothers of very preterm and full-term children.

Secondly, we used Spearman correlations to explore the concurrent associations among maternal input variables and children’s linguistic measures, separately for very preterm and full-term participants. Before performing these analyses, a set of Mann-Whitney tests were performed to assess differences between very preterm and full-term children’s speech production.



Semantic Contingency of Maternal Verbal Input in Very Preterm and Full-Term Mother-Child Dyads

The descriptive statistics for the measures of maternal input for all participants, and for mothers of very preterm and full-term children, are reported in Table 1. During the mother-child interactive session, mothers addressed their children with approximately 15 utterances per minute, with no difference being observed between mothers of very preterm and full-term children. 26% of maternal utterances were semantically contingent to children’s communicative initiatives, with mothers of full-term children using such utterances significantly more than mothers in the very preterm group. Furthermore, results indicated that mothers of full-term children also produced a significantly greater proportion of responsive labels over the total utterances produced. The same pattern emerged regarding the use of expansions, as full-terms mothers were observed to expand their children’s verbal productions more than mothers of very preterm children. Concerning the use of interpretations, imitations, and reformulations no significant differences due to birth condition were observed (Mann-Whitney test results are also reported in Table 1).



TABLE 1. Descriptive data for maternal speech input measures and Mann-Whitney tests comparing mothers of very preterm and full-term children.
[image: Table1]



Associations Between Input Semantic Contingency Measures and Children’s Speech Production

Table 2 summarizes the descriptive statistics of children’s speech measures collected during mother-child interactive sessions, for all participants and for each group separately. At a descriptive level, children produced almost six communicative productions per minute with no differences between very preterm and full-term participants. The communicative repertoires of very preterm children were mostly constituted by preverbal productions, followed by one-word utterances, transitional and combinational forms. Contrariwise, full-term children exhibited mostly verbal utterances. Comparing very preterm and full-term children, results showed that children born preterm exhibited more preverbal production and less transitional forms and word combinations than their peers born at term (Mann-Whitney test results are also reported in Table 2).



TABLE 2. Descriptive data for children’s speech measures and Mann-Whitney tests comparing mothers of very preterm and full-term children.
[image: Table2]

Results of correlational analyses carried out to assess synchronic associations between maternal speech measures and children’s communicative repertoire variables within each group are shown in Table 3. Maternal use of semantically contingent utterances was associated with better children’s outcomes both in very preterm and full-term children. As a matter of fact, contingent utterances correlated negatively with children’s use of preverbal productions in both groups, and positively with one-word, transitional and combinational utterances in very preterm children, and with word combinations in full-term participants. Moreover, mothers’ use of expansions of children’s productions was significantly and positively associated with the use of one-word and transitional utterances in the very preterm group and, similarly, to the use of one-word utterances in children born at term. Maternal expansions were also negatively associated with the amount of preverbal productions in very preterm children. Finally, mothers’ use of imitations was observed as positively associated with very preterm children’s use of one-word utterances and negatively with their preverbal productions.



TABLE 3. Results of Spearman correlation performed between speech input measures and children’s speech measures for the very preterm and the full-term group.
[image: Table3]




DISCUSSION

This observational study represents one of the first attempts to examine maternal semantically contingent input directed to very preterm children. More specifically, the first aim was to investigate whether mothers differed in the verbal strategies they adopted in response both to their children focus of attention and spontaneous utterances depending on birth condition.

Overall, the results showed that, although mothers of both groups exhibited similar verbal productivity, those of very preterm children produced proportionally fewer semantically contingent utterances during interactions, compared to full-term mothers. Thus, even though the two groups of children were exposed to a similar maternal amount of maternal language, the linguistic input directed at very preterm children appeared to match to a lesser extent the ongoing topic of the interaction. Furthermore, this maternal interactive style did not appear to depend directly on children’s talkativeness, as no significant difference emerged between the two groups of children in the frequency of utterances per minute. This finding seems to be in line with some studies showing that mothers of preterm infants appear to be less able to establish an interactive symmetry, especially documented in the early stages of development. On this matter, mothers of preterm infants have been described as more intrusive and less synchronous during social exchanges with their infants, demonstrating poor competence in coordinating their interactive behaviors with the infant’s alertness (Greenberg and Crnic, 1988; Feldman and Eidelman, 2007; Salerni et al., 2007; Provasi, 2019).

However, very preterm children participating in the study, regardless of their verbal productivity, showed a different spontaneous communicative-linguistic repertoire than term children, mainly characterized by preverbal productions, while transitional forms and word combinations were less frequently produced. Therefore, their less advanced language skills may have affected the mothers’ opportunities to use some specific types of semantically contingent utterances in a relevant way. In fact, if we consider the various categories of semantically contingent utterances controlling, when appropriate, for the communicative and linguistic behaviors spontaneously produced by children, the only differences between the two groups of mothers are those referring to responsive labels and expansions. Specifically, mothers of preterm infants were less likely to provide verbal information that were semantically related to their children attentional focus and to follow infants’ preverbal or verbal productions by repeating them and adding syntactic or semantic information. Taken together, these findings suggest that the language environment to which preterm infants are exposed to has certain characteristics that make it less optimal for language development, as evidenced by studies that have found positive associations between measures of maternal semantically contingent language and infant language outcomes (Tamis-LeMonda et al., 2001, 2014; Vigil et al., 2005; Roseberry et al., 2014; Masek et al., 2021).

A similar pattern of relationships also emerged in the present study, in that mothers’ greater use of semantically contingent utterances corresponds to a children’s more advanced communicative-linguistic repertoire. In both very preterm and full-term children, this sort of maternal input is concurrently related to a lower spontaneous production of preverbal communicative behaviors and to a greater use of combinatorial utterances. Moreover, positive associations were found, in very preterm dyads only, between maternal semantically contingent utterances and one-word and transitional forms produced by children during interaction.

From the observed pattern of correlations, a particular role in this type of interrelations seems to be played by maternal utterances aimed at expanding children’s productions and, limited to very preterm children, imitating them, a result, the latter, in line with that found for Italian late talkers (Girolametto et al., 2002; Suttora et al., 2021). Both these linguistic strategies emphasize the communicative value of the child’s vocal/verbal productions and, at the same time, lead the child to focus his/her attention on a new stimulus inserted in an immediate and familiar linguistic context, thus facilitating the extraction of relevant information and enhancing child language development (Girolametto et al., 1999).

The lack of associations found between maternal responsive labeling and child language measures deserves a special consideration. Such a finding appears to be in contrast with previous empirical evidence in which labels produced within joint attention episodes promoted vocabulary learning, both in typically developing children and in those born preterm (Goldin-Meadow et al., 2007; Olson and Masur, 2015; Benassi et al., 2018).

In this regard, it is possible to hypothesize that in the developmental stage considered in this study, expressive language skills are more supported by contingent maternal responses to child productions, rather than by the simple exposure to the naming of objects or events that fall within the child’s attentional focus. In other words, although labeling may be considered a relevant strategy in the period when children need to learn the first vocabulary, its effectiveness may be reduced when the stage-specific task is to expand the productive vocabulary and verbally express semantic relations. In this case, children may benefit from a richer linguistic input.

Taken together, the results of this study provide evidence for an effect of mothers’ semantically contingent input on the variability of linguistic competences of children who are expanding their expressive lexicon and acquiring early combinatorial skills, confirming previous studies conducted with typically developing children and extending this evidence to children born very preterm (Tamis-LeMonda et al., 2001; Masek et al., 2021). From a theoretical point of view, then, this study supports a perspective of language acquisition that relies on an interaction between children’s processing mechanisms and the content of CDS they are exposed to.

In this sense, it is also important to acknowledge that the associations detected in this study do not necessarily represent direct influences of maternal input on the child’s language abilities. The results, in fact, can also be interpreted from the perspective of how the child influences the parent (Conti-Ramsden, 1990). Recent studies showed that very preterm infants are characterized by difficulties and delays in several areas of development, including psychomotor skills (Fuentefria et al., 2017), temperamental traits (Cassiano et al., 2020), and social-emotional competences (Yaari et al., 2018), which can impact on the overall quality of mother-infant interaction from early on. These possible sources of variation along with the continuous transactions, over time, between the child and his/her proximal environment might result in specific maternal behaviors and attitudes which reflected in different communicative and interactive styles.

At the same time, the pattern of highlighted associations suggests the relevance of considering maternal linguistic responsivity as a modular construct, as particular linguistic strategies may serve different functions and exert specific effects on children’s language at different stages of development (Bornstein et al., 2008). In this sense, considering maternal language responsiveness in a more differentiated way also allows for a better understanding of it in different populations, leading to the identification of specificities that would remain unnoticed if more global measures were used.


Implication for Clinical Practice

The interventions directed at promoting language development in populations of children with language delay (Heidlage et al., 2020) and of children with secondary linguistic issues (Pennington and Thomson, 2007; Weitzman, 2013) have been proven to be effective in supporting children language development. One basic aim of such interventions is to enhance parents’ responsiveness, making their input much more attuned to their children’s focus of attention and responsive to their communicative bids. This research suggests that special attention should be paid to parents’ provision of semantically contingent linguistic input, beyond the importance that structural features of language may take on. Furthermore, the findings point at the input provided to very preterm children, encouraging clinicians to set up projects and interventions aimed at ameliorating their language environment.



Limitations and Strengths of the Study

The study presents some limitations that should be considered. The first is that the sample is limited in terms of size which can lead to issues of generalization of the findings. However, given the peculiarity of the population in exam, i.e., very preterm children, the study should be considered exploratory in its aims. Another issue concerns the different distribution of firstborn children in the groups, with preterm children being mostly firstborn and full-term being equally distributed between first and laterborn. Even if we cannot rule out the effect of parity from the interpretation of our findings, previous literature reports that being firstborn represents a protective factor and not a risk for language development and for input exposure, as first-time mothers usually spend more quality time with their children than mothers of laterborn children. Findings documented that firstborns are often favored in their language development, showing an earlier lexical onset and greater lexical acquisition than laterborns (Hoff, 2003; Nafissi and Vosoughi, 2015). From these data, we can hypothesize that the lower level of semantically contingency found in mothers of very preterm children is most probably due to the peculiarity of this birth condition, rather than by parity, but still, new evidence is needed in support of this thesis.

Another limit that has to be acknowledged refers to the correlational design adopted which not allowed to disambiguate the direction of the associations between maternal and children’s measures. In this regard, longitudinal studies are needed to also investigate whether semantically contingent maternal input changes over time and to understand the different impact that specific indices may have at different developmental stages.

This study has some relevant strengths too. The first is represented by the detailed analysis of maternal and child speech performed, which provided rich information on the types of maternal input contingency and on the quality and quantity of children’s verbal utterances. Another point of strength is the choice of the target population of very preterm children. Literature highlights that children with higher degrees of immaturity, such as very preterm children, are at risk of developing a language delay (Sansavini et al., 2010, 2011); identifying those aspects that can support or rather further hinder their language development is pivotal for research and clinic.




CONCLUSION

The present work contributes with new data to the understanding of the role of maternal verbal input contingency in children communicative and linguistic development, with a specific focus on the effects of preterm birth on this topic. Overall, the study highlights that mothers of children born very preterm differ from full-term in the way they respond to their children’s communicative bids and use their verbal input to attune to their children’s ongoing focus of interest. In addition, our findings reveal that a higher use of semantically contingent utterances is associated with children’s more mature communicative repertoires. These findings suggest the opportunity to address parental speech contingency to implement intervention targeted at foster communicative and language development in very preterm children.
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Infant-directed speech (IDS), the particular form of spontaneous language observed in interactions between parents and their infants, is a crucial aspect of the mother-infant interaction and an index of the attunement of maternal linguistic input to her infant communicative abilities and needs during dyadic interactions. The present study aimed to explore linguistic and pragmatic features of IDS during mother-infant interactions at 3-month of infant age. The effects of infant (birth status: preterm vs. full-term birth), maternal (perceived parenting stress) and dyadic (dyadic co-regulation) factors on IDS were explored. Results evidenced few differences between the groups on IDS linguistic characteristics. Moreover, observing the interaction of birth status and dyadic co-regulation, full-term mothers varied their IDS pragmatic features according to the quality of co-regulation while preterm mothers did not. Parenting stress was associated to specific linguistic IDS features independently from the birth status. Findings are discussed underling implications for the study of preterm dyads interactions and the importance to consider the interplay of several factors in affecting the quality of IDS.
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INTRODUCTION

Infant-directed speech (IDS) is the particular form of spontaneous language observed in interactions between parents and their infants (Ferguson, 1964; Saxton, 2009; Saint-Georges et al., 2013). Compared to adult-directed speech (ADS), this type of verbal interaction is characterized by a simplification of speech demonstrated by fewer utterances, lexical and syntactic simplification, specific pragmatic functions, and emphasized prosody (see Soderstrom et al., 2008, for a review; Fernald and Simon, 1984; Genovese et al., 2020).

Characteristics of IDS and associations with infant development have been studied extensively over the last few decades. The specific vocal patterns and linguistic features of IDS are an important part of mother-infant interactions, and play a role in regulating and attracting infant attention, making linguistic input more apparent and salient to infants, and helping infant interpretation of the emotional signals of adult speakers (Saint-Georges et al., 2013; Spinelli et al., 2017). Decades of research have further elucidated the role of infant directed speech on facilitating co-regulated attention and affect during mother-child interactions, and the potential help to foster early language development (Ferguson, 1964; Soderstrom, 2007).

Patterns of child-directed speech have been observed from infancy to childhood (see for example Kitamura et al., 2001; Genovese et al., 2020), and have demonstrated patterns of stability and instability over time. Some characteristics of IDS, such as the prosodic features tend to be more stable, with minor variations over time (Kitamura and Burnham, 2003). Other features, (e.g., linguistic characteristics), appear to change over time (Bornstein et al., 1992; Ko, 2012), with mothers adjusting their speech to make it more complex and variable, in line with their infants and children’s increasing cognitive and communicative abilities (Genovese et al., 2020).

The specific features of IDS, its important role for infant and child development, its variations with infant age, make IDS a crucial aspect of the mother-infant interaction and an index of the attunement of maternal linguistic input to her infant and child communicative abilities and needs during dyadic interactions (Saint-Georges et al., 2013). While it is believed that IDS varies within the dyadic interaction according to the communicative needs and aims of the mother and infant communication, as well as among mothers according to maternal ability to attune to infant’s needs, most studies of IDS have focused on descriptive features of IDS and/or its associations with infants outcomes. The intra and inter-individual differences in IDS have been under-explored and is a current gap in the research.

The main aim of the present study is to contribute to this field of research by exploring how select individual and dyadic factors, previously associated with the quality of the mother-infant interaction, are also associated with IDS features. We examined these associations during the preverbal age of 3 months of age. This age is crucial for several reasons, first because the growing communicative abilities of the infant, i.e., vocalizations, smiles and movements, make him/her contribution to the interaction very relevant, second because at this age maternal voice is considered to be one of the main interactive modalities during dyadic face-to-face interactions, all of this resulting in moments of dyadic shared affect and attention (Stern et al., 1983; Lavelli and Fogel, 2013). We explored infant characteristics [i.e., infant’s birth condition, represented by preterm (PT) vs. full-term (FT) birth], maternal characteristics (i.e., maternal well-being, represented by mother’s levels of parenting stress), and dyadic characteristics such as the quality of dyadic co-regulation, and their associations with IDS characteristics (i.e., linguistic and pragmatic aspects).

Preterm birth–birth before the 37th week of gestational age—is a non-normative birth experience, associated with perturbations in several areas of newborn development. One area of developmental vulnerability centers on the communicative abilities of preterm infants. Compared to infants born full-term, preterm infants, especially during the first months of life, show different communicative abilities. PT infants are reported to be less reactive to social cues than FT infants, and manifest interactions characterized by lower attentional control (Bhutta et al., 2002; Clark et al., 2008), diminished alertness and responsivity (Goldberg, 1978; Goldberg and DiVitto, 1995), greater passivity, less initiation (Sajaniemi et al., 1998), increased irritability (Hughes et al., 2002; Larroque et al., 2005), and fewer expressions of positive affect (Garcia Coll et al., 1992). In addition, compared to their FT counterparts, PT infants are less interactive, and vocalize less in response to the utterances of their mother (Reissland and Stephenson, 1999).

These interactive difficulties complicate the social and affective exchanges between PT infants and their mothers, who may find the infant’s cues and reactions difficult to understand (Loi et al., 2017). There is some evidence to suggest that mothers of PT infants tend to look, smile, vocalize, affectionately touch them less often, and appear to be less competent at coordinating their social behaviors with the infant’s signals, compared to mothers of FT newborns (Forcada-Guex et al., 2006; Olafsen et al., 2006; Feldman and Eidelman, 2007; De Schuymer et al., 2011). However, there is also variability within the pattern of PT dyadic interactions, with not all mothers and PT infants showing the same interactional difficulties (Agostini et al., 2014; Sansavini et al., 2015; Neri et al., 2017). Underscoring this finding, a recent meta-analysis examining studies on maternal sensitivity of PT and FT mothers reported a general lack of evidence of group differences (Bilgin and Wolke, 2015).

Similar mixed findings have been reported by the few studies exploring differences in IDS between PT and FT mothers during dyadic interactions. Some studies found that mothers of PT infants demonstrated contingent vocalizations more frequently (Reissland and Stephenson, 1999), used more complex interrogatives (Reissland et al., 1999), and tended to interrupt silent pauses in the conversation more often (Salerni et al., 2007) than FT mothers. Other studies failed to find differences in IDS linguistic features between FT and PT dyads (i.e., mean lenght of utterance (MLU), type/token ratio, quantity of tokens and types per minute and frequency of utterances per minute (Salerni et al., 2007; Suttora et al., 2020a) and the total amount of speech (Adams et al., 2018).

It is thought that mothers of children born PT may need to modulate their interactions to the appropriate level of linguistic stimulation to avoid over- or underwhelming the PT infant’s communication and arousal regulation capacities (Suttora and Salerni, 2011). Some mothers might be more able to do that, others less able, not only because of the infant prematurity condition, but also because of specific maternal characteristics.

It is well known that the interactive difficulties of PT mothers are not homogeneous, but vary by conditions related to neonatal and maternal health. Interactional differences are attributed to both the level of neonatal risk, e.g., mothers of more at risk infants have demonstrated lower sensitivity to infants cues (Agostini et al., 2014; Bilgin and Wolke, 2015), and also to the level of maternal wellbeing. Preterm birth is a non-normative transition to motherhood characterized by the sudden interruption of pregnancy, the subsequent fear for and worry about the infant’s survival and health condition, and the experience of caregiving in the highly technological environment of the Neonatal Intensive Care Unit (NICU) for an extended time. These experiences can result in preterm mothers experiencing high levels of psychological distress (Coppola et al., 2007; Feldman and Eidelman, 2007; Spinelli et al., 2016). This heightened psychological distress might alter mothers’ perceptions and attitudes toward the infant, rendering her experience of parenting stressful and demanding. There is evidence suggesting that the majority of mothers of PT infants experience high levels of parenting stress (Brummelte et al., 2011; Gray et al., 2012), with associated negative impacts on the quality of dyadic interactions (Spinelli et al., 2013). Higher parenting stress has been associated with less attuned, less positive interactions, and more intrusive behaviors (Spinelli et al., 2013; Suttora et al., 2020b). To our knowledge, the associations between maternal emotional difficulties (e.g., parenting stress) and the quality of IDS in mothers of PT infants have not been examined, a gap in the science which this research will address.


The Present Study

While it is well described that PT birth poses a risk for suboptimal mother-infant interactions, the impact of preterm birth on the quality of dyadic interactions and maternal wellbeing varies. As a consequence, the quality of maternal verbal communication varies. Considering the role of IDS in infant development, there is a growing need to explore the interactive effects of preterm birth with other potential sources of variability in the quality of mother-infant interactions and their associations with maternal communicative behavior in IDS.

The aim of the present study was to explore the interactive effects of PT birth, maternal parenting stress, and the quality of dyadic co-regulation on the linguistic and pragmatic features of IDS. We considered dyadic co-regulation as a form of dyadic process that consider both the infant and the mother behaviors. Co-regulation refers to a form of coordinated action between participants that involves a continuous mutual adjustment of actions and intentions (Fogel and Thelen, 1987). We expected to find variability in IDS features which was associated with PT birth and maternal psychological characteristics. Specifically, since PT mothers are more at risk for psychological difficulties, we hypothesized that PT mothers IDS would be more affected by parenting stress, with PT mothers with higher parenting stress demonstrating IDS less appropriate to infant age characterized by, i.e., low quantity and variety of verbal interaction, more control sentences. Moreover, we expected to find PT and FT mothers using different patterns of IDS during moments of shared and un-shared co-regulated interactions, i.e., more control sentences and more complex speech during un-shared co-regulated patterns.




MATERIALS AND METHODS


Participants

One hundred and one mothers and their 3 month-old (corrected age for PT) infants (PT = 56 and FT = 55) participated in the study. Among those, 14 mothers of PT infants and 12 mothers of FT infants were excluded due to failure to complete study questionnaires (i.e., Parenting Stress Index). The final sample consisted of 86 dyads (PT = 42 and FT = 44).

Preterm infants born <37 weeks gestational age were included. Exclusion criteria for both preterm and full-term groups were the presence of genetic abnormalities, severe neurodevelopmental impairment, and/or neurosensory disabilities (e.g., blindness or deafness).

Most mothers (mean age: PT = 33.63, SD = 5.05; FT = 35.23, SD = 4.84) had a middle or high school level of education: 38.8% had a high school degree; 55.3% graduated college or had a master’s degree; 5.9% had less than a high school education. Preterm infants (43% Males; 78% First born) and FT infants (59% Males; 66% First born) had a mean gestational age of 30.71 (SD = 2.63) and 39.41 (SD = 1.18) weeks, and a mean birth weight of 1,379 (SD = 437.92) and 3,397 (SD = 406.97) grams, respectively. All infants were singletons.



Procedure

Mothers were invited to participate with their infant in a videotaped observational session when their infant was 3 months old (for preterm infants the corrected age was used). FT dyads were recruited via public services and advertisements, PT dyads were recruited by nurses and doctors of the hospital where they were born. All mothers completed and signed a consensus form before participation. The session consisted of 3 min of face-to-face interaction with the infant seated on an infant seat, and the mother seated directly in front of the infant, facing a mirror which was located behind the infant’s seat so that both partners’ faces could be clearly seen. After a brief introduction, mothers were asked to interact with their infants, as they would do at home.

After the interactive episode, mothers were asked to complete the short version of the Parenting Stress Index. Each session was entirely transcribed according to the CHAT transcription system (Codes for the Human Analysis of Transcripts) of the CHILDES computational system (Child Language Data Exchange System) (MacWhinney, 2000).

The study was approved by the Ethical Committee of the Department.



Coding and Measures


Dyadic Co-regulation

Mother–infant interactions were coded using the Revised Relational Coding System (Fogel et al., 2003) to capture the quality of the interactive involvement between mothers and infants. The whole interaction was coded. The quality of dyadic behaviors ranges from the absence of orientation of one partner to the other, to the mutual and continuous adjustment of their respective actions.

The coding system includes five global categories of communicative interactions: unilateral, asymmetrical, symmetrical, disruptive, and unengaged. In the present study we considered the global categories of symmetrical co-regulation (characterized by both partners adjusting their communicative actions to the continuously changing actions of the partner, and engaging in active, mutual engagement, and sharing experience via vocal and non-vocal behaviors) and unilateral co-regulation (characterized by only one partner trying to engage the other, while the other is absorbed in their own activity and failing to pay attention to the partner, or respond to the partner’s initiations).

The co-regulation patterns were coded every second from the videotapes by a trained coder, using the Mangold Interact 18 software. The relative total duration of each pattern was computed. An independently trained coder processed 25% of the sessions to compute inter-observer reliability. The Kappa values were 0.86 for symmetrical co-regulation and 0.94 for unilateral co-regulation.



Parenting Stress

Mothers were asked to complete the PSI-Short Form questionnaire (PSI-SF; (Abidin, 1995)). The PSI-SF is a commonly used questionnaire designed to measure stress in the parent-child system and to identify caregivers that are most in need of support. The PSI-SF includes 36 items rated from 1 to 5 on a Likert scale (1 = strongly disagree; 5 = strongly agree), and consists of three subscales, of 12 items each: Parental Distress (PSI-PD), Parent-Child Dysfunctional Interaction (PSI-P-CDI) and Difficult Child (PSI-DC). High values indicate more parenting stress. For the present study, the Parental Distress subscale was used (Cronbach’s α: PD = 0.86). This scale explores the stress related to the parent’s perception of her/his child-rearing competences, the level of spousal conflicts or support, and the restrictions placed by parental role. Item mean scores were calculated by dividing the sum of item scores by the number of items comprising that scale.



Infant-Directed Speech: Linguistic Features

Maternal vocal productions were coded in order to analyze:


-Verbosity: Rate per minute of utterances, word types and tokens (Phillips, 1973; Henning et al., 2005).

-Lexical variability: Type/token ratio (TTR), which is a ratio of the number of types to tokens (Johnson, 1944; Broen, 1972; Phillips, 1973).

-Syntactic complexity: MLU, which is a ratio of the total number of words spoken to the total number of utterances (Snow, 2009).





Infant-Directed Speech: Pragmatic Features

In order to classify the pragmatic meaning of maternal productions, these were divided into the following categories and the percentages for each category over the total number of utterances considered were calculated (Longobardi, 1992):


-Conversational: Sentences used to promote and maintain the conversation with the infant (i.e., emphatic sentences and comments “You look happy,” open questions “What are you looking at?”, comments on the present/past activity of the infant “We are playing together”).

-Control: Sentences used to re-orient infant attention, to direct infant attention toward something (i.e., direct requests “Speak to me,” claiming infant attention “Ehy, look at me”).

-Preverbal: Sounds and sentences using typical baby-talk words, repetition of infant’s sounds.






Analyses Plan

We first computed descriptive statistics and bivariate correlations among study variables in the full sample and separately in the two groups. The two birth groups were compared for mean values along the investigated variables. Afterward, to explore the single and additive role of birth status, dyadic co-regulation and parenting stress, and the interplay between dyadic co-regulation and parenting stress with birth status on IDS characteristics, we estimated and compared several multivariate models and then explored parameters of the best selected model More specifically, pertaining to predictors, first birth status was included in the model. Then, we considered the additive role of the psychological variables investigated (co-regulation and parenting stress). Finally, we included the interaction term between birth status and each of the dyadic/maternal variables considered to see if co-regulation and parenting stress differently predicted IDS depending on birth status. The Akaike Information Criterion (AIC) was used for model comparison, with lower values providing more support to a model against the others. The first group of multivariate models included as outcome variables IDS linguistic characteristics (verbosity, TTR and MLU), and then we considered IDS pragmatic characteristics (conversational, control and preverbal sentences) Regression parameters were explored for the best fitting model. Analyses were run using the statistical software R, using Lavaan package.




RESULTS


Descriptive Statistics

Means, SDs, and correlation values among variables of interest in the full sample are reported in Table 1. Within the IDS features, we observed significant correlations as expected. Symmetrical co-regulation was negatively associated with unilateral co-regulation as expected (r = −0.56). Parenting stress was positively associated with TTR, and MLU (r = 0.28 and r = 0.22, respectively).


TABLE 1. Descriptive and bivariate correlations for the full sample.
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Exploration of bivariate associations among investigated variables run separately for the two birth status groups (see Table 2) suggested that IDS linguistic characteristics were strongly associated with Parenting Stress in the FT group, but not in the PT group. More stressed FT mothers were observed to speak less (verbosity: r = −0.37) and demonstrated higher lexical variability and syntactic complexity (TTR: r = 0.34, MLU: r = 0.36). Similarly, IDS pragmatic characteristics were significantly associated with Unilateral and Symmetrical co-regulation only in the FT group. Mothers of FT infants pronounced less conversational and more controlled sentences when the dyad spent more time in unilateral co-regulation (r = −0.34 and r = 0.52, respectively) and mothers used less control sentences when the dyad spent more time in symmetrical co-regulation (r = −0.44).


TABLE 2. Descriptive and bivariate correlations in the preterm (above the diagonal, n = 42) and full-term (below the diagonal, n = 44) groups.
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The One Way ANOVA evidenced only few differences between PT and FT groups. When speaking to their infants, mothers of PT infants, talked less [verbosity: F(1,84) = 26.45, p < 0.001], demonstrated higher syntactic complexity [MLU: F(1,84) = 6.37, p = 0.01], more conversational and less preverbal sentences [F(1,84) = 5.67, p = 0.02 and F(1,84) = 3.91, p = 0.05, respectively] than FT mothers. Concerning parenting stress [F(1,84) = 0.49, p = 0.21] and dyadic co-regulation [unilateral: F(1,84) = 0.78, p = 0.38; symmetrical: F(1,84) = 1.27, p = 0.26], no differences emerged between the groups.



Multivariate Regression Models


Birth Status and Unilateral Co-regulation on Infant-Directed Speech Linguistic Characteristics

Comparison of multivariate regression models (see Table 3) demonstrated that model 2 (which included birth status and dyadic unilateral co-regulation as single effects) outperformed the other models. Standardized estimates of model 2 are reported in Table 4. Only regression parameters of the effect of birth status were significant at p < 0.05, except for the role of birth status on TTR. Results showed that mothers of PT infants spoke less (verbosity: β = 0.97, p < 0.001), and with lower syntactic complexity (MLU: β = −0.52, p = 0.007) than mothers of FT infants. None of the parameters regarding the effect of unilateral co-regulation were significant.


TABLE 3. Model comparison, effects of birth status, and dyadic co-regulation: AIC.
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TABLE 4. Multivariate analysis on IDS linguistic and pragmatic characteristics: Standardized estimated parameters of models 2 and 3, respectively.
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Birth Status and Unilateral Co-regulation on Infant-Directed Speech Pragmatic Characteristics

Comparison of multivariate regression models (see Table 3) demonstrated that model 3 (which included birth status, dyadic unilateral co-regulation and their interaction) outperformed the other models. Standardized estimates of model 3 are reported in Table 4. Regression parameters of the interaction effect were significant at p < 0.05 for conversational (β = −28.20, p = 0.021) and control sentences (β = 35.95, p = 0.001) (see Table 4). As represented in Figure 1, the more time the dyad spends in unilateral co-regulation, the more likely FT mothers are to reduce the quantity of conversational sentences while PT mothers continue using a high percentage of conversational sentences. Conversely, the more time the dyad spends time in unilateral co-regulation, the more likely FT mothers are to use control sentences, while PT mothers do not vary in the amount of control sentences pronounced (see Figure 2).


[image: image]

FIGURE 1. Interaction among birth status and unilateral co-regulation on IDS conversational pragmatic sentences. PT, preterm; FT, full-term.
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FIGURE 2. Interaction among birth status and unilateral co-regulation on IDS control pragmatic sentences. PT, preterm; FT, full-term.




Birth Status and Symmetrical Co-regulation on Infant-Directed Speech Linguistic Characteristics

Comparison of multivariate regression models (see Table 3) demonstrated that model 1 (which included only birth status as a single effect) outperformed the other models. Standardized estimates of model 1 are reported in Table 5. Regression parameters of the effect of birth status were significant at p < 0.05, except for the role of birth status on TTR. Results showed that mothers of PT infants spoke less (verbosity: β = 0.97, p < 0.001), and with lower syntactic complexity (MLU: β = −0.50, p = 0.011) compared with mothers of FT infants. None of the parameters regarding the effect of symmetrical co-regulation were significant.


TABLE 5. Multivariate analysis on IDS linguistic and pragmatic characteristics: Standardized estimated parameters of models 1 and 3, respectively.
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Birth Status and Symmetrical Co-regulation on Infant-Directed Speech Pragmatic Characteristics

Comparison of multivariate regression models (see Table 3) demonstrated that model 3 (which included birth status, dyadic symmetrical co-regulation and their interaction) outperformed the other models. Standardized estimates of model 3 are reported in Table 5. Regression parameters of the interaction effect were significant at p < 0.05 for control (β = −44.74, p = 0.010) and preverbal sentences (β = 27.44, p = 0.042) (see Table 5). As represented on Figure 3, the more time the dyad spends time in symmetrical co-regulation, the less FT mothers use control sentences, while PT mothers do not vary in the amount of use of control sentences. Conversely, the more time the dyad spends time in symmetrical co-regulation, the more likely FT mothers are to increase the quantity of preverbal sentences, while PT mothers continue using a low percentage of preverbal sentences (see Figure 4).
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FIGURE 3. Interaction among birth status and symmetrical co-regulation on IDS control pragmatic sentences. PT, preterm, FT, full-term.
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FIGURE 4. Interaction among birth status and symmetrical co-regulation on IDS preverbal pragmatic sentences. PT, preterm, FT, full-term.




Birth Status and Parenting Stress on Infant-Directed Speech Linguistic Characteristics

Comparison of multivariate regression models (see Table 6) showed model 2 (which included birth status and parenting stress as single additive effects) outperformed the other models. Standardized estimates of model 2 are reported in Table 7. All regression parameters were significant at p < 0.05 except for the role of birth status on TTR. Results showed that mothers of PT infants spoke less (verbosity: β = 1.03, p < 0.001), and demonstrated lower syntactic complexity (MLU: β = −0.56, p = 0.003) than mothers of FT infants. Moreover, for both PT and FT groups, mothers with higher levels of parenting stress spoke less (verbosity: β = −0.40, p = 0.012), and demonstrated higher lexical variability (TTR: β = 0.045, p = 0.005) and higher syntactic complexity (MLU: β = 0.443, p = 0.008).


TABLE 6. Model comparison, effects of birth status and parenting stress: AIC.

[image: Table 6]

TABLE 7. Multivariate analysis on IDS linguistic and pragmatic characteristics: Standardized estimated parameters of models 2 and 1, respectively.
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Birth Status and Parenting Stress on Infant-Directed Speech Pragmatic Characteristics

Comparison of multivariate regression models (see Table 6) demonstrated that model 1 (which included birth status as single effect) outperformed the other models. Standardized estimates of model 1 are reported in Table 7. All regression parameters were significant at p < 0.05 except for the role of birth status on control sentences. Results showed that for mothers of PT infants, IDS was characterized by more conversational (β = −7.68, p = 0.016) and less preverbal (β = 4.52, p = 0.045) sentences compared with mothers of FT infants.





DISCUSSION

The present study aimed to explore the intra- and inter-individual differences of the linguistic and pragmatic features of IDS, directed to 3-month-old full-term and preterm infants. We found evidence of interactive effects between individual (infant and maternal) and dyadic factors, on IDS characteristics. Recognizing that birth status (i.e., preterm birth) is an important condition affecting the infant, mother and dyad (Spinelli et al., 2013, 2016; Poehlmann-Tynan et al., 2015), we chose to examine patterns of IDS of mothers of PT and FT infants, and their associated predictors. It is well described that in the first year of life, PT infants manifest interactive difficulties, especially related to the communicative and regulatory aspects of infant’s interaction with the environment (Goldberg and DiVitto, 1995; Sajaniemi et al., 1998). For this reason, mothers of PT infants are expected to adapt their interactive style so as not to over- or under- stimulate the infant (Feldman and Eidelman, 2007). Our findings regarding group differences evidenced that, during face-to-face interactions, mothers of PT infants spoke less, and vocalized with higher syntactic complexity, with the use of more conversational sentences and less preverbal sentences than mothers of FT infants. The linguistic and pragmatic features of IDS in mothers of PT infants are suggestive of a more complex pattern of IDS, evidenced by a less-talkative interactive style. This syntactic complexity is typically manifest in IDS directed to older infants, because this pattern of communication is more difficult to follow for a younger infant (Suttora and Salerni, 2011; Genovese et al., 2020). At 3 months, when infants have a limited ability to follow conversational exchanges, more complex sentences might result in less proto-conversational dyadic exchanges because the infant has less opportunities to vocalize in response to the sound of maternal voice. We have some possible explanations for these findings. Regarding PT dyads, one possibility is that this interactive style is related to the PT infant’s communicative difficulties, resulting in a lower responsiveness to the mother’s vocalizations. When experiencing less feedback from their PT infant, these mothers might therefore speak in a more complex way, because they don’t expect a consistent participation of the infant during their vocal exchanges. At the same time, they leave more silent moments in which the infant has the space he/she need to respond to IDS stimulation. To better examine this possibility, future studies should consider the reciprocal influence of PT infants vocal and interactive responses to maternal IDS.

Regarding the role of dyadic co-regulation and IDS in PT versus FT infants, we found no differences between the groups concerning the quality of the dyadic, symmetrical and unilateral, co-regulation. Expressed differently, our results suggest that different patterns of IDS (between FT and PT) are not associated with fewer moments of co-regulated attention and affect. This is relevant because many studies considered the interactive qualities of PT mothers to be under- or over-stimulating, which was presumed to be suboptimal compared to what was observed in typical FT mothers (Forcada-Guex et al., 2006). However, the lack of differences in co-regulation between FT and PT groups suggests that the interactive vocal communication of PT mothers may be just as effective in contributing to the creation of dyadic shared moments. We hypothesize that this pattern of maternal vocalizations is a part of a specific interactive style that is attuned to the communicative and interactive abilities of PT infants, although this is an area in need of further research. While most studies have focused on difference between PT and FT dyads, with the aim to evaluate the adequacy with FT dyads as comparisons, future research should focus on describing the specific characteristics of PT dyads as probably mothers’ adaptations to the specificities of premature birth condition, and on exploring within PT dyads differences in associations with later child development outcomes (Poehlmann-Tynan et al., 2015).

One notable difference emerged between the groups when exploring how mothers vary their IDS with respect to the time spent in co-regulated interaction. We observed that the duration of shared versus un-shared moments was associated with different pragmatic features of IDS in FT, but not PT, mothers. In FT dyads, the greater time spent in moments of un-shared attention and affect (i.e., unilateral co-regulation) was associated with an IDS characterized by reduced conversational and increased control sentences. Conversely, the greater time spent in shared moments of attention and affect (i.e., symmetrical co-regulation) was associated with increased use of preverbal, and decreased use of control sentences. Conversational sentences have, as its primary purpose, to keep open the communicative channels between two individuals when they are engaged in the same subject or are having a shared emotional experience. This is manifest by, for example, making comments, offering compliments, and asking open-ended questions. In contrast, control sentences are used to redirect, modify, and capture the attention of another when the other individual is focused on something different. This is manifested by, for example, calling or giving orders (Longobardi, 1992). Consistently, FT mothers who lose more the attention of their infants, reduce more the quantity of comments and open questions, and use a conversational style to try to elicit the infant’s attention again. On the other hand, when experiencing more moments of co-regulated attention and affect, FT mothers tend to use fewer control sentences and more preverbal sentences, with IDS characterized by repeating the infant’s vocalizations, singing, or making animal sounds. What we observed is that FT mothers demonstrate the ability to adapt their IDS to the quality of dyadic co-regulation, whereas this adaptability is not present in PT mothers. Of note, the pragmatic features of PT mothers’ IDS did not vary according to dyadic co-regulation. One possible explanation for this finding is that PT mothers are less flexible in using verbal communication as an interactive modality to elicit or maintain infant attention, and preferentially use other interactive modalities (e.g., touch) instead (Wigley et al., 2022). This may be partially attributed to the more ambiguous and less frequent vocal feedback received from the infant. Before labeling this lack of variation of IDS as suboptimal, it would be helpful to observe whether this pattern of interaction is observed at other ages, when infants are expected to be more vocally interactive, and whether there are associations with later infant development outcomes. Further qualitative investigation may be needed on the comparison between PT and FT dyadic communication to better describe their specificities. Moreover, moment by moment analyses of IDS features as well as sequential analyses would help understanding how mothers adapt their IDS over time and according to changes in the quality of co-regulation patterns.

Consistent with previous studies, we did not find differences in parenting stress between the two groups (Gray et al., 2012; Suttora et al., 2020b). The experience of a preterm delivery, even if it was potentially traumatic for mothers, did not result in higher self-reported parenting stress in mothers of PT infants compared to mothers of FT infants at 3 months of age (Gray et al., 2012). When exploring the effect of parenting stress and birth status on IDS, the multivariate models demonstrated no interactive effects of stress with birth status, suggesting that the perceived parenting stress has similar effects in FT and PT groups. In both FT and PT groups, mothers who reported perceiving their parenting role as a stressful experience, demonstrated lower verbosity, higher lexical variability, and higher syntactic complexity. This less simple IDS is more typical of conversations directed to adults or to older children and might be considered a lower ability to connect and attune to the infant needs and communicative abilities (Genovese et al., 2020). Parenting stress might therefore be considered a maternal wellbeing risk factor which affects the quality of linguistic input. Long-term consequences of this effect should be examined in future studies. Since the linguistic characteristics of IDS have been associated with infants’ and children’s language development (Soderstrom, 2007), this raises the possibility that higher levels of parenting stress may also reduce the positive impact of IDS on language development.

We would like to acknowledge some limitations of the current study. First, while our results were relevant, our sample sizes were not big and we included only 3-month-old infants. A larger sample followed longitudinally would have allowed us to explore additional interactive effects. An additional limitation is that our PT sample was quite homogeneous, composed of low-risk PT infants and of well educated low-risk mothers. Additional research should examine these associations in a more at-risk population of preterms to identify differential effects both at maternal, infant, and dyadic levels. With a larger and more at-risk sample, also the associations of IDS with the other co-regulation patterns, i.e., asymmetrical and unengaged, could be explored. Further studies should also consider the paternal dyadic communication and explore if these findings are replicable in father-infant dyads. Lastly, we did not explore infant vocal communication during the interaction. This information, as well as the inclusion of non-verbal infant and maternal cues, would help interpret our findings and should be the focus of future studies.

Despite these limits, this study presents several strengths. To the best of our knowledge, this is the first study to examine infant, maternal, and dyadic factors and their associations with characteristics of IDS. This study highlights the need to go beyond exploring IDS effects on language development, and to consider its potential importance when exploring the quality of dyadic interaction and its role in sharing attention, affect and meaning between the mother and the infant (Saint-Georges et al., 2013). Our results could be useful in structuring interventions aimed to promote PT dyads quality of interaction. Knowing the specific characteristic of PT mothers’ vocal communication could help defining more appropriated and well-designed interventions by helping mothers adapt their IDS to the specificities of infant communicative abilities in order to promote positive linguistic, attentive and affective outcomes.
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In many communities around the world, speech to infants (IDS) and small children (CDS) has increased mean pitch, increased pitch range, increased vowel duration, and vowel hyper-articulation when compared to speech directed to adults (ADS). Some of these IDS and CDS features are also attested in foreigner-directed speech (FDS), which has been studied for a smaller range of languages, generally major national languages, spoken by millions of people. We examined vowel acoustics in CDS, conversational ADS, and monologues directed to a foreigner (possible FDS, labeled MONO here) in the Towet dialect of the Papuan language Nungon, spoken by 300 people in a remote region in northeastern Papua New Guinea. Previous work established that Nungon CDS entails optional use of consonant alteration, special nursery vocabulary, and special morphosyntax. This study shows that Nungon CDS to children aged 2;2–3;10 lacks vowel hyper-articulation, but still displays other common prosodic traits of CDS styles around the world: increased mean pitch and pitch range. A developmental effect was also attested, in that speech to 2-year-olds contained vowels that were significantly longer than those in speech to 3-year-olds, which in turn had vowels of similar duration to those in Nungon ADS. We also found that Nungon FDS vowel triangles, measured from monologues primarily directed to a non-native speaker, were significantly larger than those of either CDS or conversational ADS, indicating vowel hyper-articulation. The Nungon pattern may align with the patterns of vowels in Norwegian IDS, CDS, and FDS, where hyper-articulation is found in FDS, but not CDS or IDS. The languages of the New Guinea area constitute 20% of the world's languages, but neither an acoustic comparison of vowels in CDS and ADS, nor an acoustic study of FDS, has previously been completed for any language of New Guinea. The function of an FDS style in a small, closed community like those of much of New Guinea may differ from that in larger societies, since there are very few non-native speakers of Nungon. Thus, this study uses monologues recorded with a foreign researcher as interlocutor to study Nungon FDS.
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Introduction

In many communities around the world, speech directed at infants (IDS) and young children (CDS) involves special acoustic and prosodic features, compared with adult-directed speech (ADS). Among the special acoustic and prosodic features frequently attested in IDS/CDS styles are: increased mean pitch and increased pitch range (Fernald et al., 1989), longer vowel durations (Swanson et al., 1992 found this especially for English content words, not function words), and vowel hyper-articulation, usually understood to involve an expanded vowel space (most often calculated using the first and second formant frequencies of the vowels /i/, /a/, and /u/; Kuhl et al., 1997; Burnham et al., 2002; Uther et al., 2007; Lam and Kitamura, 2008). These acoustic and prosodic modifications may change with children's age and development, as seen, for instance, in differences in caregiver vowel spaces in Cantonese IDS to children of different ages (Stern et al., 1983; Kitamura et al., 2002; Kitamura and Burnham, 2003; Englund and Behne, 2006; Rattanasone et al., 2013). The magnitude of increase in CDS mean pitch and pitch range, relative to ADS, may decrease after the first year or two of life (Garnica, 1977; Stern et al., 1983; Warren-Leubecker and Bohannon, 1984), but Warren-Leubecker and Bohannon (1984) found that American English-speaking mothers (but not fathers) still used elevated pitch in CDS to 5-year-old children.

Perhaps the most controversial proposed feature of IDS/CDS, with the greatest number of counter-examples in the literature, is vowel hyper-articulation (Cristia and Seidl, 2014). The IDS/CDS vowel space has been found to be larger than in adult-directed speech (ADS) for: American, Australian, and British English (Kuhl et al., 1997; Burnham et al., 2002; Uther et al., 2007; but see Green et al., 2010), Russian (Kuhl et al., 1997), Mandarin (Liu et al., 2003), Spanish (García-Sierra et al., 2021), Swedish (Kuhl et al., 1997; but see Van de Weijer, 2001), and Japanese (Andruski et al., 1999; but see Martin et al., 2015; Miyazawa et al., 2017). However, for other languages, not only has no expansion of the vowel space in IDS/CDS relative to ADS been demonstrated, but rather a reduction of the vowel space has been shown. For instance, Rattanasone et al. (2013) found that the vowel triangle (formed from the three “corner” vowels, /i/, /a/, and /u/) for Cantonese speech addressed to 3-month-old infants was significantly smaller than that for ADS, suggesting hypo-articulation of IDS vowels at that stage. A marked reduction of the vowel space in IDS/CDS relative to ADS is also attested for Dutch (Benders, 2013), German (Audibert and Falk, 2018), and Norwegian (Englund and Behne, 2006).

Postulated functions of the special acoustic and prosodic features of IDS and CDS can be divided into three main categories (Grieser and Kuhl, 1988; Cooper et al., 1997; Singh et al., 2002; Uther et al., 2007): (a) obtaining infants'/children's attention (especially through expanded pitch range; Fernald and Simon, 1984); (b) expressing positive affect and establishing an emotional bond (especially through increased mean pitch: Werker et al., 1994; Trainor et al., 2000; Singh et al., 2002); (c) aiding children in the task of language learning (especially through vowel hyper-articulation: Kemler Nelson et al., 1989; Singh et al., 2008; Song et al., 2010). Further investigation of vowel hyper-articulation has demonstrated that its application often relates to the speaker's perception of the listener's linguistic abilities (Burnham et al., 2010; Rice and Burnham, 2010; Lam and Kitamura, 2012); indeed, Xu et al. (2013) found that vowel space area in the speech of Australian English-speaking mothers increased from ADS to an unfamiliar adult to speech directed to a dog, to speech directed to a parrot with the ability to repeat speech, to IDS.

Burnham et al. (2002) and Uther et al. (2007) explored the possibility that a speaker's relationship with various types of interlocutors, including children and unfamiliar adults, but also foreign adults and even pets, could predict which types of special acoustic and prosodic features were applied. Burnham et al. (2002) showed that Australian English-speaking mothers addressed their pets and infants with similar degrees of increased pitch and affect, compared with when they addressed unfamiliar adults, but that only the mothers' speech to infants (not to pets or unfamiliar adults), featured vowel hyper-articulation (presumably a didactic feature of IDS). Uther et al. (2007) followed Burnham et al. (2002), but replaced pets with non-native English speakers. They showed that British English-speaking mothers addressed infants and foreigners with similar degrees of vowel hyper-articulation (presumably for didactic effect), but that speech to foreigners (FDS) lacked the increased mean pitch of IDS, indicating an absence of affective prosodic modification, relative to speech to native-speaker adults.

Indeed, since at least the 1970s, IDS and CDS have been compared with foreigner-directed speech styles (FDS: Ferguson, 1975; Freed, 1981a,b), and some authors even considered FDS to “derive” from IDS/CDS (DePaulo and Coleman, 1986). Similar acoustic and prosodic features have been claimed for FDS as for IDS/CDS, including longer vowel durations and/or slower speech rates, and vowel hyper-articulation. These features are also often claimed for a more general “clear speech” style that speakers may produce in noisy environments, when interacting with the hearing-impaired, when reading out loud, and when asked to enunciate clearly (Uchanski, 2005). FDS in both spoken and signed languages has further been described as involving fewer sandhi effects than speech to native-speaking adults (Henzl, 1979; Swisher, 1984; Tweissi, 1990). Gesture accompanying spoken French and Dutch FDS in Belgium has been shown to involve modifications, relative to gesture to native-speaking adults (Prové et al., 2022). But the acoustic and prosodic properties of FDS have not been studied comprehensively for all languages for which IDS/CDS data are available.

Comparisons of FDS with speech to native-speaking adults have shown slower FDS speech rates, sometimes with more pauses, for: English (Henzl, 1979; Ulichny, 1979; Warren-Leubecker and Bohannon, 1982; Wesche and Ready, 1985; Bobb et al., 2019; but see Arthur et al., 1980; Kühnert and Antolík, 2017), Czech (Henzl, 1973, 1979), French (Kühnert and Antolík, 2017, but see Wesche and Ready, 1985), German (Henzl, 1979), and Jordanian Arabic (Tweissi, 1990). Several studies found that English foreigner-directed speech (in the U.S., Scotland and England) featured vowel hyper-articulation, relative to speech directed to native-speaker adults (Knoll and Scharrer M., 2007; Scarborough et al., 2007; Uther et al., 2007; Knoll et al., 2009; Hazan et al., 2015; Bobb et al., 2019), but other studies on English did not yield this result (Knoll and Scharrer M. A., 2007; Knoll et al., 2015). In Norwegian (Sikveland, 2006) and Omani Arabic (Al-Kendi and Khattab, 2019; Al-Kendi, 2020, pp. 221–233), FDS has been found to feature increased first formant (F1) values for corner vowels, indicating a more open mouth and/or increased vocal effort (Ferguson and Kewley-Port, 2002). Exploration of pitch modifications in FDS compared with native-speaker ADS has yielded mixed results: from no modifications in British English FDS (Uther et al., 2007) to increased mean pitch in Omani Arabic FDS (Al-Kendi and Khattab, 2019).

Several studies have compared acoustic and prosodic features of IDS or CDS with those of FDS and native-speaker-directed ADS, resulting in mixed findings. In an early study in which Mandarin speakers simulated speech to babies, foreigners, and native-speaker adults, pitch contours in the simulated IDS and FDS differed (Papoušek and Hwang, 1991). Uther et al. (2007) showed that British FDS lacked the increased mean pitch, wider pitch range, and longer vowel durations evinced by British IDS relative to ADS, but that IDS and FDS had similar degrees of vowel hyper-articulation (also found by Kangatharan, 2015). Bobb et al. (2019) found that simulated IDS and FDS by speakers of American English showed significant differences in mean pitch (IDS > FDS), but not pitch range. Biersack et al. (2005) found that British English speakers produced longer vowels when addressing imaginary children, but longer pauses, rather than vowels, when addressing imaginary foreign adults, but this finding was not replicated by Uther et al. (2007), using naturalistic data. Knoll and Scharrer M. A. (2007) were unable to replicate the vowel hyper-articulation finding of Uther et al. (2007) using simulated IDS, ADS, and FDS interactions by undergraduate native speakers of British English, but did successfully replicate Uther et al.'s findings when the simulation was by actresses (Knoll et al., 2009, 2011). Lorge and Katsos (2019) compared simulated recipe explanations by English monolinguals and bilinguals directed to a 10-year-old child, a native English speaker, and a non-native English speaker; CDS to the 10-year-old child featured higher mean pitch, increased pitch range, and vowel hyper-articulation than ADS, while FDS featured a slower speech rate than ADS. Only the bilinguals also used vowel hyper-articulation in FDS.

IDS and CDS styles that differ lexically, acoustically, and/or prosodically from ADS styles are widespread and found in diverse communities around the world. But it has been claimed that some communities employ no special speech styles when addressing infants and young children; one of these purported exceptions is the Kaluli speech community of Papua New Guinea (Schieffelin, 1990). The languages of the New Guinea region constitute 20% of languages in the world today (Palmer, 2017), and therein, those of Papua New Guinea constitute at least 10% of languages in the world (Kik et al., 2021). If the absence of a special IDS or CDS style is an areal feature, a sizable proportion of the world's speech communities could lack such a style. Recent research into child language development in other communities of Papua New Guinea (listed in Hellwig et al., Forthcoming) has successfully identified various special qualities of IDS or CDS, including nursery lexicon (Aikhenvald, 2008; Stebbins, 2011; Sarvasy, 2017, 2019), consonant alteration (Schieffelin and San Roque, forthcoming; Rumsey, 2017; Sarvasy, 2019) and pitch modification (Frye aus Schwerte, 2019). To date, however, IDS or CDS in any language of Papua New Guinea has not been thoroughly analyzed acoustically, relative to conversational ADS in the same language (Sarvasy et al., 2019 is a pilot study on which the current study builds). Indeed, since Kaluli adults are said to maintain that children should hear only well-formed speech, to learn to speak correctly (Schieffelin, 1990), it could be the case that Kaluli adults, although possibly not employing modified lexical or other grammatical features in speech to children, do practice vowel hyper-articulation, to ensure that children are exposed to proper speech sounds.

Most of the literature on FDS, including its acoustic and prosodic features, targets major world languages, spoken in industrialized countries by literate communities. The notion that vowel hyper-articulation is a basic feature of FDS remains to be validated with data from small speech communities without traditions of literacy, where daily life may involve interactions only with known members of a small, closed community (cf. Wray and Grace, 2007). The languages of Papua New Guinea, which represent an outsized portion of the world's total, are overwhelmingly spoken by fewer than 10,000 speakers each, often in this type of closed community (Kik et al., 2021). If people rarely interact with non-native speakers of their language, one might assume that they might not employ a uniform FDS style.

In this study, we examine acoustic features of vowels in CDS, ADS, and speech that may be termed FDS, since it was directed at a non-native speaker (but could also be considered to exemplify a more general story-telling performative style), in the Towet dialect of the Papuan language Nungon, spoken by about 300 people in remote Towet village in the Uruwa River valley in NE Papua New Guinea (Sarvasy, 2017).

Previous work established that Nungon CDS involves several optional features that differentiate it from ADS: nursery lexicon, consonant alteration, and special morphosyntax (Sarvasy, 2019, 2020, 2021a). These features are evident in speech to infants and in speech to children of up to 3 years and even older. But the degree to which Nungon CDS vowels can be said to differ acoustically from ADS was not examined in previous studies, which also did not examine prosodic features of CDS, relative to ADS. Case studies of child acquisition of Nungon morphosyntax established that morphosyntactic complexity (verbal inflections, length of complex sentences, use of complex predicates) in the speech of two children increased substantially from about 3 years of age. By the same measures, morphosyntactic complexity in CDS to the same children also increased from when the children were about 3 years old (Sarvasy, 2019, 2020, 2021a). Further, a special Nungon morphosyntactic alteration found only in young children's speech, IDS, and CDS (not ADS) declines markedly in frequency in maternal CDS to children of about 3 years of age or more (Sarvasy, 2019). Nungon-speaking parents thus seem to exhibit “fine-tuning”—adjusting their own speech to the child's perceived cognitive and linguistic sophistication (Bohannon III and Marquis, 1977; Soderstrom, 2007)—in the morpho-syntactic domain. It is as yet unknown whether Nungon CDS to children under 3 years also features acoustic differences from Nungon CDS to children over 3 years.

Nungon speakers communicate in a world of intimates and classificatory relatives, without strangers (Wray and Grace, 2007). They rarely interact with non-native speakers of dialects of Nungon or of the closely related language Yau. A handful of people, mostly women, marry into the region from adjoining regions, where distantly related languages are spoken. Apart from the first author and the biologist Gabriel Porolak, no outsiders not married into local families have learned Nungon in at least the past two decades or so. Outsiders who travel fleetingly through the region usually speak the unrelated lingua franca Tok Pisin, which most Nungon speakers under about 40 understand and can speak.

Although true outsiders (people originating outside the Uruwa River valley) rarely learn Nungon, the linguistic situation among speakers of Nungon is complex. Each of the six Nungon-speaking villages has its own distinct dialect, with a particular accent, and which shares <90% of key vocabulary with other villages (Sarvasy, 2013, 2017). People marry into other villages, travel between them, and interact with speakers of other Nungon dialects on a regular basis. If Nungon has an identifiable FDS style, this could be rooted in modes of cross-dialect interaction, rather than norms for speaking Nungon to true foreigners (such as the first author, Gabriel Porolak, and the few in-married foreigners). Sarvasy (2017) also notes that there seem to be conventional ways to interact with Nungon speakers who have speech impediments or are intellectually disabled, which involve increased loudness of speech, increased use of conventionalized gestures, and possibly increased lip movements; this could represent another conventionalized Nungon clear speech style, potentially related to FDS.

We investigated vowel space size, vowel duration, mean pitch, and pitch range in Nungon CDS in the Towet village dialect to children aged 2;2–3;10. We compared the Nungon CDS acoustic results to results from dyadic adult Nungon conversations (conversational ADS) by the same speakers from the CDS data. We then compared these CDS and conversational ADS results to results for the same measures from Nungon monologues that had been recorded as semi-performances, with a non-native Nungon speaker (the first author) as primary listener (“MONO”; potential FDS). We aimed to evaluate the following, for the Towet village dialect of Nungon: (a) whether Nungon CDS vowels were hyper-articulated, relative to conversational ADS; (b) whether Nungon CDS featured increased mean pitch, expanded pitch range, longer vowel durations, and/or an enhanced contrast between phonologically short and phonologically long vowels, relative to ADS; and (c) how these acoustic measures patterned in the Nungon monologues with a non-native listener. Additionally, we evaluated (d) whether acoustic features of Nungon CDS vary with children's age, and whether (f) women and men differed in their use of CDS.



Methods

Nungon has six phonemic vowels: an unrounded high front /i/, an unrounded mid front /e/, an unrounded low central /a/, a rounded high back /u/, a rounded mid-high back /o/ with extra lip protrusion, and a rounded mid-low back /O/ (Sarvasy, 2017; Sarvasy et al., 2020). Nungon is slightly unusual typologically in having more phonemic back vowels than front vowels. All the Nungon vowels can occur as either phonologically short or long; this is lexically determined. Details on vowel trajectories, using a multi-point analysis technique, are in Sarvasy et al. (2020).

We examined vowel tokens from three corpora for this study: CDS, ADS, and what we term MONO (monologual narratives directed at a non-native Nungon speaker with foreign appearance). We targeted the first two vowel formant values (F1 and F2), duration, and mean and range of fundamental frequency (F0: an objective measurement that is closely related to pitch).


CDS dataset

Child-directed speech was extracted from a corpus of child-caregiver conversation from a longitudinal study of eight children acquiring Towet Nungon (Sarvasy, 2021c). This study occurred in two parts, with two different cohorts. The first cohort of five children were recorded for 1 h monthly for 2 years between 2015 and 2017. The second cohort of three children were recorded for 4 h within a single week each month over a 5-month period in 2019. Parents were paid an honorarium of 1,000–1,500 Papua New Guinean kina for their participation in the study, plus a gift, and research assistants were paid for each recording session and transcription they completed.

In each recording session, the target child sat with one or both parents and, sometimes, a sibling, in a natural indoor or outdoor setting. The parents understood that the purpose of the recording sessions was to elicit speech from the child in a relatively natural manner, to be able to study how the child's language development transpired. Parents and children usually looked at picture books together, or discussed events or activities the child had or would participate in, punctuated by occasional discussion of what they observed from their seated location (people walking by, etc.). The sessions were audio- and video-recorded by a local research assistant, usually the classificatory aunt or uncle of the child. Interaction was videorecorded using a Canon IXUS 190 digital camera held by the research assistant or mounted on a tripod. Interaction was audio-recorded with a Zoom H5 recorder mounted on a tripod and pointed toward the target child. Recordings were done at a 44.1 kHz sampling rate, in WAV format. Recordings were transcribed in Mid-CHAT format (MacWhinney, 2000) by native Towet Nungon speakers on Lenovo laptops in Towet village, using solar power.

Twelve recording sessions, involving six target children (three girls and three boys) and one or both of their parents, were used for analysis here. Ten sessions were selected according to whether their digital transcriptions, originally completed by Nungon speakers in the villages, had been finalized and checked; the other two were selected because the adult interlocutors had previously also recorded a monologue in the MONO dataset, to be analyzed here (see below). At the time of recording, three children's ages were in the range 2;2–2;9 (a girl, TO, recorded at ages 2;2 and 2;9; a girl, MA, recorded at age 2;7, and a boy, AB, recorded at age 2;7), and the other three were aged 3;0–3;10 (a girl, AR, recorded at age 3;10; a boy, NI, recorded at ages 3;0, 3;1, and 3;2; and a boy, DA, recorded at ages 3;5, 3;6, 3;7, and 3;8). The adults whose speech was analyzed here were all in their twenties or thirties at the time of the recordings, and all were native speakers of the Towet Nungon dialect.



Dyadic adult conversational dataset (ADS)

We commissioned six 15-min recordings of free conversation between two Towet Nungon-speaking adults each, specifying that the dyads should include parents from the CDS dataset. In the sessions, two adult Nungon speakers, usually classificatory relatives, sat close to each other and spoke about shared past experiences, or related anecdotes from their separate experiences. Note that because of the nature of these small communities (Wray and Grace, 2007), it is impossible to find speakers of the same Nungon dialect (of which there are 100-350 speakers) who are not classificatorily related to each other and do not know each other, so the usual practice in studies comparing CDS with a “baseline” ADS in which an adult addresses an unfamiliar adult was impossible to achieve here. The sessions were recorded using a Zoom H5 recorder mounted on a tripod, placed between the two speakers. Recordings were done at a 44.1 kHz sampling rate, in WAV format. All participants received an honorarium of 50 Papua New Guinean kina each, and the assistants who ran the recording sessions were also compensated for their time. All speakers but one who were recorded conversing here also feature in the CDS sample. The only speaker who does not also feature in the CDS dataset, DI, was in her thirties at the time of the recording.



Adult performed monologues with non-native listener (MONO)

The final dataset from which vowel tokens were extracted involved monologual narratives that adult Towet Nungon speakers recorded individually between September 2011 and March 2013, with the first author, a non-native speaker of Nungon, as primary listener (wearing headphones and usually holding a digital recorder in one hand). The first author's fieldwork was performed monolingually (Sarvasy, 2016), meaning that she always spoke only Nungon to Nungon speakers, without recourse to a contact language such as the Papua New Guinean lingua franca Tok Pisin or English. Nungon speakers would thus have observed her language development over a series of field trips (generally 1.5–2.5 months in length), from very early stages in mid-2011 to near-fluency in 2013. The recordings used here were made at different stages of the author's linguistic development, but even for the earlier recordings, the author was fluent enough to be able to discuss the recording context and protocols with each speaker herself. Elsewhere, Sarvasy (2021b) notes that the degree of intimacy she had with a speaker could be a factor in determining the length and amount of detail in a recorded monologue.

The speakers usually framed each recording as a hat “story,” and most had approached the first author in advance of the recording session to notify her that they intended to record one or more stories for her; the topics were either chosen by the speakers in this way, or were responses to questions from the first author regarding, for instance, life in the olden days. Speakers were aware that these recordings would support the first author's research into the Nungon language grammar (Sarvasy, 2017). They had further been warned by the local government Councillor, early in the first author's research into the grammar, that he expected community members to provide the author with only maa orogo “good language,” by which he intended that maa muyam “cursing” should not be used, but which highlights a type of pressure some speakers might have felt to produce “good” speech.

Although we could categorize these recordings as FDS, simply because of the identity of the interlocutor, we will refer to them here as MONO because at least two other factors in the recording context could have led speakers to produce speech differently than in normal conversation. First, with the recording's purpose in mind, speakers could have aimed to speak clearly to produce a clear record for posterity. Second, the performative aspect of the recording context, in which speakers entered a hut with the express purpose of telling a narrative well, could have led to extra care in speech: they were conscious that they were performing a storytelling act, for audiences (present and future). Future work may attempt to separate these effects from the effect of non-native interlocutor in a controlled way, but we are unable to do this definitively with the present data.

Of a corpus of 221 such recorded and transcribed texts (Sarvasy, 2015), 15 were analyzed for the present study. All of the monologues analyzed were narratives describing personal experiences of the speakers, except for two local legends, and a personal introduction, where the speaker described her family origin. These were recorded in close range using the built-in twin microphones of a Zoom H4N Handy audio recorder with no external microphone, at a 44.1 kHz sampling rate, in WAV format. Speakers were paid 10–20 Papua New Guinean kina for a storytelling session. These were digitally transcribed by the first author in close consultation with each speaker him- or herself in Towet village in 2011–2013.



Selection of tokens and acoustic analysis

In each dataset, transcriptions and/or audio recordings were searched for words that included the six phonemic Nungon vowels in word-initial, word-medial and word-final environments, and not adjacent to nasals (to avoid coarticulation and prosodic effects). While the ideal was to find the same words (e.g., agep “firm” for the vowels /a/ and /e/) in all corpora and uttered by all speakers, the uncontrolled nature of the corpora made this difficult, so the words extracted varied slightly from speaker to speaker. If tokens of a word exceeded 20 in a single session by one speaker, only the first 20 tokens were used. The corresponding audio was hand-screened for obviously poor recording quality and obscuring background noise. Tokens of all six vowels were used to examine mean pitch and pitch range, and vowel duration; tokens of the corner vowels /i/, /a/, and /u/ were used to determine vowel space size, following the method in García-Sierra et al. (2021).

For the CDS dataset, we selected adult vowel tokens from the 12 sample child-caregiver interaction recordings, coded according to the identity and sex of the adult. In analyses, we do not differentiate between parents and the three Nungon-speaking assistants who occasionally interact with the children in the recording sessions (LY, JA and ST in Table 1). The reason for this is that the assistants were classificatory close relatives of the children and habitually interacted with them, occasionally caring for them, in the close-knit, 30-household, Towet village community, where child-rearing has a communal character. In selecting vowel tokens, we avoided tokens that were adjacent to nasal segments, since Sarvasy et al. (2020) showed that coarticulation effects are present in Nungon vowels adjacent to nasals. We also tried to extract vowels from a fixed set of words, as much as possible, for all speakers. For instance, the word agep “firm, loud” occurs frequently in these recordings, addressed to the target child, when the parent wants the child to speak louder. This was a good source for vowel tokens of /a/ and /e/. Table 1 shows the CDS vowel tokens used. As mentioned above, Nungon distinguishes lexically determined phonological vowel length contrasts, such that each vowel takes both a phonologically short and long form. These length contrasts are not shown in Tables 1–3.


TABLE 1 Number of tokens for each vowel, by speaker, in the CDS dataset.
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Table 1 shows that one woman and three men addressed the 2-year-olds (2;2–2;9), while four women and two men addressed 3-year-olds (3;0–3;10). We will compare features of CDS to these two different age groups in the Results.

For the ADS dataset, sections of the conversations were transcribed by the first author. From these sections, we extracted a subset of vowel tokens not adjacent to nasal consonants for analysis. Table 2 gives the number of vowel tokens per speaker used from the conversational ADS dataset here.


TABLE 2 Number of tokens for each vowel, by speaker, in the conversational ADS dataset.
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Finally, for the MONO dataset, vowel tokens not adjacent to nasal segments were extracted. Five of the speakers in the MONO dataset also feature in the CDS and ADS corpora. Of the remaining three, one, NK, was in her twenties at the time of the recording, one, RO, was in her forties, and the third, OR, was in her late forties or early fifties.

Comparison of Tables 1–3 shows that, while eight of nine ADS speakers also feature in the CDS dataset, only five MONO speakers feature in the CDS dataset. Of these, one (ST) does not feature in the conversational ADS dataset, yielding just two male and two female speakers who feature in all three corpora. For this reason, we performed three sets of analyses: one using just tokens from the four speakers who featured in all three datasets (comparison of CDS, ADS, and MONO); one using tokens from the seven speakers who featured in both CDS and ADS datasets (comparison of just CDS and ADS); and one with all 14 speakers (comparison of CDS, ADS, and MONO); results will be summarized for the three groups separately in Table 8.


TABLE 3 Number of tokens for each vowel, by speaker, in the MONO dataset.
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For CDS and MONO, existing transcriptions were manually aligned at utterance level before the use of Munich Automatic Segmentation System (MAUS) for forced alignment at the word and phonetic level. WebMAUS (Kisler et al., 2017) was used following two steps: grapheme-to-phoneme conversion, followed by alignment in the “language independent” mode that does not require language training in advance, which seems to be a good option for under-described languages (Kisler et al., 2012; Jones et al., 2019). Subsequently, the segmentation by MAUS at the phonetic level was manually checked and adjusted, as there were a large number of cases in which misalignment occurred. For conversational ADS, as described above, there were no existing transcriptions, so vowels were segmented directly by hand by the first author.

The vowels' duration, F0, and formant values were extracted using the analysis techniques of previous similar studies (e.g., Williams and Escudero, 2014; Kashima et al., 2016; Sarvasy et al., 2020): 30 evenly distributed points starting from the 20% point to the 80% point of the vowel duration in Praat (Boersma and Weenink, 2021). We excluded the initial and final 20% of the vowel token in order to minimize coarticulation influences (Williams and Escudero, 2014). Following the method described in Williams and Escudero (2014), we then smoothed the series of formant values (or trajectories) for each vowel to reduce the influence of noisy formants by fitting each vowel token with parametric curves, specifically, the discrete cosine transform (DCT) in MATLAB. Then the vowel duration and formants values were averaged over the speakers and across the different positions. The pitch range was calculated by finding the maximum and minimum F0 values among the 30 evenly distributed points. Linear mixed modeling and post-hoc analysis were performed in R using the lmerTest and emmeans packages (Searle et al., 1980; Kuznetsova et al., 2017).




Results

We first present a comparison of acoustic characteristics of vowels in CDS addressed to the two age-divided groups of children, three children per group (2;2–2;9 vs. 3;0–3;10). We found that the only acoustic feature that differed significantly in CDS to the younger and older cohorts was vowel duration. Thus, in the remaining analyses, we compare vowel formants, mean pitch, and pitch range, for CDS to all children, but the two age cohorts are separated when examining vowel duration and duration contrasts. We then compare the acoustic characteristics of vowels in Nungon CDS with those of conversational ADS and monologue narrative (MONO).


CDS to children of different age ranges compared

Tables 4, 5 give an overview of vowel token numbers, first and second formant values, durations, mean pitch values, and pitch ranges, in CDS to the two age cohorts of children: “2-year-olds” (2;2–2;9), and “3-year-olds” (3;0–3;10).


TABLE 4 Number of tokens and formant values for the six Nungon vowels in CDS.
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TABLE 5 Duration (ms), mean F0, and F0 range (Hz) for vowels in Nungon CDS by 10 speakers: mean (standard deviation) standard error.
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Vowel triangles in CDS

Figure 1 presents the vowel triangles from data for the 10 speakers in the CDS dataset. For women, a shift of the vowel triangle toward the bottom left (i.e., increase of both F1 and F2) can be observed for the 2-year-olds, compared with the 3-year-olds. Recall, however, from Table 1, that only one woman features in the 2-year-olds group, compared with four women in the 3-year-olds group. For men, there is little change in the placement of the vowel triangle relating to age of the children.


[image: Figure 1]
FIGURE 1
 Mean vowel formants (Bark) and triangles of the 2-year-olds vs. 3-year-olds in CDS for women (A) and men (B).


From the vowel triangle plots, the vowel space area (VSA) was then derived based on the vowels /i/, /a/, and /u/, following the method used by García-Sierra et al. (2021), for further comparison between CDS to the 2-year-olds and CDS to the 3-year-olds. A linear mixed model was run with VSA as a dependent variable, child's age (2- and 3-year-olds) and speaker gender (women and men) as independent variables, and speaker as a random intercept. There was no significant interaction between child's age and gender [F(1,8) = 0.09, p = 0.78]. The difference in VSA between men and women was also not significant for both younger (p = 0.97; N = 4) and older groups (p = 0.67; N = 6), suggesting that men and women could be collapsed for analysis. Thus, a simpler linear model with child's age (2- and 3-year-olds) as one independent variable was used. Post-hoc analysis showed that VSA for CDS to 2-year-olds (Mean = 0.084 LnHz2, SE = 0.020) was not significantly different from that for CDS to 3-year-olds (Mean = 0.072 LnHz2, SE = 0.009, p = 0.54; N = 10), indicating no hyper- or hypo-articulation in CDS to the 2-year-olds compared with CDS to the 3-year-olds, for both women and men.



Pitch mean and range in CDS

Linear mixed effects models were run with mean F0 and F0 range as dependent variables, child's age (2- and 3-year-olds) and gender (women and men) as fixed effects, and speaker as a random intercept. For mean F0, there was no significant interaction between child's age and gender [F(1,1578) = 0.0006, p = 0.98]. As would be expected based on physical differences, women's mean F0 was higher than that of men ([image: image] = 70.8, p = 0.003). Pairwise comparisons showed no significant difference between mean F0 in CDS to 2-year-olds vs. CDS to 3-year-olds for women (p = 0.61; N = 1,031) and men (p = 0.56; N = 549). For F0 range, there was no significant interaction between child's age and gender [F(1,1, 578) = 0.475, p = 0.52]. Women showed a larger F0 range than men ([image: image] = 7.56, p = 0.003), but neither sex showed a significant difference between F0 range in CDS to 2-year-olds and F0 range in CDS to 3-year-olds.



Vowel durations and duration contrast in CDS

Linear mixed effects models were run with vowel duration as a dependent variable, vowel length (long and short) and child's age (2- and 3-year-olds) as fixed effects, and speaker as a random intercept. Post-hoc analysis showed no significant interaction between child's age and vowel length [F(1,1578) = 0.388, p = 0.53]. Pairwise comparisons showed that the duration contrast between long and short vowels was significant in both CDS to 2-year-olds ([image: image] = 46.0, p < 0.001) and CDS to 3-year-olds ([image: image] = 54.9, p < 0.001), demonstrating that in neither variety is the usual Nungon phonological duration contrast minimized or lost. The duration of short vowels in CDS to 2-year-olds was significantly longer than that in CDS to 3-year-olds ([image: image] = 43.1, p < 0.001), and the same was found for long vowels ([image: image] = 34.2, p = 0.02). In sum, vowels in CDS to the 2-year-olds were found to last significantly longer than vowels in CDS to the 3-year-olds.



CDS, ADS, and narrative monologues compared

Vowel token numbers, first and second formant values, durations, mean pitch, and pitch range for the ADS and MONO datasets are summarized in Tables 6, 7.


TABLE 6 Vowel token data for Nungon ADS and MONO.
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TABLE 7 Duration (ms), mean F0 and F0 range (Hz) for vowels in Nungon ADS and MONO: mean (standard deviation) standard error.
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We ran three sets of analyses to compare CDS with the two types of adult-directed speech: conversational (the “ADS” dataset) and performative storytelling, directed at a non-native speaker (the “MONO” dataset). The ideal here would be to have obtained data for all three speech contexts from each speaker, such that all comparisons would be within-speaker. Unfortunately, our datasets include only four speakers who produced CDS, ADS and MONO (allowing for true within-speaker comparisons across those three contexts), and seven who produced both CDS and ADS (allowing for within-speaker comparisons across those two contexts). We thus also ran a further analysis that included all 14 speakers who feature in at least one of these three recording contexts, and compared the results with those of the smaller, within-speaker, analyses. That is: First, we compared only tokens from the four speakers who featured in CDS, ADS, and MONO; then we compared only tokens from the seven speakers who featured in both CDS and ADS, comparing those two datasets; then we compared tokens from all 14 speakers, comparing CDS, ADS, and MONO. The results from these three sets of analyses are in Table 8.


TABLE 8 Comparisons of vowel space area (VSA), F0 mean and range, and vowel duration for CDS, ADS and MONO dataset.
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Overall, the results for smaller, within-speaker analyses are similar to those for the entire 14-speaker group, so the results from that group are the ones presented in depth in the following sections.


Vowel triangles in CDS, ADS, and MONO

Figure 2 presents the vowel triangles from data for all 14 speakers in CDS, ADS and MONO corpora. MONO speech involves by far the largest vowel space, evaluated in terms of F1 and F2 of the three corner vowels. For both women and men, the vowel triangle for CDS to 3-year-olds is similar to that for ADS.


[image: Figure 2]
FIGURE 2
 Mean vowel formants (Bark) and triangles of all speakers in CDS, ADS and MONO for women (A) and men (B).


Since there was no significant difference in VSA between the CDS to 2-year-olds and CDS to 3-year-olds, the two groups were collapsed as “CDS” for the following comparison with ADS and MONO. There was no significant interaction between child's age and gender [F(2,23) = 0.22, p = 0.80]. The difference in VSA between men and women was not significant for all three corpora (CDS: p = 0.75, N = 10; ADS: p = 0.55, N = 8; MONO: p = 0.85, N = 8), suggesting that men and women could be collapsed when the three corpora were compared. A linear model with dataset (CDS, ADS and MONO) as one independent variable showed that MONO has the largest VSA value (Mean = 0.236 LnHz2, SE = 0.029), significantly larger than ADS (Mean = 0.105 LnHz2, SE = 0.016; [image: image] = 0.131, p < 0.001) and CDS (Mean = 0.076 LnHz2, SE = 0.009; [image: image] = 0.159, p < 0.001), but the difference between ADS and CDS was not significant (p = 0.53; N = 18). The results for analyses including only overlapping speakers (those who feature in all three datasets) were similar to those with all speakers, as seen in Table 8.




Pitch mean and range in CDS, ADS, and MONO

Since there was no significant difference in either mean pitch or pitch range between CDS to 2-year-olds and CDS to 3-year-olds, the two groups were collapsed as “CDS” in the following pitch analysis. Linear mixed effects models similar to those in 3.1.2 were used for pairwise comparisons of the three corpora. For mean F0, there was a significant interaction between dataset and gender [F(2,3125) = 102.1, p < 0.001], and the trend for different corpora varied with gender. For women, F0 mean for MONO was significantly higher than that for CDS ([image: image] = 28.7, p < 0.001) and ADS ([image: image] = 52.4, p < 0.001). For men, CDS showed the highest mean F0, followed by ADS ([image: image] = 11.5, p = 0.002) and MONO ([image: image] = 22.6, p < 0.001). For F0 range, there was also a significant interaction between dataset and gender [F(2,3125) = 8.1, p < 0.001]. For women, F0 range for CDS was the largest, but not significantly different from MONO (p = 0.12; N = 1,576); both CDS and MONO were significantly larger than ADS ([image: image] = 8.0, p < 0.001 for CDS and [image: image] = 5.8, p < 0.001 for MONO). For men, F0 range for CDS was also the largest, and significantly different from ADS ([image: image] = 3.3, p < 0.001) and MONO ([image: image] = 4.8, p < 0.001).

There were seven speakers (three women and four men) who featured in both the CDS and ADS corpora. As shown in Table 8, the results for these overlapping speakers were consistent with those for all speakers: for both women and men, mean F0 for CDS was significantly higher than that for ADS, and F0 range for CDS was also significantly larger than that for ADS. Results for the four overlapping speakers (two women and two men) featuring in all three corpora were also consistent with those for all speakers in general.



Vowel durations and duration contrast in CDS, ADS, and MONO

Both phonologically short and long vowels in CDS to 2-year-olds were significantly longer in duration than those in CDS to 3-year-olds. Thus, for comparison of duration with ADS and MONO, CDS to 2-year-olds and CDS to 3-year-olds were separated. Short vowels in CDS to 2-year-olds were significantly longer than those in MONO ([image: image] = 23.4, p < 0.001), ADS, and CDS to 3-year-olds; those in MONO were significantly longer than those in ADS ([image: image] = 24.9, p < 0.001) and CDS to 3-year-olds, but those in ADS were similar to those in CDS to 3-year-olds (p = 0.06; N = 1,501). Long vowels in MONO were similar to those in CDS to 2-year-olds (p = 0.50; N = 234); those in CDS to 2-year-olds were significantly longer than those in ADS ([image: image] = 45.0, p < 0.001) and CDS to 3-year-olds, but those in ADS were similar to those in CDS to 3-year-olds (p = 0.98, N = 145). So for both short and long vowels, duration was exaggerated in CDS to 2-year-olds and in MONO compared with ADS, while duration in CDS to 3-year-olds was similar to that in ADS. In general, these results were consistent with those for overlapping speakers.

The duration contrast between phonologically long and short vowels was significant in all four corpora ([image: image] > 46.8, p < 0.001). For overlapping speakers (both across ADS, CDS and across ADS, CDS and MONO), the contrast remained significant ([image: image] > 46.3, p ≤ 0.001). That is, in none of these genres is the duration contrast between phonologically short and long vowels neutralized.




Discussion

In this paper, we present a first study comparing acoustic and prosodic properties of vowels in CDS (to children aged 2;2-3;10), ADS (to familiar adults), and monologual speech directed at a foreigner, for the Towet dialect of the Papuan language Nungon, spoken by about 300 people in a remote mountain village of Papua New Guinea (of the 1,000 speakers of Nungon across all dialects). Our results show that Nungon CDS does not feature expansion of the vowel space, compared to conversational Nungon ADS. The Nungon CDS vowel triangle area is neither significantly smaller nor larger than that of conversational ADS. As seen in Table 8, this result applies for both women and men, and holds true when analyzed for three different cross-sections of our dataset: first, the seven speakers who produced both CDS and conversational ADS; second, the four speakers who produced CDS, conversational ADS, and narrative monologues (MONO); and third, the total 14 speakers who feature in at least one cross-section of our dataset: CDS, conversational ADS, and/or MONO. The size of the vowel triangle does not differ significantly for either men or women in CDS to children aged 2;2–2;9, compared with CDS to children aged 3;0–3;10. Since we did not examine data on Nungon vowel acoustics in IDS to infants under 12 months, or CDS to children under 2 years of age, we cannot rule out the possibility that Nungon IDS or CDS to children aged 0–25 months does indeed involve vowel hyper-articulation.

While we found that Nungon CDS to the children in our sample did not exhibit vowel hyper-articulation, Nungon MONO (our measure of FDS in Nungon, from monologual narratives told to a non-native listener holding a recording device) did. This pattern holds both for the four individual speakers who produced tokens of all three speech varieties (CDS, conversational ADS, and MONO), and for the vowel tokens of the entire group of 14 speakers across the three datasets. In terms of vowel space area, then, the Nungon pattern could be similar to that suggested by studies of Norwegian IDS (Englund and Behne, 2005, 2006; Englund, 2018) and CDS (Steen and Englund, 2022), and Norwegian FDS (Sikveland, 2006). Norwegian IDS and CDS (to children in “kindergartens,” 10–34 months of age) do not show vowel hyper-articulation relative to ADS, but Norwegians addressing second-language learners do display expansion of the vowel space (perhaps, in part, due to an overall more open mouth during speech).

Nungon-speaking adults, both male and female, used higher mean F0 and expanded F0 range in CDS than in ADS, even though the ADS samples here were conversations between adults who had known each other very well for many years, rather than strangers. Male caregivers have been shown to differ from female caregivers in pitch modifications in American English CDS (Warren-Leubecker and Bohannon, 1984, although see Fernald et al., 1989, where both men and women used increased mean pitch and expanded pitch range in American English IDS). At least in speech addressed to children aged 2;2–3;10, we found no such differences between Nungon-speaking women and men. Women and men both used higher mean F0 in Nungon CDS than in conversational ADS, and both used greater F0 range in CDS than in conversational ADS, as found for mothers and fathers speaking a range of major world languages by Fernald et al. (1989).

Women and men do differ in mean F0 and F0 range within the MONO dataset, and in the relationship between F0 in the MONO dataset and in the other two datasets. For women, MONO features the highest mean F0, followed by CDS, then ADS; men's highest mean F0 occurs in CDS, followed by MONO, then ADS. Women have similar F0 ranges in CDS and MONO, which are both higher than the F0 range in ADS. In contrast, men have a greater F0 range in CDS than in MONO and ADS, which have similar F0 ranges. This implies that men's performative FDS monologue style is similar in pitch features to their ADS, albeit with slightly higher pitch overall, while CDS is the most divergent for both pitch mean and range. For women, in contrast, the performative FDS monologue style is the outlier, rather than CDS; MONO exceeds CDS in mean pitch and pitch range. Previous studies have yielded mixed results in terms of increased mean pitch or pitch range in FDS, relative to native-speaker-directed speech; increased mean pitch was found for Omani Arabic FDS (Al-Kendi and Khattab, 2019) and for English FDS by Knoll and Scharrer M. A. (2007), but not by Biersack et al. (2005) or Uther et al. (2007). Increased pitch range has been found in Mandarin FDS (Papoušek and Hwang, 1991) and French FDS (Smith, 2007).

In sum, when Nungon CDS is compared to conversational ADS, women and men show very similar patterns of mean F0 and F0 range. For both women and men, Nungon CDS to children aged 2;2–3;10 features significantly higher mean F0 and greater F0 range than conversational ADS. It is when CDS and conversational ADS are further compared to a third genre, MONO, which probably conflates elements of performative monologue with FDS, that sex differences in pitch use emerge. These differences could relate to: a) sex-based differences in speaking to a non-native interlocutor; b) sex-based differences in perfomative storytelling style; and/or c) possibly, heightened nervousness of the female speakers in the recorded performative context, interacting with the foreigner, which could induce higher mean pitch and greater pitch range (Fairbanks and Pronovost, 1938; Bonner, 1943; Apple et al., 1979; Laukka et al., 2008).

No significant differences for either women or men in mean F0 or F0 range between CDS to children aged 2;2–2;9 and CDS to children aged 3;0–3;10 were evident. In other words, CDS to both 2-year-olds and 3-year-olds featured higher pitch and greater pitch range than conversational ADS. Previous research (Sarvasy, 2019) suggested that a special morpho-syntactic alteration found in Nungon CDS is most prevalent in speech to children under 3;0, with phasing out thereafter; earlier studies also showed that the morpho-syntactic complexity of Nungon CDS increases from when the child is 3 years old (Sarvasy, 2019, 2020, 2021a). The current results imply that elevated mean pitch and increased pitch range may be evident in CDS even after caregivers no longer use special morpho-syntactic alterations, and have already increased the morpho-syntactic complexity of their CDS.

Much research on IDS and CDS has found that features of IDS/CDS relate to children's ages and developmental stages (Stern et al., 1983; Kitamura et al., 2002; Kitamura and Burnham, 2003; Englund and Behne, 2006; Rattanasone et al., 2013). We found no evidence that the size of the vowel triangle differs in Nungon speech directed to children in their third year of life (2;2–2;9), compared with Nungon speech directed to children in their fourth year of life (3;0–3;10). We further found no evidence that mean pitch and pitch range differ in speech to these two different age cohorts. But we did find that speech directed to the younger cohort features significantly longer vowel durations than speech directed to the older cohort, which appears similar to conversational ADS in vowel durations and duration contrasts. When only tokens from speakers featured in all three datasets are examined, both phonologically short and long vowels in CDS to 2-year-olds are significantly longer than those in MONO, which are in turn longer than those in conversational ADS and CDS to 3-year-olds. This said, we did not examine speech from a single caregiver to a single child over time to confirm these results: this longitudinal investigation remains a desideratum for future work.

Uther et al. (2007) found that vowels in British English FDS were shorter than those in IDS, as with Nungon MONO, but they found no difference in vowel length between FDS and ADS, while this does seem to exist between Nungon MONO and ADS. Again, it is as yet impossible to ascertain whether the foreigner-directed aspect of the MONO dataset induced longer vowel durations in MONO than in ADS, or whether another aspect, such as the performative context, induced this.

Burnham et al. (2002), Uther et al. (2007), Lam and Kitamura (2012), and Xu et al. (2013), among others, demonstrated, for two varieties of English, that some acoustic and prosodic modifications of speech may be predictable according to the interlocutor's relationship to the speaker and perceived linguistic abilities. For Australian and British English, the interlocutor's increased ability to provide linguistic feedback (accompanied by an apparent need for didactic intervention by the speaker) led to increased degrees of vowel hyper-articulation, while increased affect in the relationship led to increased mean pitch. The Nungon findings here from CDS and ADS do not follow the same pattern as these English studies, since Nungon CDS shows no vowel hyper-articulation, but does show increased mean pitch and pitch range. That said, the Nungon children studied here were older than the infants in the English studies. The MONO dataset shows marked vowel hyper-articulation, relative to both ADS and CDS, but it is unclear from the present study whether this stems from the identity of the interlocutor (non-native Nungon speaker with a foreign appearance) or from the particular performative context for speech.

FDS has been studied acoustically in a relatively small number of languages. The present study of acoustic properties of vowels in Nungon monologues addressed to a foreigner, compared with those of conversational, native-speaker-directed, adult speech, represents the first of which we are aware for any language of the Pacific, and for any speech community of fewer than 1 million people anywhere in the world. Like members of other small, remote speech communities (Wray and Grace, 2007), Nungon speakers do not interact with strangers on a daily basis; the very few non-native speakers of Nungon they encounter are women from nearby communities who married Nungon-speaking men. Each of the six Nungon-speaking villages has its own dialect, and Nungon further belongs to a longer dialect continuum that encompasses six additional villages, whose languages are grouped under the umbrella term “Yau” (Sarvasy, 2017). The MONO data here were addressed to one of the very few truly foreign learners of Nungon or Yau who are not native speakers of other Papuan languages spoken in Morobe Province, Papua New Guinea. One might therefore question how systematic an FDS style could be among Nungon speakers. While they do not regularly interact with foreign speakers of Nungon, Nungon speakers do regularly speak to people whose Nungon and Yau varieties differ from their own. It is unclear whether their strategies in so doing should be termed FDS. For instance, the first author observed that some speakers of the Towet village dialect of Nungon would actually assume a Kotet village-like accent and use some Kotet lexicon in interacting with speakers of the Kotet village dialect (Sarvasy, 2017).

As noted earlier, the MONO data may be hyper-articulated for a conglomeration of reasons: non-native interlocutor, high-importance recording context, and performative, rather than conversational, speech. It could be that the MONO data should be considered to represent “clear speech,” primarily (Picheny et al., 1986; Moon and Lindblom, 1994; Ferguson and Kewley-Port, 2002, 2007), and FDS only secondarily. Future work will aim to disentangle these factors. If we take the MONO results to represent FDS, however, they seem to support the notion that FDS often involves vowel hyper-articulation, and add to the complicated general picture of mean pitch and pitch range in FDS, since Nungon-speaking women and men pattern differently in how they use pitch in MONO, compared with ADS and CDS.

Acoustic research on under-described languages spoken by remote communities entails different research conditions than research with speech communities who live in proximity to university campuses with laboratory facilities. In remote areas, speech must be recorded in an outdoor or sound-permeable indoor environment, not a laboratory. Field trips to visit such communities are of limited duration and frequency. If a field trip is not devoted to a particular research question, evidence must often be culled after the trip, from an existing, multi-purpose natural speech corpus. Thus, for a study such as the present one, vowel tokens may have to be culled from uncontrolled, natural interactions in an existing speech corpus, and it may be hard to ensure that the same speakers produce vowel tokens in all three interactive contexts under study. In studying child language development in such a community, researchers may end up devoting all resources into building a corpus of child-caregiver speech, without also constructing a counterpart corpus of the caregivers addressing other adults in a similar, informal and conversational, vein. A child-caregiver corpus will yield ample tokens of CDS vowels and consonants, but the researcher may not have access to optimal ADS tokens for comparison.

In recent work, some researchers have chosen to compare features of conversational CDS to a corpus of non-conversational adult speech. For instance, Frye aus Schwerte (2019) compares prosodic features of CDS in the Papuan language Qaqet to those in adult “Pear Story” narratives, rather than truly conversational adult speech. Our first exploratory comparative study of Nungon CDS and ADS compared CDS directly to the narrative monologue data in the MONO dataset here (Sarvasy et al., 2019). We resorted to this because we had not yet commissioned the dyadic ADS conversations, with no foreigners present, described in the present study.

The results here indicate that, difficult as it may be to source conversational ADS to compare to CDS in languages spoken by small, remote communities, this is just as important for these languages as it is for languages like Japanese (Miyazawa et al., 2017). The marked contrast in vowel space area between MONO, ADS, and CDS shows that even in a community without a tradition of literacy, vowel acoustics differ in different contexts and settings: here, speech addressed to children, conversation among familiars, and a more presentative mode with a non-native interlocutor. Future research would do well to consider this carefully.



Conclusion

This study has shown for the Towet village dialect of the Papuan language Nungon that vowels in speech directed to children aged 2;2–3;10 are not hyper-articulated, compared with speech directed to adults. Nungon speech directed to children of this age by both women and men features higher mean pitch and increased pitch range, compared with conversational speech directed to adults. Speech directed to 2-year-olds (2;2–2;9) features similar vowel space areas (vowel triangle sizes), mean pitch, and pitch range, to speech directed at 3-year-olds (3;0–3;10); this holds for both men and women. Speech directed at 2-year-olds features significantly longer vowels than speech directed at 3-year-olds, in which vowel length is similar to that of conversational adult-directed speech. The duration distinction between phonologically short and phonologically long Nungon vowels is upheld in speech to 2-year-olds, 3-year-olds, and adults. Compared with both child-directed speech and conversational adult-directed speech, monologues directed at a non-native Nungon speaker feature marked vowel hyper-articulation. The relationship between mean pitch and pitch range in these foreigner-directed monologues and those in child-directed and adult-directed conversational speech differed for men and women. This has been the first study comparing vowel acoustics and pitch in child-directed speech and adult-directed speech for a language of the New Guinea area, where 20% of the world's languages are spoken; it is further the first study comparing vowels in child-directed speech, adult-directed speech, and another clear speech style for a small language community.
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Vocalization mean duration: mean (SD) [range] 1.89 (0.92) [0-3.95)

Vocalization number during the 8min window: mean  32.92 (16.66) [0-59]
(SD) [range]

Maternal Pause mean duration: mean (SD) [range] 4.69 (6.3) [0-28.38)
Vocalization ratio of time during the 3 min: mean 0.35 (0.19) [0-0.65]
(SD) [range]

Emotional-Fetal Directed Speech according to automatic classification
©-FDS ratio during the 8 min: mean (SD) [range] 0.12(0.17) [0-0.65]
Non e-FDS ratio during the 3 min: mean (SD) [range] ~ 0.23 (0.18) [0-0.64]
e-FDS/vocalization ratio: mean (SD) [range] 029 (0.3)[0-1)
Emotional-Fetal Directed Speech according to psycholinguist expert
©-FDS ratio during the 8 min: mean (SD) [range] 0.14(0.16) 0-0.51)
Non e-FDS ratio during the 3 min: mean (SD) [range] ~ 0.21(0.16) [0-0.62]

e-FDS/vocalization ratio: mean (SD) [range] 0.34 (0.34) [0-1]
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(n=16)
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34 000-11.04
024 028-1.00
047 000053
007 000-021
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]

6.83

0.17

0.42
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(n=20)
sD Range
313 0.00-13.05
008 007-033
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107.5
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Contingent

ooy Responsive labels  Interpretations Imitations Expansions Reformulations
Preverbal Productions -0635% -0.135 0090 -0.634% -0.700% 0350
One-word Utterances 0588+ 0018 0209 0815 0.768%* 0370
Transitional Forms. 0519+ 0094 0224 0280 0522* 0415
Word Combinations 0543+ 0132 ~0.441 0366 0353 0.414
Preverbal Productions -0546% 0269 0111 0006 0066 0080
One-word Utterances -0.146 -0223 0370 -0.320 0466+ 0414
Transitional Forms. -0.081 -0011 -0411 0250 -0280 -0292
Word Combinations 0647%% 0346 0265 0119 -0242 ~0.421

*p<0.05; **p<0.01.
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Sociodemographics
Age: mean (SD) [range] in years.

Marital status: single/in couple
Working status: No/Working/Student

Years of education: <12/>12 years
Mother tongue: French/other

Life events

Number of e events: mean (SD) [range]
Significant obstetrical history: n (%)
Significant medical history: n (%)
Pregnancy

Gestational age at study recruitment: mean
(SD) [range] in weeks

At least one fetal risk: n (%)

Ultrasound soft marker: n (%)

At least one maternal risk: n (%)

Fetus gender: Female/Male

Complication during pregnancy: n (%)
Global risk: No/Fetus only/Mother only/Both

Psychopathology
Covy anxiety score: mean (SD) [range]
Raskin depression score: mean (SD) [range]
Fetal oriented interaction variables

Mother gestational age when first sentences
were addressed 1o the fetus: mean (SD) [range]
in months

Mother declare spontaneously speaking to
fetus: never or rarely/frequently/missing data

Mother gestational age when they first
perceived ther fetus moving: mean (SD) [range]
in months

Delivery
Gestation duration: mean (SD) [range] in weeks

Baby weight at birth: mean (SD) [range] in g

5min APGAR: mean (SD) [range]
Breast feeding: n (%)

Mode of delivery: Basse/VBI/Anticipated
Caesarian/Emergency Caesarian/Missing data

32.34 (6.4)
[18.9-42.66)

7 (20%)/28 (80%)
6(17.1%)/27 (77.1%)/2
(5.7%)

8 (22,9927 (77.1%)
30 (85.7%)/5 (14.3%)

7.69 (5.95) [0-24)
21 (60%)
23(65.7%)

32.45 (3.69) [22-38)

17 (49%)
2(6%)
21 (60%)
22 (63%)/13 (37%)
13 (37%)

7 (209%Y4 (11.4%)/11
(31.4%)/13 (37.1%)

1.7 (2.15) [0-6]
1,67 (1.84) (0-6]

3.63 (1.64) [0-6]

9(25.7%)/22 (62.9%)/4
(11.4%)

283 (1.89) [1-7)

3882 (2.29)
(29.1-415)
3047.6 (684.32)
[2140-3850)
9.91(037) [8-10]
29 (83%)

17 (48.6%)/5 (14.3%)/9
(25.7%)3
(8.6%)/1(2.9%)
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Repeat child other

Praise
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Expand child idea
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Child-Initiated Talk

All child-initiated talk

Voluntarily repeats teacher
Volunteers target word
Volunteers description of picture
Volunteers other information
Volunteers question

Teacher response, child-initiated talk
All teacher response to child-initiated talk
No response

Repeat child

Rhetorical question

Praise

Explicit no

Explicit yes

Add words to child response
Expand child idea

Ask follow-up question

0.14
214
0.43
0.28

0.85
1.14
0.14
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0.57
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0.00
5.00
7.00
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0.014

7.00
1.28
1.14
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0.00
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2.28
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1.14
0.57

0.38
1.68
0.79
0.756
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0.38
2.24
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9. Book reading
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Total Utterances

per Minute:
Contingent
Utterances
Responsive
Labels
Interpretations
imitations
Expansions
Reformuations,

M

15.54

0.26

0.15

0.05
0.09
0.12
0.08

Al participants

(n=36)

sp
3.89
0.08
0.06
0.09
0.10

0.07
0.08

Range
8.50-23.64
0.05-0.38
0.05-0.32
0.00-0.30
0.00-051

0.00-0.27
0.00-0.24

M
16.35
021
0.13
0.06
o1

0.08
0.08

Very preterm group

(n=16)

sp
483
0.07
0.05
011
0.14

0.06
0.08

Range
8.90-2864
005-0:34
0.05-0.21
0.00-0.30
0.00-0.51

0.00-0.17
0.00-024

M
14.89
030
0.17
0.04
0.07

0.14
0.07

Full-term group

(n=20)

sp

291
0.06
0.06
0.07
0.05

0.07
0.05

Range
8.50-19.66
0.18-0.38
0.06-0.32
0.00-0.30
0.01-0.17

0.03-0.27
0.01-0.17

134.00
48.50
97.00

149.00

157.00

94.00
160.00

0.408
<0001
0.045
0.708
0.924

0.036
1.000






OPS/images/fpsyg-13-1056816/crossmark.jpg
(®) Check for updates





OPS/images/fpsyg-13-805447/fpsyg-13-805447-g001.gif
* fomale

© o
>
P
N e
Wow e e
3 ® male.
4 o
5 . N
86 a
Tz
. T
) [ oce el
T VN T

F2 (Bark)





OPS/images/fpsyg-13-804792/fpsyg-13-804792-t005.jpg
Verbosity TTR MLU Conversational Control Preverbal
B (p) B (p) B (p) B (p) B (p) B (p)
Birth status 0.97 (<0.001) —0.01 (0.586) —0.50 (0.011) —12.87 (0.013) 13.67 (0.003) —1.562 (0.672)
Symmetrical co-regulation — — — —30.36 (0.319) 49.33 (0.068) —32.64 (0.123)
Birth status x Symmetrical co-regulation — — — 23.91 (0.220) —44.74 (0.010) 27.44 (0.042)
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IDS linguistic IDS pragmatic

Model AIC AIC

Model 1: Birth status 262.51 1876.5
Model 2: Birth status, parenting stress 253.31 1877.4
Model 3: Birth status, parenting stress, 256.26 1882.9

birth status x parenting stress

In bold are highlighted models receiving more support for each set of outcome
variables considered (IDS linguistic and IDS pragmatic).
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Verbosity TTR MLU Conversational Control Preverbal

B (p) B (p) B (p) B (p) B (p) B (p)

Birth status 1.03 (<0.001) —0.02 (0.346) —0.56 (0.003) —7.68(0.016) 3.66 (0.217) 4.52 (0.045)
Parenting stress —0.40(0.012) 0.04 (0.005) 0.44 (0.008) — = =
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1 Verbosity

2 TR

3 MLU

4 % Conversational

5 % Control

6 % Preverbal

7 Parenting stress

8 Unilateral co-regulation
8

Symmetrical co-regulation

Mean (SD)

26.16 (8.52)
0.40 (0.09)
4.07 (0.94)
56.84 (15.36)
30.89 (13.97)
7.59 (10.77)
1.83 (0.56)
0.31(0.26)
0.21(0.16)

1

—0.46*
—0.19
—0.19
0.25*
—0.08
—0.16
—0.09
0.18

0.10
0.01
-0.22"
0.25*
0.28™
0.21
—0.16

0.46**
—0.30"
—0.33"

0.22*
=041
0.06

—0.68"
—0.42**
0.08
—0.09
0.02

5 6 7
—0.30* =
—0.14 0.15 -
0.19 —0.05 008
~0.18 0.15 0.03

—0.56™*

0 > 0.05, “p < 0.01.
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1 Verbosity

2 TTR

3 MLU

4 % Conversational

5 % Control

6 % Preverbal

7 Parenting Stress

8 Unilateral co-regulation
9  Symmetrical co-regulation

Mean (SD) PT

21.91 (6.32)
0.41 (0.09)
4.33 (0.91)
60.77 (14.13)
29.02 (13.47)
5.27 (6.67
1.75 (0.54
0.34 (0.28

(t

)
)
)
0.19(0.17)

Mean (SD) FT

30.20 (8.43)
0.39 0.09)
3.830.91)

53.09 (15.69)

32.68 (14.35)

9.80 (13.30)
1.90 (0.58)
0.29 (0.28)
0.23 (0.16)

1

—0.65**
-0.12
0.05
0.24
—0.31*
—0.37*
0.01
0.18

2

—0.43**

0.31*
—0.03
—0.24
0.26
0.34*
0.06
—0.13

3

—0.01
—0.14
0.39*
—0.13
—0.37*
0.36*
—0.11
0.01

—0.28
0.02
0.47*

—0.659*
—0.45"
0.08
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0.18

5

0.19

—0.19
—0.43"
—0.77*
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—0.18

0:52**
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0.27
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—0.10
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8

—0.11
0.33*
—0.17
0.10
—0.08
0.21
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0 > 0.05, “p < 0.01.
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IDS linguistic IDS pragmatic

Model AIC AIC

Model 1: Birth status 262,51 1876.5
Model 2: Birth status, unilateral co-regulation 262.29 1876.3
Model 3: Birth status, unilateral co-regulation, birth status x unilateral co-regulation 266.98 1868.5
Model 1: Birth status 262.51 1876.5
Model 2: Birth status, symmetrical co-regulation 264.63 1877.5
Model 3: Birth status, symmetrical co-regulation, birth status x symmetrical co-regulation 269.31 1874.3

In bold are highlighted models receiving more support for each set of outcome variables considered (IDS linguistic and IDS pragmatic).
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Verbosity TTR MLU Conversational Control Preverbal
B () B (p) B (p) B (p) B (p) B (p)
Birth status 0.97 (<0.001) —0.01 (0.712) —0.52 (0.007) 0.67 (0.889) —6.85(0.113) 8.98 (0.011)
Unilateral co-regulation —0.15(0.682) 0.07 (0.05) —0.49 (0.189) 33.33 (0.068) —39.68 (0.015) 19.55 (0.139)

Birth status x Unilateral co-regulation

—28.20 (0.021)

35.95 (0.001)

—14.68 (0.096)
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Timepoint 7mos 10-11mos

Child age: mean (SD) range 7.5(0.39) 6.93-8.27 10.5 (0.64) 8.77-12.18"
# of transcribed play sessions 82 83

# and % analyzed for coarticulation 81(98.79) 82(98.8)

# and % analyzed for vowels. 75 (91.46) 78(93.98)

*Reflects child age (10 or 11 months) during collection of the CDS sample used in the analysis.

18mos

18.26 (0.57) 17.2-19.23
40
40 (100)
40 (100)

24mos

24.56 (0.57) 23.27-26.33
83
83 (100)
82(98.8)
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Types

Tokens

TIR

MATTR

Biphone probability

Word frequency

Phon. neighborhood density
Word length

Coarticulation (spectral distance)
Phone duration (ms)

Vowel space area

Tmos
Mean (SD) range

246,63 (67.22) 49-392
873.33 (313.16) 79-1,566
03(0.06)0.18-0.62
0.88 (0.04) 0.78-0.95
0.37 (1.73) —1.66-11.66
5.69 (2.56) ~2.81-10.64
2055 (13.63) 0-50
3.48(1.37)1-12
689 (4.23)0.93-84.75
90.21 (70.78) 20.38-1,180
6.74 (1.43) 4.15-10.12

10-11mos
Mean (SD) range

237.76 (53.56) 30-339
864.88 (277.02) 381,508
0.29(0.06) 0.2-0.79
0.87 (0.03) 0.74-0.95
0.37 (1.71) —1.6-11.66
572 (2.53) ~3.91-10.64
20,65 (13.66) 0-50
3.47 (1.35) 1-12
691 (4.15) 1.04-36.91
90,02 (72.73) 20.15-1,050
6.78 (1.52) 1.69-10.06

18mos
Mean (SD) range

261,28 (59.54) 120-360
1,012.91 (302.73) 309-1,530
027 (0.05) 0.19-05
089 (0.02) 0.83-0.93
0.36(1.7) —1.71-11.66
5.63 (2.63) ~2.53-10.64

20.56 (13.63) 0-50
3.49 (1.35) 1-14
NA
NA
NA

24mos
Mean (SD) range

292,68 (54.73) 59-419
1,247.22 (346.29) 105-1973
0.24(0.04)0.17-0.56
0.91(0.02) 0.82-0.95
0.36 (1.71) =1.71-11.66
5.48 (2.57) ~3.91-10.64
19.94 (13.6) 0-50
3.59 (1.4)1-13
7.37 (4.28) 0.97-38.9
83.45 (59.42) 20.13-880
7.7 (2.04)1.5-14.65
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7mos 10mos 11mos 18mos 24mos

Mean (SD) range Mean (SD) range Mean (SD) range Mean (SD) range Mean (SD) range
MB-CDI (receptive) 955 (13.7) 0-83 4181 (51.13) 0-359 62.49 (59.89) 1-331 NA NA

MB-CDI (expressive) NA NA NA 112.08 (108.6) 2-472 355.94 (150.32) 62-664
PPVT-4 (raw) NA NA NA NA 32.85 (12.36) 12-60
EOWVT (stan.) NA NA NA NA 97.94 (12.38) 55-118
Nonword rep. accuracy NA NA NA NA 0.65 (0.16) 0.28-1

“MB-CDI measures receptive vocabulary from 7 to 11 months and expressive from 18 to 24 months.
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CLASS-T domain

Emotional and behavioral support
Positive climate

Recoded negative climate

Teacher sensitivity

Regard for child perspectives

Behavior guidance

Engaged support for learning
Facilitation of learning and development
Quiality of feedback

Language modeling

5.00
5.45
6.88
4.97
3.90
3.69
3.81
4.24
3.18
3.897

SD

0.90
1.27
0.33
1.01
172
1.40
1.43
1.46
1.59
1.47

Range

3.40-6.40
3.00-7.00
6.00-7.00
3.00-6.00
2.00-7.00
1.00-5.00
1.30-6.00
2.00-6.50
1.00-6.00
1.00-6.00
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Language feature Mean SD Min Max
CHAT coding

Total utterances 75.86 2617 44.00  106.00
Mean length of utterances-words 6.14 0.73 5.11 7.06
Total words 547.14 22926 317.00 944.00
Total types 105.14  11.61 87.00  119.00
Type/token ratio 0.22 0.07 0.12 0.32
Lexical diversity (D) 32.06 7.35 19.62 39.50
Proportion of utterances with

complex syntactic components

Complex utterances 0.20 0.09 0.1 0.34
Simple utterances 0.80 0.09 0.66 0.89
Embedded clause 0.14 0.07 0.09 0.28
Verbal phrase 0.06 0.05 0.02 017
Advanced phrase 0.01 0.01 0.00 0.04
Verb phrase 0.36 0.09 0.27 0.54
Prepositional phrases 0.21 0.08 0.12 0.33
Compound structures 0.05 0.03 0.01 0.09
Adjective or adverb 0.15 0.10 0.05 0.34
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Talk move
Teacher remarks

All teacher-initiated remarks

Teacher comments

Teacher comment—Ilabel

Teacher comment—define

Teacher comment—decontextualized
Teacher open-ended questions
Teacher open-ended contextualized
Teacher open-ended decontextualized
Teacher closed questions

Teacher closed—label

Teacher closed question—choice
Teacher closed question—yes/no
Teacher closed question—repeat
Teacher closed question—action
Teacher closed question—point
Teacher closed question—decontextualized

Child responses

All child responses

All child correct responses
All child incorrect/no responses
Point—correct
Point—incorrect
Point—no response
Repeat—correct
Repeat—incorrect
Repeat—no response
Choice—correct
Choice—incorrect
Choice—no response
Yes/no—correct
Yes/no—incorrect
Yes/no—no response
Word—correct
Word—incorrect
Word—no response
Open-ended—correct
Open-ended—incorrect
Open-ended —no response
Gesture—correct
Gesture—incorrect
Gesture—no response

Teacher responses, child incorrect

No response

Repeat child

Rhetorical question

Re-ask same question
Reframe as choice question
Reframe as Yes/No question
Give hint

Mean

48.86
21.71
19.14
0.00
2.43
1.00
0.57
0.43
15.28
3.57
1.86
5.71
2.43
0.71
1.00
0.14

16.57
8.71
7.86
0.71
0.14
0.14
0.86
0.00
1.71
1.29
0.57
0.00
4.28
0.71
0.71
0.86
1.28
1.57
0.14
0.00
0.86
0.57
0.00
0.14

3.14
0.86
0.86
1.57
0.57
0.57
114

SD

12.40
11.76
10.51
0.00
1.90
1.52
1.51
0.79
11.02
412
4.49
6.63
3.15
1.89
2.65
0.38

10.94
8.26
3.89
1.89
0.38
0.38
0.90
0.00
2.98
3.40
1.13
0.00
5.59
1.1
1.25
1.57
1.25
1.81
0.38
0.00
1.21
1.51
0.00
0.38

3.44
1.07
1.21
1.72
1.51
0.98
168

Min

32.00
8.00
5.00
0.00
0.00
0.00
0.00
0.00
4.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

5.00
2.00
2.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
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
0.00
0.00
0.00

Max

67.00
46.00
40.00
0.00
5.00
4.00
4.00
2.00
34.00
11.00
12.00
17.00
9.00
5.00
7.00
2.00

35.00
22.00
13.00
5.00
1.00
1.00
2.00
0.00
8.00
9.00
3.00
0.00
14.00
3.00
3.00
4.00
3.00
4.00
1.00
0.00
3.00
4.00
0.00
6.00

10.00
3.00
3.00
4.00
4.00
2.00
400
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Word frequency Coarticulation

Estimate Pvalve Estimate Pvale
(95% Cl) (95% CI)
Intercept B =32356™" B =3810.80""
(813.01,334.12) (202.21,329.39)
t=60.09 t=3277
p <0.001 p <0001
Word frequency B=—260"
(348, -1.72)
581
p <0.001
Spectral distance p =126
(0.27,2.26)
t=249
p <002
Phone duration B =154.24
(77.52,230.96)
t=394
p <0001
Gender: male B= 5457 B =—60.16""
(~59.08, ~50.06) (-68.32, ~52.01)
=-2374 =-14.46
p <0.001 p <0001
Mat. Ed. p=17.89"" B =22.50""
(15.13,20.64) (17.67,27.34)
t=1272 t=9.12
p <0.001 p <0001
Observations 16,214 5,265
Residual Std. Error 144.25 (df = 16,210) 148.56 (df = 5,250)
F Statis 261,84 (of =3; 7891 (of = 4;
16,210) (p < 0.001) 5,250) (p < 0.001)

*p < 0.05;**p < 0.01; **'p < 0.001.

tin models containing unnested variables (Maternal Education and Gender) and nested
variebles that are actually of interest (.e. Word Frequency), alpha values and standard
errors are artificially inflated, so these statistics are not reported.
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Real word

Dog
Juice
Cat
Book
Balloon
Cookie
Puppy
Chicken
Banana
Telephone
Lolipop
Pajamas

Non-word (orthography)

kog
buice
jat

dook
challoon
pookie
kuppy
bicken
bajapop
telina
lolamas.
panaphone

Phonetic transcription

[og)

['bjus]
['dseet]
[duk]
[fa."lun]
[puki
['ka.pi]
[brkon]
[ba.ee.pop]
[telina]
[laamas]
[po."nae.foon]
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Construct Measure

Variables in current
study

Possible range of
values

Global quality

CLASS-Toddler

Emotional and behavioral
support

Positive climate

Recoded negative climate
Teacher sensitivity

Regard for child
perspectives

Engaged support for
learning

Facilitation of learning and
development

Quiality of feedback
Language modeling

All items measured
ona 1-7 scale;
Sub-domains and
domains represent
the average of all
relevant items, so
will be scored from
1to7.

Linguistic complexity

CHAT and
CLAN
standardized
coding
schemes

Justice et al.
(2013) coding
scheme

Linguistic diversity:

D: Total word types/total
words, adjusted for length
of language sample

Structural complexity:
Mean length of
utterance —w: Average
number of words per
utterance

Inclusion of specific
syntactic constructions
Simpler constructions: verb
phrases, prepositional
phrases,
adjectives/adverbs

More complex
constructions: subordinate
clauses, modifying verbal
phrases, advanced
phrases, compound
sentences

Minimum = O,
Maximum = 1

Minimum = O,
Maximum
unbounded

Frequency counts
Minimum = O,
Maximum
unbounded

Talk strategies

Project-derived
coding
schemes

Teacher remarks

Child responses

Teacher responses to child
responses

Child-initiated Talk
Teacher responses to
child-initiated talk

target words

Frequency counts
Minimum = O,
Maximum
unbounded





OPS/images/fpsyg-12-712647/fpsyg-12-712647-t004.jpg
Word length Word types

Estimate P-value Estimate Pvalve
(95% Cl) (95% CI)
Intercept p=4336" p=2214
(42.15, 44.57) (~3.30, 47.57)
t=7031 t=1.71
p <0001 p=0.10
Word length B =043
(0.19,0.66)
t=355
p <0001
Word types $=008"
(0.004,0.16)

Exp. vocab. (18 months)t B =-003 -0.03
(~0.03, ~0.03) (-0.07,0.01)
t=-130
p=021
Mat. Ed. p=738 p=127"
(7.06,7.71) (2.44,12.10)
t .95
p=001
Observations 8317 38
Residual Std. Error 14.79 (of = 8,313) 14.84 (df = 34)
F Statistic 704.19™ (df = 3;

8313) (p < 0.001

' <0.05;*p < 0.01; *"p < 0.001.

1In models containing unnested vriables (Matemel Education and Vocabulery Size) and
nested variables that are actually of interest (., Word Length), alpha values and standard
errors are artificially inflated so these statistics are not reported.
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Estimate Pvalue

(95% CI)
Intercept B=5024"
(48.05, 52.44)
t=4488
p <0.001
Spectral distance B =017
(~0.28, ~0.06)
t=-297
p=0004
Phone duration p=-4.99
(~13.81,389)
t=—111
p=027
Recep. vocab. (11 months)t =002
(0.01,008)
Mat. Ed. p =369
(3.18,4.24)
Observations 5,241
Residual Std. Error 17.09 (df = 5.236)
F Statistic 5072+ (of = 4; 5,236) (o < 0.001)
*p < 0.05; *p < 0.01; **p < 0.001.

#in models containing unnested variables (Maternal Education and Vocabulary Size) and
nested variables that are actually of interest (i.e., Word Length), alpha values and standard
errors are artificially inflated so these statistics are not reported.
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Estimate Pvelue

(95% Cl)
Intercept p=—67.15
(~320.88, 186.58)
t=-052
p =061
Word types p=1.24
(0.47,2.02)
t=313
p=0004
Gender: male p=-7580
(~176.75, 25.15)
t=—-147
p=015
Mat. Ed. B =3941
(-8.89,87.72)
t=1.60
p=0.12
Observations 40
Residual Std. Error 15037 (df = 36)
F Statistic 441 (df =3, 36) (p = 0.01)

*p < 0.05; < 0.01; ***p < 0.001.
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Est. SE t

Intercept 1.28 0.22 5.82
Parent utterance <0.01 <0.01 0.93
vhhindex range

intercept 614 6.15 9.98
infant vocalization 135 213 0.64
WCM-SE score
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Est. SE t

Intercept 135 0.26 5.28
Parent utterance -0.03 021 -0.16
vhh-index ratio

Intercept 0.68 0.02
infant vocalization <-0.01 0.01
WCM-SE score
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Est. SE t

Intercept 1.49 0.22 6.64
Parent utterance -0.02 0.01 -2.24%
weighted mean

vhh-index

Intercept 9.13 0.65 140
Infant vocalization -0.31 0.30 -1.04

WCM-SE score
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Est. SE t

intercept 1.49 023 649
Parent utterance -0.01 001 -2.06*
weighed max

vhh-index

intercept 153 122 126
infant vocaiization -0.13 052 -0.26

WCM-SE score
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Domains Complexity parameter N points

Word patterns ~ >2 sylables 1 per vocalization
Non-initial stress 1 per vocalization

Sylable structures  Word-final consonant 1 per vocalization
Consonant cluster! 1 per occurrence

Sound classes  Velar consonant [k}, [g], o], [§] 1 per occurrence
Liquid [, [, [ 1 per occurrence
Fricative* [, [, [s], [, [, sl . W, 1 per occurrence
[LAC]
Voiced fricative (v}, [z}, [#}, (] 1 per occurrence
Trill 1), (&) 3 per occurrence

Long, front, rounded vowel y), [e], [s] 1 per occurrence

"Only consonant clusters within syllables were counted. *Vocalzation-final [h] excluded,
since that is likely to be release of breath.
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Example
transcription

a.bm

cC
tekelee
hCLy
hon.ge.je

Complexity parameters

Non-inital stress, word-final consonant,
consonant cluster

Word-final consonant

>2 syllables, velar consonant [}

>2 syllables, frcative [h]

>2 syllables, non-initial stress, velar
consonants [y] and [g], frcative [n]

Points

ERVININ
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Est. SE t

intercept 1.36 0.25 555
Parent utterance <-0.01 <001 -0.27
mean vhh-index

intercept 72.8 3.37 216
infant vocalization 0.41 118 0.34

WCM-SE score
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Est. SE t

Intercept 129 0.24 547
Parent utterance <001 <001 0.38
max vhh-index

Intercept 1068 6.75 158
Infant vocalization 166 207 0.80

WCM-SE score
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Model

A Total responses

A child’s speech

| Types
Il Tokens
1l LU
A Expansions

A Child’s speech

\% Types
Y Tokens
Y LU

A Talking over reading
A Child’s speech

Vil Types
Vil Tokens
IX LU

Total effect Direct effect Indirect effect

B c SE 95% CI B c’ SE 95% CI B a b ab Boot SE Boot 95% CI
7.61 Q.27 4.06 [-0.58, 15.79] 3.64 0.53 3.62 [-3.65, 10.94] 3.96 0.58 0.58 0.29 2.56 [-0.68, 9.48]
8.31 0.62 4.02 [0.20, 16.41] 4.24 0.32 3.53 [-2.88, 11.37] 4.06 0.58 0.55 0.30 2.48 [-0.61, 9.27]
8.87 0.66 3.90 [0.99, 16.74] 7.04 0:52 3.97 [-0.97, 15.04] 1.54 0.55 0.24 0.13 il [-0.68, 5.82]
7.61 0.57 4.06 [-0.58, 15.79] 229 0.16 3.65 [-5.17, 9.58] 5.40 0.70 0.58 0.41 281 [0.84, 12.15]
8.30 0.62 4.02 [0.20, 16.41] 3.88 028 3.86 —3.91, 11.66 4.43 0.70 0.47 0.33 2.61 [0.47, 10.46]
8.87 0.66 3.90 [0.99, 16.74] 8.30 0.62 4.20 —0.18, 16.79 0.57 0.70 0.06 0.04 1.73 [-2.51, 4.75]
7.61 057 4.06 [-0,58, 15.79] 3.21 0.24 3.83 —4.52,10.93 4.40 0.68 0.48 0.32 2.49 [0.36, 10.12]
8.31 0.62 4.02 [0.20, 16.41] 3.42 0.25 3.65 —3.94,10.77 4.89 0.68 0.53 0.36 2.62 [0.54, 11.01]
8.87 0.66 3.90 [0.99, 16.74] 6.21 0.46 3.99 —1.85, 14.27 2.67 0.68 0.29 0.20 1.82 [-0.13, 6.83]

Significant results are highlighted in bold.
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Parent-implemented
Intervention (X)

‘.

Changes in functional
features of parental speech
input (M)

c/c

Changes in child’s speech
measures (Y)
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Intervention group

Control group

Participants’ characteristics (n=24) (n=22) let (df) p

Gestational age (weeks), mean (SD) 37.38 (3.12) 38.03 (2.76) 0.74 (44) 0.464
Birthweight (grams), mean (SD) 2782.58 (942.69) 2939.82 (648.12) 0.64 (44) 0.524
Length of stay in hospital (days), mean (SD) 13.58 (35.62) 4.36 (5.63) —1.19 (44) 0.237
Gender (Female), n (%) 10(41.7) 7 (31.8) 0.48 (1, 46) 0.489
Firstborn, n (%) 14 (58.3) 8 (36.4) 3.08 (1, 46) 0.214
Twins, n (%) 4(16.7) 4(18.2) 0.02 (1, 46) 0.892
Otitis media, n (%) 14.2) 2(9.1) 0.46 (1, 46) 0.499
Family history of language and/or learning disorders (LLD), n (%) 6 (25.0) 4(18.2) 0.31 (1, 46) 0.575
Child-care center attendance, n (%) 21 (87.5) 13 (69.1) 4.80 (1, 46) 0.028
Other parent input besides Italian, n (%) 2(8.3) 14.5 0.23 (1, 46) 0.632
Mother’s age (years), mean (SD) 40.04 (5.20) 35.98 (4.69) —2.79 (44) 0.008
Father’s age (years), mean (SD) 42.00 (56.09) 38.70 (6.59) —1.98 (41) 0.055
Mothers with high educational level (>13 years), n (%) 17 (70.8) 13 (69.1) 0.70 (1, 46) 0.404
Fathers with high educational level (>13 years), n (%) 11 (46.8) 9 (40.9) 0.11 (1, 46) 0.736
Mother’s nationality (Italian), n (%) 23 (95.5) 21 (95.8) 0.01 (1, 46) 0.950
Father’s nationality (Italian), n (%) 23 (95.5) 21 (95.8) 0.01 (1, 46) 0.950
Age at pre-intervention (months), mean (SD) 30.86 (1.44) 31.30 (1.06) 1.65 (44) 0.280
Age at post-intervention (months), mean (SD) 37.02 (1.44) 37.13(1.15) 0.29 (44) 0.777
Pre and post-intervention interval (days), mean (SD) 187.29 (62.21) 177.36 (40.75) —0.71 (44) 0.479

Significant results are displayed in bold.
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Pre-intervention assessment

Post-intervention assessment

A Pre-post assessment

Univariate test Time X Intervention

Intervention Group

(n =24)

Parental speech —structural features

Parental speech —functional features
96.92 (65.57)

Total Responses

Exacts 3.63 (3.69)
Reductions 0.29 (0.69)
Expansions 4.29 (4.92)
Talking over reading 0.69 (0.14)
Child’s speech

Types 9.28 (9.09)
Tokens 6.11(8.22)
MLU 1.05 (0.26)

Types 202.92 (38.44)
Tokens 603.13 (151.59)
MLU 3.25(0.42)

Control Group

(n=22)

182.32 (47.91)

563.55 (201.46)

3.14 (0.51)

108.05 (57.69)
2.95 (3.40)
0.60 (1.25)
2.64 (3.26)
0.71 (0.17)
6.04 (4.95)

10.17 (10.84)
0.98 (0.33)

Intervention Group

(n=24)

202.55 (45.31)
618.59 (201.59)

3.47 (0.61)

137.42 (85.50)

5.00 (3.99)
1.25 (1.80)
9.63 (6.78)
0.75 (0.20)

26.29 (21.71)
56.60 (40.13)

1.36 (0.38)

Control Group

(n=22)

186.99 (85.91)
521.59 (243.62)

3.11(0.38)

94.77 (79.33)

(
3.95 (4.20)
0.59 (1.09)
4.68 (5.35)
0.62 (0.26)

15.79 (19.69)
50.48 (78.97)

1.03 (0.50)

Intervention Group

(n=24)

—0.37 (38.86)
15.46 (152.44)
0.22 (0.59)

40.50 (97.30)
1.38 (4.19)
0.96 (2.01)
5.33(8.19)
0.05 (0.20)

17.02 (23.81)
50.49 (41.92)
0.31(0.42)

Control Group
(n=22)

4.67 (89.10)
—41.96 (213.25)
—0.02 (0.37)

—13.27 (85.62)
1.00 (3.52)
0.00 (1.77)
2.05 (5.24)

—0.09 (0.23)

9.75 (16.55)
40.31 (76.44)
0.05 (0.50)

F(1,43)

0.03
117
2.47

4.57
0.87
0.01
4.06
6.14

3.34
7.41
3.25

P

0.869
0.285
0.124

0.038
0.356
0.975
0.050
0.017

0.075
0.009
0.079

partial y2

0.001
0.026
0.054

0.096
0.020
0.001
0.086
0.125

0.072
0.147
0.070

Significant results are highlighted in bold. Parental and child types and tokens are computed as rate per 10 min.
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Ground truth Predictions

cpsis CDShas  Non-native CDS label Implications for
universally universal  labeling  relatesto CDS universality
tied to prosodic  accuracy affect

positive feature(s) rating

affect

True True High High CDS is universally

identifiable via both
prosody and affect

False False Low High? CDS is not universally
identifiable on the
basis of prosody or
affect

True False High High CDS is universally
identifiable via affect
but not prosody

False True High Low CDS is universally
identifiable via
prosody but not
affect

Here we assume that our English-speaking participants, in the absence of other options,
will rely on affect in their judgments.
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Experiment 1
cds

ads

overall
Experiment 2a
cds

ads

overall
Experiment 2b
cds

ads

overall

2,323
3,827
6,150

2,938
2,351
5,289

2,039
592
2,631

mean

0.84
0.79
0.82

0.78
0.84
0.81

0.51
0.52
0.52

sd

0.37
0.40
0.38

0.41
037

0.50
0.50
0.50
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