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Abstract

Maternal interactive style may support early language, yet whether its dimensions relate dif-
ferently to expressive vocabulary by birth status remains unclear. A two-wave longitudinal 
study included 149 Chinese mother–child dyads (59 preterm, 90 term; ages 9–30 months); 
124 completed a four-month follow-up. Maternal interactive style was coded from free 
play, and mothers reported children’s expressive vocabulary. Principal component analysis 
yielded three components: Positive Interaction Support, Support for Autonomous Explo-
ration, and Emotional-Affective Support. A Linear mixed model tested group differences in 
maternal interactive style, group-specific hierarchical regressions examined prospective 
associations adjusted for baseline vocabulary and covariates, and a pooled moderation 
regression tested birth-status interactions. Maternal interactive style differed significantly 
between groups, with no detectable group-by-dimension interaction. In the separate regres-
sion models, Positive Interaction Support was prospectively associated with later expressive 
vocabulary in both groups, Support for Autonomous Exploration did so in the term group, 
and Emotional-Affective Support was not significant in either group. In the pooled model, 
the Support for Autonomous Exploration × birth-status interaction was directionally consis-
tent with this pattern but did not remain significant after Holm correction. These findings 
link specific components of maternal interactive style to later vocabulary, while whether 
these associations vary by birth status requires further investigation.

Keywords: maternal interactive style; expressive vocabulary; preterm children; longitudinal 
study

1. Introduction
Preterm birth is a major global health concern associated with long-term developmental 

difficulties (Blencowe et al., 2013). Children born preterm tend to have smaller vocabularies 
and lower scores on measures of language comprehension and production than term-born 
peers, although outcomes vary widely within this population (Varela-Moraga et al., 2023; 
Hong et al., 2024). These differences have often been attributed to neurodevelopmental 
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factors, including neural immaturity and difficulties in attentional regulation (Gonzalez-
Gomez et al., 2021).

Neurodevelopmental risk alone, however, does not fully account for variation in early 
language development. Because language develops through social interaction, the behaviors 
that caregivers display during interactions may also contribute to individual differences 
in language outcomes (Rowe & Snow, 2020; Tamis-LeMonda et al., 2001, 2014). At the 
same time, the Transactional Model emphasizes that influences between children and 
caregivers are bidirectional (Sameroff, 1975); accordingly, children’s existing language 
abilities may also shape caregivers’ behavior. Yet little is known about which aspects of 
maternal interactive style were prospectively associated with later expressive vocabulary 
beyond children’s initial vocabulary levels in preterm and term-born children. It also 
remains unclear whether these prospective associations differ by birth status.

1.1. Maternal Interactive Style and Expressive Vocabulary Development in Toddlers
Social-interactionist accounts propose that children acquire language through shared 

activities and sustained communication with others. The learning value of language input 
during infancy and toddlerhood depends not only on how much language children hear 
but also on when it occurs, how closely it aligns with their current focus of attention, 
and whether caregivers adapt their language to children’s comprehension and expressive 
abilities (Rowe & Snow, 2020). Because mothers are often primary caregivers and frequent 
interaction partners during this period, maternal interactive style is an important aspect of 
the quality of early language interaction (Tamis-LeMonda et al., 2001, 2014).

Maternal interactive style has been described as the way mothers communicate with 
their children (Younesian et al., 2021). It encompasses not only mothers’ verbal communi-
cation but also how they organize interactions, for example, by interpreting and responding 
to their child’s signals, guiding activities, and expressing emotion (Tryphonopoulos et al., 
2025). Rowe and Snow (2020) distinguish interactive, linguistic, and conceptual dimensions 
of caregiver input, arguing that these dimensions may support language learning through 
partially different mechanisms. This multidimensional view suggests that maternal inter-
active style should not be reduced to a single global score; rather, its distinct dimensions 
should be examined in relation to language outcomes.

These dimensions may support word learning through several related processes. Re-
sponses that follow a child’s current focus of attention or communicative intent align 
language with the objects and events already under consideration, thereby reducing referen-
tial ambiguity and helping to sustain joint attention (McGillion et al., 2013; Tamis-LeMonda 
et al., 2014). Attig and Weinert (2020) distinguished maternal sensitivity from stimulating 
interaction behavior and found that their associations with children’s language differed 
across developmental periods. Modeling, expansions, task assistance, and cognitive facilita-
tion may further support children’s participation and provide scaffolding for understanding 
and using words (Attig & Weinert, 2020; Roggman et al., 2013; Vallotton et al., 2017). At an 
affective level, positive emotional exchanges may help maintain engagement, whereas intru-
sive or overly controlling behavior may interrupt ongoing activity and limit opportunities 
for child-initiated communication (Landry et al., 2006; Masur et al., 2005).

These processes may be especially relevant to expressive vocabulary, which reflects chil-
dren’s active use of words to refer to objects, describe actions, and communicate intentions 
rather than language comprehension alone. By following children’s interests, extending 
their communicative attempts, and providing appropriate support, mothers may provide 
children with additional opportunities to participate in exchanges and use words. Expres-
sive vocabulary can be assessed reliably during infancy and toddlerhood and is associated 
with later language abilities (Fisher, 2017; Marchman et al., 2023). Longitudinal research 
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has linked early maternal responsiveness to the timing of children’s language milestones 
and their later language outcomes (Tamis-LeMonda et al., 2001). However, different ma-
ternal behaviors may not be equally relevant to language development. A meta-analysis 
reported stronger associations with child language for sensitive responsiveness than for 
general warmth (Madigan et al., 2019), suggesting that distinct components of maternal 
interaction should be considered separately.

Distinguishing these components is complicated by variation in how maternal interac-
tive style is measured. Maternal interactive style is commonly assessed from recordings of 
parent–child free play, structured tasks, or everyday routines (Lotzin et al., 2015). Microana-
lytic coding divides maternal interaction behaviors into specific, narrowly defined categories. 
These systems capture momentary behaviors through interval coding or continuous record-
ing and quantify them by their frequency or as a proportion of all maternal behaviors. 
Global ratings instead characterize maternal sensitivity, warmth, support, or control across 
an extended interaction (Bornstein & Manian, 2013; Morawska et al., 2015). Microanalytic 
measures provide a more fine-grained account of the moment-to-moment characteristics of 
specific maternal interactive behaviors, whereas global ratings describe the broader patterns 
of maternal support, affect, and behavioral organization of the interaction (Bornstein & 
Manian, 2013; Funamoto & Rinaldi, 2015). Because these approaches operate at different 
levels, the resulting measures of maternal interactive style are not directly interchangeable.

Observational measures also differ in the behaviors they include and in how these 
behaviors are combined. For example, the Caregiver–Child Affect, Responsiveness, and 
Engagement Scale and related measures reviewed by Funamoto and Rinaldi (2015) em-
phasize affect, responsiveness, and joint engagement. The Parent–Child Early Relational 
Assessment includes positive and negative affect, behavioral involvement, and intrusiveness 
(Clark, 1999), whereas the observational dimensions used by Loi et al. (2017) include 
sensitivity, positive regard, cognitive facilitation, intrusiveness, and negative regard. Some 
studies derive an overall score, whereas others focus on a single domain or combine several 
behaviors into a broader measure of supportive interaction. Consequently, maternal inter-
active style does not necessarily refer to the same set of behaviors across studies. Moreover, 
harmonization of measures across studies does not guarantee that the measures capture 
identical constructs (Jaekel et al., 2026), which may make it difficult to compare the spe-
cific associations of different interaction components with language development (Lotzin 
et al., 2015). These differences underscore the need to assess maternal interactive style 
systematically across multiple dimensions within a common observational framework.

1.2. Maternal Interactive Style and Language Development in Children Born Preterm
The transactional model (Sameroff, 1975) emphasizes the bidirectional nature of in-

fluences between children and caregivers. Children’s early behavioral characteristics and 
ways of signaling may shape caregivers’ perceptions of and responses to them, and these 
responses may, in turn, influence children’s development (Liu et al., 2020). Accordingly, 
mothers’ behaviors during interaction may reflect both their own interactive style and an 
ongoing process of adapting to their children’s characteristics under specific developmen-
tal conditions.

From this perspective, examining maternal interactive style during the early develop-
mental period of children born preterm is important. Compared with term-born children, 
children born preterm are at greater risk of difficulties related to neurological maturation, 
attentional regulation, and language processing (Gonzalez-Gomez et al., 2021). These 
developmental characteristics may not only directly influence children’s later language 
development but may also be reflected in early parent–child interactions.
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Evidence for differences in maternal interaction between preterm and term groups 
remains mixed. A meta-analysis of controlling behavior found that parents of children 
born preterm displayed more controlling or intrusive behavior on average (Toscano et al., 
2020). By contrast, another meta-analysis found no overall group differences in maternal 
sensitivity or responsiveness (Bilgin & Wolke, 2015). Hartzell et al. (2023) similarly reported 
inconsistent findings across studies: some observed lower sensitivity or greater intrusiveness 
among mothers of children born preterm, whereas others found no differences or effects 
in the opposite direction. More recently, an individual participant data meta-analysis 
identified a small but consistent positive association between gestational age and maternal 
sensitivity; child neurodevelopment and maternal education were also associated with 
sensitivity (Jaekel et al., 2025). Together, these findings suggest that birth status alone 
provides an incomplete account of maternal interaction and that meaningful variation may 
exist within both groups. There is therefore a need to move beyond mean-level comparisons 
and examine individual variation in specific maternal behaviors and how it relates to 
children’s language outcomes.

However, examining group differences in maternal interactive style alone is not suf-
ficient to clarify how it relates to children’s language development. A more important 
question is whether this association varies by birth status. Some children born preterm may 
experience difficulties maintaining joint attention, sustaining engagement, and responding 
to interactional cues (Zmyj et al., 2017; Ataman-Devrim et al., 2024). These difficulties may 
influence how mothers provide support and how much children benefit from different 
interactive behaviors. Structured guidance, together with language and cognitive support 
matched to children’s abilities may be particularly relevant to the language performance 
of some children born preterm. When children have difficulty sustaining an activity or 
completing a task, appropriate prompts, demonstrations, and assistance may help them 
remain engaged in the shared activity and create opportunities for vocabulary learning. 
Younesian et al. (2021) found that, in the preterm group, supportive guidance aligned 
with children’s current focus was associated with their language performance. McMahon 
et al. (2022) also found a significant interaction between structured guidance and birth 
status: structured guidance was significantly associated with language development in the 
moderate-to-late preterm group, but not in the term group. These findings are consistent 
with the possibility that more structured support may have particular relevance for some 
children born preterm. Emotional expression during interaction may also help sustain 
children’s willingness to participate and support positive parent–child interactions (Landry 
et al., 2006; Erickson et al., 2018; Treyvaud et al., 2016). However, a meta-analysis found 
that general warmth was less strongly associated with children’s language than sensitivity 
or cue-contingent responsiveness (Madigan et al., 2019). Therefore, whether affective be-
haviors have an independent association with vocabulary development, and whether this 
association varies by birth status, remains to be examined.

Another set of interaction behaviors worth considering involves following children’s 
current focus, responding to their communicative cues, and avoiding unnecessary interrup-
tions; these behaviors may help align the interaction with children’s immediate interests 
and ways of participating. However, the association between these behaviors and lan-
guage development may depend on children’s ability to initiate and sustain interaction. 
Younesian et al. (2021) reported that maternal responsiveness to children’s attention and 
communicative cues was significantly associated with language development in the term 
group, whereas no significant association was observed in the preterm group. Because 
the study analyzed the two groups separately, this finding alone does not establish that 
the associations differed between groups. McMahon et al. (2022), in contrast, found that 
lower intrusiveness was positively associated with language development in both groups, 
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while the interaction between birth status and intrusiveness was not significant. Thus, 
evidence remains mixed as to whether following children’s lead and reducing intrusiveness 
are differently associated with language development across the two groups. Moreover, 
Younesian et al. (2021) and McMahon et al. (2022) both used cross-sectional designs. 
Their findings therefore reflect associations between maternal interactive behaviors and 
children’s concurrent language performance and cannot establish whether these behaviors 
are associated with children’s later language development.

In addition, Loi et al. (2017) combined maternal sensitivity, language expansion, and 
low intrusiveness, assessed when children were 22 months old, into a composite mea-
sure of interaction. This composite was associated with children’s receptive vocabulary at 
36 months, but birth status did not significantly moderate the association. However, combin-
ing multiple behaviors into a single score may have obscured potential differences in their 
dimension-specific associations. In other words, birth status may moderate the association 
between particular aspects of maternal interaction and language development, rather than 
uniformly altering the overall relevance of maternal interaction. It is therefore important 
to distinguish multiple interactive behaviors within a common observational framework 
and use a prospective design to examine whether birth status moderates the associations 
between specific aspects of interaction and children’s later expressive vocabulary.

1.3. The Present Study
The present study used a two-wave longitudinal design to examine multiple dimen-

sions of maternal interactive style within a common observational framework. After evalu-
ating the empirical structure of the initial behavioral indicators, we compared mothers of 
children born preterm and at term on the resulting dimensions. We then tested whether 
maternal interactive style at the first assessment (T1) was prospectively associated with 
expressive vocabulary at the second assessment (T2) after accounting for baseline vocab-
ulary and directly examined whether these associations were moderated by birth status. 
Given the mixed evidence regarding group differences and the language-related functions 
of specific maternal behaviors, the study addressed three research questions as follows:
(1) Do mothers of children born preterm and at term differ across components of maternal 

interactive style?
(2) Do the maternal interactive style components predict T2 expressive vocabulary, and 

which dimensions show independent associations?
(3) Does birth status moderate the associations between maternal interactive style at T1 

and expressive vocabulary at T2?
Based on prior research, we expected maternal behaviors involving contingent re-

sponses to children’s cues and developmentally appropriate scaffolding to be positively 
associated with children’s later expressive vocabulary after accounting for their initial vocab-
ulary. We expected general affective warmth to be less strongly associated with children’s 
language than behaviors more directly related to contingent interaction or language-learning 
support. Although previous cross-sectional studies suggest that the association between 
structured guidance and language performance may vary by birth status, it remains unclear 
whether similar differences would be observed for later vocabulary. We therefore treated 
the birth-status moderation analyses as exploratory.

2. Materials and Methods
2.1. Participants

Mother–child dyads involving children aged 9–30 months were recruited through 
childcare centers, child hospitals, and online platforms in Shanghai and Chongqing, China. 
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Preterm birth was defined as a gestational age of less than 37 weeks, whereas term birth was 
defined as a gestational age of 37 weeks or more. For the age eligibility criterion, corrected 
age was used for children born preterm and chronological age for children born at term. 
Corrected age was calculated by subtracting the number of weeks of prematurity (40 weeks 
minus gestational age at birth) from chronological age.

Dyads were eligible if (a) the child had no parent-reported congenital, neurological, 
sensory, genetic, or metabolic conditions; (b) the mother was a primary or secondary 
caregiver who spent at least 30 min with the child each day and at least 7 h in total each week; 
and (c) Mandarin Chinese was the primary language used in mother–child communication. 
To assess the typicality of the recorded interaction, mothers separately rated how closely their 
own behavior and their child’s behavior during the interaction resembled their behavior 
in typical daily interactions, using 10-point scales ranging from 1 (not at all similar) to 
10 (extremely similar). In the pilot study, most mothers gave high similarity ratings, whereas 
the few mothers whose ratings were below the cutoff described atypical circumstances 
during post-session interviews. Based on these findings, dyads were retained for analysis 
only if both ratings exceeded 6. A total of five dyads did not meet this criterion and were 
excluded: three in the preterm group and two in the term group.

An a priori sample-size calculation was conducted using G*Power 3.1 for a linear 
multiple regression model testing an R2  increase. With a medium effect size (f2  = 0.15), 
α = 0.05, power = 0.80, three tested predictors, and six predictors in the birth-status group 
model, the estimated minimum sample size was 77. A total of 167 mother–child dyads were 
initially recruited, including 67 preterm and 100 term dyads. Following screening, 149 dyads 
met the eligibility criteria and completed T1 assessment (preterm: n = 59; term: n = 90), of 
whom 124 completed T2 assessment approximately four months later (preterm: n = 50; term: 
n = 74). The participant flow, including screening, exclusions, and attrition, is summarized 
in Supplementary Figure S1. Of these 149 dyads, most preterm dyads were recruited 
through hospitals (41/59, 69.5%), whereas most dyads in the term group were recruited 
online (73/90, 81.1%). Given the marked imbalance in recruitment sources between the 
birth-status groups, we conducted a sensitivity analysis adjusting for recruitment source. As 
shown in Table 1, the groups did not differ significantly in child age at either T1 or T2, sex, or 
the interval between assessments. Maternal educational attainment was significantly higher 
in the term group than in the preterm group, whereas paternal educational attainment and 
annual per capita household income did not differ significantly between groups. Detailed 
baseline family sociodemographic characteristics are provided in Supplementary Table S1.

Table 1. Child and follow-up characteristics.

Characteristic Preterm Term p

Sample size at T1, n 59 90 –
Sample size at T2, n 50 74 –

Boys, n (%) 34 (57.6) 51 (56.7) 0.908
Gestational age, weeks, M (SD) [range] 34.57 (1.97) [29.43, 36.86] 39.17 (1.04) [37.29, 41.43] <0.001

Age at T1, months, M (SD) [range] 18.29 (6.01) [9, 30] 18.84 (5.58) [9, 30] 0.571
29–31 + 6 weeks, n (%) 5 (8.5%)
32–33 + 6 weeks, n (%) 12 (20.3%)
34–36 + 6 weeks, n (%) 42 (71.2%)

Birth weight, kg, M (SD) [range] 2.29 (0.58) [1.08–3.95] 3.30 (0.48) [1.57–4.80] <0.001
neonatal medical history, n (%) 0.076

Yes 18 (30.5) 16 (17.8)
No 41 (69.5) 74 (82.2)
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Table 1. Cont.

Characteristic Preterm Term p

History of neonatal hospitalization, n (%) <0.001
Yes 40 (67.8) 11 (12.2)
No 19 (32.2) 79 (87.8)

Hospital stay among hospitalized 
children, day, M (SD) [range] 20.50 (15.00) [1–54] 6.55 (5.24) [3–21] <0.001

Age at T2, months, M (SD) [range] 22.12 (5.90) [13.00, 34.00] 22.85 (5.65) [13.00, 34.00] 0.488
Interval between T1 and T2, months, M 

(SD) [range] 4.05 (0.31) [3.38, 4.54] 3.96 (0.23) [3.45, 4.48] 0.089

Note: Child age refers to corrected age in the preterm group and chronological age in the term 
group. Continuous variables were compared using independent-samples t tests; categorical variables 
were compared using chi-square or Fisher’s exact tests. Hospital stay data are based on hospi-
talized children only (preterm: n = 40; term: n = 11). Gestational age categories apply only to 
the preterm group. T1 = first assessment; T2 = approximately four-month follow-up. M = mean; 
SD = standard deviation.

Attrition analyses compared dyads retained at T2 with those who participated only at 
T1; the results are presented in Supplementary Table S2. Dyads retained at T2 and those 
lost to follow-up did not differ significantly on any of the baseline variables examined.

The research project was approved by the Ethics Committee of East China Normal 
University (protocol number: HR 655-2021). Before data collection, all mothers provided 
written informed consent for their own participation, and the legal guardians of the minor 
participants were informed about the study and signed the consent form on behalf of 
the children.

2.2. Procedure
At T1, mothers completed the background questionnaire. Maternal interactive style was 

assessed during a 15-min mother–child free-play task, and children’s expressive vocabulary 
was assessed through maternal report.

The free-play task was conducted in a quiet assessment room at a hospital or in a 
laboratory. A floor mat and a standardized set of age-appropriate toys spanning 12 categories 
were provided. Mothers were instructed to play with their children as they normally 
would in everyday life. After confirming that each mother understood the instructions, the 
researcher left the room and remained outside for the duration of the task. The interaction 
was recorded using three Logitech Brio 4K C1000e webcams (Logitech, Jiangsu, China), with 
audio captured throughout. Immediately afterward, mothers rated how closely the recorded 
interaction resembled their typical everyday interactions. Ratings were high and did not 
differ significantly between the preterm and term groups for either child behavior (preterm: 
M = 8.36, SD = 1.19; term: M = 8.32, SD = 1.09), t(147) = 0.18, p = 0.859, or maternal 
behavior (preterm: M = 8.86, SD = 0.84; term: M = 8.80, SD = 1.20), t(146.35) = 0.39, 
p = 0.701.

At T2, approximately four months after T1, children’s expressive vocabulary was 
reassessed using the same maternal-report measure.

2.3. Measures and Materials
2.3.1. Sociodemographic Data

The sociodemographic characteristics of the sample were examined using a background 
questionnaire, which included information about child sex, date of birth, gestational age, 
maternal and paternal education levels, and annual per capita household income. Maternal 
and paternal education levels were each coded on a four-level ordinal scale. Drawing on 
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income classifications from the Seventh National Population Census and the Chinese General 
Social Survey, annual per capita household income was grouped into four bands. The coded 
values for maternal education, paternal education, and annual per capita household income 
were each standardized across the full sample. The mean of the three resulting z scores 
was calculated to form a composite socioeconomic status (SES) index, with higher scores 
indicating higher SES (Li & Wei, 2023).

2.3.2. Maternal Interactive Style Observational Coding Scheme
The maternal interactive style coding scheme comprised 16 observational indicators 

selected and adapted from three established approaches to caregiver–child interaction: 
the Caregiver-Child Affect, Responsiveness, and Engagement Scale (Funamoto & Rinaldi, 
2015), the Parent–Child Early Relational Assessment (Clark, 1999), and the Child–Parent 
Interaction Rating Scales (Loi et al., 2017; Lotzin et al., 2015). The initial indicator pool 
covered responses to child signals, language and cognitive support, affective expression 
and coordination, support for children’s autonomous participation, and intrusive or con-
trolling behavior. These domains were theoretically organized around broad dimensions 
of sensitivity, warmth, facilitation, and control (see Supplementary Table S3 for the initial 
framework). Each indicator was rated on a five-point scale using behaviorally defined 
anchors. All indicators were scored such that higher values represented more responsive 
and supportive maternal behavior. Detailed item definitions and scoring procedures are 
provided in Supplementary File S1.

Coding began after the initial 1-min acclimation period and covered the subsequent 
10 min of continuous interaction. Principal component analysis (PCA) was conducted using 
the 16 observational indicators from all 149 T1 mother–child dyads in the pooled sample. 
Because the coding scheme selected and adapted indicators from established observational 
approaches rather than administering a complete measure with validated subscales, PCA 
was used to summarize their covariation into a smaller number of behavioral composites 
for subsequent analyses. The components were identified empirically from the present 
sample, and their labels were assigned based on rotated loading patterns and theoretical in-
terpretation. The data were suitable for principal component analysis (Kaiser–Meyer–Olkin 
[KMO] = 0.89; 𝜒2 (120) = 1738.03, p < 0.001). Parallel analysis favored retaining two com-
ponents, whereas the Kaiser criterion (i.e., retaining components with initial eigenvalues 
greater than 1) supported retaining three. The observed eigenvalues and the parallel-
analysis reference values based on normally distributed data and permutation procedures 
are reported in Supplementary Table S4, Panel A. The two-component solution split the 
indicators related to children’s autonomous participation—which were classified under 
sensitivity and control, respectively, in the initial theoretical framework—between the two 
components. The complete Promax-rotated pattern matrix for the two-component solution 
is provided in Supplementary Table S4, Panel B. By contrast, the three-component solu-
tion allowed this set of behaviors to be examined separately. Accordingly, for exploratory 
purposes, we retained the three-component solution in the primary analyses. The three 
retained components jointly accounted for 67.96% of the total variance. The retained com-
ponents were subjected to Promax rotation. Component 1, Positive Interaction Support, 
captured maternal language input, task assistance, cognitive facilitation, play guidance, and 
affective coordination (loadings: 0.57–0.88). Component 2, Support for Autonomous Explo-
ration, reflected flexible and nonintrusive responses to children’s verbal and nonverbal cues 
and exploratory behavior (loadings: 0.47–0.87), while Component 3, Emotional-Affective 
Support, captured positive emotional expression and lower levels of negative affect and 
directive language (loadings: 0.51–0.87). The three components were moderately positively 
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correlated, with intercomponent correlations ranging from 0.50 to 0.57. The Promax-rotated 
pattern matrix was provided in Supplementary Table S4, Panel C.

Cronbach’s α coefficients for the three components were 0.90, 0.86, and 0.76, respec-
tively. Regression-based component scores were generated using a fixed component-score 
coefficient matrix estimated from the pooled T1 sample. The coefficient matrix is provided 
in Supplementary Table S4, Panel D. Higher scores indicated stronger maternal support 
in the corresponding component of maternal interactive style. Interrater reliability was 
assessed using a randomly selected subset of 45 recordings (30.2%) that were independently 
coded by both coders. Both coders completed the same standardized training protocol 
before coding the recordings. The coders were blind to the study hypotheses and were not 
provided with the children’s birth-status group, expressive-vocabulary scores, or other de-
mographic or clinical information. Because coding was based on video recordings, however, 
observable features of the child and the interaction context could not be masked. Agreement 
was quantified using single-measure, absolute-agreement intraclass correlation coefficients 
(ICCs) from a two-way random-effects model. The ICCs, with 95% confidence intervals 
(CIs), were 0.88 [0.80, 0.94] for Positive Interaction Support, 0.80 [0.64, 0.89] for Support for 
Autonomous Exploration, and 0.77 [0.57, 0.87] for Emotional-Affective Support.

2.3.3. Child Expressive Vocabulary
Children’s expressive vocabulary was assessed using the Putonghua Communicative 

Development Inventories (PCDI; Tardif et al., 2008), the Mandarin Chinese adaptation 
of the MacArthur–Bates Communicative Development Inventories. The PCDI includes 
a Words and Gestures (W&G) form for children aged 8–16 months and a Words and 
Sen-tences (W&S) form for children aged 16–30 months. To ensure coverage across the 
sam-ple’s age range and maintain a common item set across waves, mothers completed 
the 799-item W&S form at both assessments, indicating whether their child produced each 
word. This form comprises a 799-word checklist. The W&S form includes all 411 vocabulary 
items from the Words and Gestures form for children aged 8–16 months. A word was 
counted as produced only when the child used it spontaneously and repeatedly with a 
stable referential meaning. The number of words meeting this criterion was summed to 
create a raw expressive vocabulary score ranging from 0 to 799, which was used in all 
analyses. Previous validation of the PCDI showed a correlation of r = 0.69 with the Gesell 
Developmental Diagnostic Schedules and a test–retest coefficient of r = 0.98 for the Words 
Produced scale (Tardif et al., 2008).

2.4. Statistical Analysis
Before the primary analyses, values outside the M ± 3 SD range were winsorized 

separately by birth-status group for maternal interactive style and SES, and within each 
birth-status group at each assessment wave for expressive vocabulary (Wilcox, 2017). The 
resulting scores were used in all primary analyses. To evaluate the impact of winsorization, 
all central analyses were repeated using the original, unwinsorized values.

All primary analyses were conducted in R version 4.5.2. In all analyses that included 
child age, corrected age was used for children born preterm and chronological age for 
children born at term. Descriptive statistics and Pearson correlations among the main 
study variables were calculated separately for the preterm and term groups. To provide 
descriptive context on expressive vocabulary development, a 2 (birth-status group: preterm 
vs. term) × 2 (time: T1 vs. T2) mixed-design ANOVA tested time and birth-status effects 
on expressive vocabulary.

A linear mixed model (LMM) examined birth-status differences across the three 
empirically derived components of maternal interactive style. Birth-status group, maternal 
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interactive-style component, and their interaction were included as fixed effects; birth status 
was specified as a between-dyad factor and component as a within-dyad factor; child age at 
T1 and SES were included as covariates; and a random intercept for dyad was included. The 
model was estimated using restricted maximum likelihood. Fixed effects were evaluated 
using Type III Wald χ2  tests. Estimated marginal means and contrasts were calculated using 
Kenward–Roger degrees of freedom. If the group × component interaction was significant, 
group differences within each component were examined using contrasts of estimated 
marginal means with Holm adjustment.

Hierarchical multiple linear regressions were conducted separately for the preterm and 
term groups to examine the prospective associations between maternal interactive style at T1 
and children’s expressive vocabulary at T2. Child age at T1 and SES were entered at Step 1 
to account for age-related and socioeconomic variation relevant to maternal interactive 
style and children’s language development. T1 expressive vocabulary was entered at Step 2 
to account for children’s baseline vocabulary level, and scores for the three components 
of maternal interactive style at Step 3. The incremental contribution of these component 
scores was assessed using ΔR2  and the corresponding F-change test comparing Steps 2 
and 3. The group-specific models used complete cases from the preterm (n = 50) and term 
(n = 74) groups. Residual, heteroscedasticity, multicollinearity, and influence diagnostics 
were conducted for the final models in the preterm and term groups. Cases flagged by the 
screening criteria were examined in one-at-a-time case-deletion analyses.

Building on these group-specific models, a pooled moderation regression was fitted 
using the complete-case sample (N = 124) to test whether the associations differed by 
birth status. The model retained the same predictors and added birth status and its in-
teractions with the three maternal interactive-style components. Continuous predictors 
were z-standardized using the pooled-sample means and standard deviations, and birth 
status was effect-coded (preterm = 0.5, term = −0.5). HC3 robust standard errors were 
used. The three interaction terms were evaluated jointly using a robust Wald test. To 
account for multiplicity across the three exploratory tests, we applied the Holm proce-
dure. Group-specific simple slopes were estimated to describe the pattern of associations. 
Bias-corrected and accelerated (BCa) 95% confidence intervals for the pooled-model co-
efficients and simple slopes were also obtained from 5000 bootstrap resamples stratified 
by birth status. Residual, heteroscedasticity, multicollinearity, and influence diagnostics 
were conducted for the pooled moderation model. DFBETAs for the interaction terms were 
included in the influence screening, and flagged cases were examined in one-at-a-time 
case-deletion analyses.

To examine whether the findings were sensitive to using the PCDI Words and Sentences 
form outside its conventional age range, we repeated the group-specific hierarchical regres-
sions and pooled moderation analysis among children who were within the 16–30-month 
age range at both T1 and T2 (n = 71), using the same model specifications. To address miss-
ing T2 vocabulary data, we also conducted a multiple-imputation sensitivity analysis using 
predictive mean matching. We generated 50 imputed datasets separately by birth-status 
group. The imputation models included the variables in the substantive analyses (T1 age, 
SES, T1 expressive vocabulary, and the three maternal interactive-style components), as 
well as child sex and gestational age as auxiliary variables. The group-specific regression 
models and pooled moderation model were refitted in each imputed dataset, and estimates 
were combined across imputations. We also conducted two sensitivity analyses: one using 
chronological rather than corrected age for preterm children, and another including dyads 
excluded on the basis of developmental-typicality ratings.

To examine whether the group-specific regression findings were sensitive to component 
scoring, we refitted the group-specific hierarchical regression models using scores from 
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the two-component solution favored by parallel analysis and scores derived from a three-
component PCA re-estimated after excluding indicators with the lowest primary-component 
assignment retention rates in the bootstrap stability analysis. For the latter set of alternative 
scores, we also refitted the pooled moderation model. All models used the same covariate 
specifications and estimation procedures as the primary analyses.

Finally, we conducted two additional sensitivity analyses: we refitted the T1 LMM and 
prospective regression models using chronological rather than corrected age for preterm 
children, and refitted the T1 LMM after reinstating the five dyads excluded based on the 
typicality of their interaction ratings. Because these dyads did not complete follow-up, this 
sensitivity analysis was limited to the T1 LMM.

3. Results
3.1. Descriptive Analyses and Correlations

Data screening indicated that, in the preterm group, one Emotional-Affective Support 
score and two SES scores were winsorized. In the term group, three Emotional-Affective 
Support scores and two Support for Autonomous Exploration scores were winsorized. The 
group-specific cutoffs and the number of values affected are reported in Supplementary 
Table S5.

Expressive vocabulary increased significantly from T1 to T2 across both groups, 
F(1, 122) = 139.16, p < 0.001, 𝜂p2  = 0.533, and was higher overall among term-born children 
than among preterm children, F(1, 122) = 5.66, p = 0.019, 𝜂p2  = 0.044. The group × time 
interaction was not statistically significant, F(1, 122) = 3.58, p = 0.061, 𝜂p2  = 0.028. The 
estimated T1-to-T2 increase was 142.42 words in the preterm group (95% CI [98.44, 186.40]) 
and 196.80 words in the term group (95% CI [160.65, 232.94]). The estimated difference in 
change (preterm minus term) was −54.38 words (95% CI [−111.30, 2.55]). Although the 
estimated increase was numerically larger in the term group, the confidence interval for the 
difference in change included zero; thus, these estimates do not establish either a between-
group difference. The distributions of vocabulary scores are provided in Supplementary 
Table S6 and Supplementary Figure S2.

Descriptive statistics and Pearson correlations for the two birth-status groups are 
presented in Table 2. Positive Interaction Support and Support for Autonomous Explo-
ration were positively correlated with expressive vocabulary at both waves in both groups. 
Emotional-Affective Support was significantly positively correlated with expressive vocabu-
lary only in the term group.

Table 2. Descriptive statistics and Pearson correlations by birth-status group.

Variable Preterm
M ± SD

Term
M ± SD 1 2 3 4 5 6 7

1. Child age at T1 18.29 ± 6.01 18.84 ± 5.58 — 0.11 0.49 *** 0.27 * 0.08 0.76 *** 0.78 ***
2. SES −0.20 ± 0.79 0.15 ± 0.66 0.10 — 0.15 0.08 0.35 *** 0.22 * 0.18

3. Positive Interaction Support −0.37 ± 1.04 0.24 ± 0.90 0.33 * 0.44 *** — 0.44 *** 0.40 *** 0.46 *** 0.59 ***
4. Support for Autonomous 

Exploration −0.23 ± 1.10 0.16 ± 0.87 0.25 0.30 * 0.68 *** — 0.41 *** 0.30 ** 0.40 ***

5. Emotional-Affective 
Support −0.24 ± 1.17 0.19 ± 0.72 −0.05 0.32 * 0.56 *** 0.61 *** — 0.25 * 0.29 *

6. Expressive vocabulary at T1 97.19 ± 161.50 180.23 ± 238.83 0.55 *** 0.19 0.36 ** 0.34 ** 0.15 — 0.82 ***
7. Expressive vocabulary at T2 254.02 ± 261.44 384.66 ± 295.30 0.77 *** 0.30* 0.62 *** 0.49 *** 0.24 0.87 *** —

Note: Values are M ± SD for descriptive statistics. Correlations above the diagonal are for the term 
group, and correlations below the diagonal are for the preterm group. Child age refers to corrected 
age in the preterm group and chronological age in the term group. * p < 0.05; ** p < 0.01; *** p < 0.001.
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3.2. Birth-Status Group Differences in Maternal Interactive Style
A linear mixed model tested whether maternal interactive style differed between birth-

status groups and whether the magnitude of this difference varied across components.
After controlling for child age at T1 and SES, the main effect of birth status was 

significant, 𝜒2 (1) = 7.88, p = 0.005. The adjusted marginal group difference, averaged across 
the three components and expressed as preterm minus term, was B = −0.35, SE = 0.12, 95% 
CI [−0.59, −0.10]. Neither the main effect of component, 𝜒2 (2) = 0.23, p = 0.891, nor the 
group × component interaction, 𝜒2 (2) = 2.22, p = 0.329, was significant (Figure 1). Thus, the 
groups differed in overall maternal interactive style, with no evidence that the magnitude 
of this difference varied across components. Child age at T1 was positively associated with 
maternal interactive style, B = 0.03, SE = 0.01, 95% CI [0.01, 0.05], p = 0.001. SES was also 
positively associated with maternal interactive style, B = 0.33, SE = 0.08, 95% CI [0.16, 0.49], 
p < 0.001.

Figure 1. Scores on the three components of maternal interactive style by birth-status group. Small 
circles represent individual winsorized scores, and boxplots show the medians and interquartile 
ranges. Diamonds represent estimated marginal means from the linear mixed model (LMM) after 
controlling for child age at T1 and socioeconomic status (SES); error bars indicate 95% confidence 
intervals. Child age refers to corrected age in the preterm group and chronological age in the term 
group. Blue denotes the preterm group and green the term group.

3.3. Prospective Associations Between Maternal Interactive Style Components and 
Expressive Vocabulary

Hierarchical regressions examined whether the three maternal interactive-style compo-
nents were prospectively associated with T2 expressive vocabulary beyond T1 vocabulary, 
child age, and SES within each birth-status group.

In the preterm group (Table 3), the model including child age and SES accounted 
for 63.3% of the variance in T2 expressive vocabulary. Adding T1 expressive vocabulary 
explained a further 22.7% of the variance. The final model was significant, F(6, 43) = 68.85, 
p < 0.001, and explained 90.6% of the variance (adjusted R2  = 0.893). The three maternal 
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interactive-style components added a further 4.5% of explained variance, ΔF(3, 43) = 6.91, 
p < 0.001. Positive Interaction Support was positively associated with T2 expressive vocabu-
lary: a one-unit increase in its score was associated with an estimated 61.93 additional words, 
95% CI [24.72, 99.13], p = 0.002. The estimates for Support for Autonomous Exploration 
(B = 2.38, 95% CI [−30.80, 35.56], p = 0.886) and Emotional-Affective Support (B = −0.27, 
95% CI [−29.33, 28.79], p = 0.985) were not statistically significant.

Table 3. Hierarchical regression analysis of maternal interactive style predicting expressive vocabulary 
at T2 in the preterm group.

Model Predictor 𝚫R2 B (SE) 95% CI for B 𝜷 p

1 Child age at T1 0.633 31.65 (3.80) [24.00, 39.29] 0.74 <0.001
SES 62.87 (29.10) [4.34, 121.41] 0.19 0.036

2 Child age at T1 0.227 16.04 (2.98) [10.04, 22.04] 0.38 <0.001
SES 38.48 (18.37) [1.51, 75.46] 0.12 0.042
T1 expressive vocabulary 0.93 (0.11) [0.72, 1.15] 0.61 <0.001

3 Child age at T1 0.045 14.13 (2.71) [8.66, 19.60] 0.33 <0.001
SES 12.37 (16.68) [−21.28, 46.01] 0.04 0.463
T1 expressive vocabulary 0.84 (0.09) [0.65, 1.03] 0.55 <0.001
Positive Interaction Support 61.93 (18.45) [24.72, 99.13] 0.25 0.002
Support for Autonomous Exploration 2.38 (16.45) [−30.80, 35.56] 0.01 0.886
Emotional-Affective Support −0.27 (14.41) [−29.33, 28.79] −0.001 0.985

Note: N = 50. B = unstandardized regression coefficient; SE = standard error; 𝛽 = standardized 
regression coefficient; SES = socioeconomic status. ΔR2  represents the increase in explained variance 
relative to the preceding model. Child age refers to corrected age.

In the term group (Table 4), the model including child age and SES accounted for 61.6% 
of the variance in T2 expressive vocabulary. Adding T1 expressive vocabulary explained 
a further 11.6% of the variance. The final model was also significant, F(6, 67) = 43.59, 
p < 0.001, and explained 79.6% of the variance (adjusted R2  = 0.778). The three maternal 
interactive-style components added a further 6.4% of explained variance, ΔF(3, 67) = 7.02, 
p < 0.001. Positive Interaction Support was positively associated with T2 expressive vo-
cabulary (B = 56.93, 95% CI [9.55, 104.32], p = 0.019), as was Support for Autonomous 
Exploration (B = 68.61, 95% CI [18.40, 118.82], p = 0.008). Emotional-Affective Support 
was not statistically significant (B = −25.78, 95% CI [−91.93, 40.37], p = 0.439).

Table 4. Hierarchical regression analysis of maternal interactive style predicting expressive vocabulary 
at T2 in the term group.

Model Predictor 𝚫R2 B (SE) 95% CI for B 𝜷 p

1 Child age at T1 0.616 40.48 (3.89) [32.72, 48.25] 0.77 <0.001
SES 52.85 (33.34) [−13.63, 119.33] 0.12 0.117

2 Child age at T1 0.116 18.74 (5.14) [8.49, 28.99] 0.35 <0.001
SES 26.75 (28.47) [−30.03, 83.52] 0.06 0.351
T1 expressive vocabulary 0.67 (0.12) [0.43, 0.92] 0.54 <0.001

3 Child age at T1 0.064 14.72 (4.95) [4.85, 24.59] 0.28 0.004
SES 27.42 (27.16) [−26.78, 81.63] 0.06 0.316
T1 expressive vocabulary 0.62 (0.11) [0.39, 0.84] 0.5 <0.001
Positive Interaction Support 56.93 (23.74) [9.55, 104.32] 0.17 0.019
Support for Autonomous Exploration 68.61 (25.15) [18.40, 118.82] 0.19 0.008
Emotional-Affective Support −25.78 (33.14) [−91.93, 40.37] −0.06 0.439

Note: N = 74. B = unstandardized regression coefficient; SE = standard error; 𝛽 = standardized 
regression coefficient; SES = socioeconomic status. ΔR2  represents the increase in explained variance 
relative to the preceding model. Child age refers to chronological age.
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Diagnostics for the group-specific models are presented in Supplementary Table S7 
and Supplementary Figure S3. The Shapiro–Wilk tests indicated that residuals in both 
models deviated from normality, whereas the residual-versus-fitted plots showed no clear 
systematic curvature. The heteroscedasticity tests were not statistically significant, and the 
highest variance inflation factor across the two models was 2.88, indicating no substan-
tial multicollinearity. The main pattern of associations remained unchanged when cases 
identified through diagnostic screening were removed one at a time.

To test whether these prospective associations differed by birth status, we fitted a 
pooled regression model including birth status × interactive style interactions. The overall 
model was significant, F(10, 113) = 58.50, p < 0.001, R2  = 0.838. Adding the three inter-
actions between birth status and the maternal interactive-style components increased R2 
by 0.005. The omnibus test of the three birth-status interaction terms was not significant, 
𝜒2 (3) = 5.21, p = 0.157. At the component-specific level, the birth status × Support for Au-
tonomous Exploration interaction showed a nominally significant association, B = −57.85, 
HC3 SE = 26.11, unadjusted p = 0.029, BCa 95% CI [−109.56, −7.13]. The estimate suggested 
a stronger association between Support for Autonomous Exploration and T2 expressive 
vocabulary in the term group than in the preterm group. However, this interaction did 
not remain significant after Holm adjustment (p = 0.086) and should therefore be inter-
preted cautiously. The birth-status interaction was not statistically significant for Positive 
Interaction Support (B = 16.18, HC3 SE = 26.77, unadjusted p = 0.547, Holm-adjusted 
p = 0.953, BCa 95% CI [−36.26, 66.32]) or Emotional-Affective Support (B = 20.59, HC3 
SE = 28.83, unadjusted p = 0.477, Holm-adjusted p = 0.953, BCa 95% CI [−31.68, 79.26]). 
Simple-slope analyses showed a positive association between Support for Autonomous 
Exploration and T2 expressive vocabulary in the term group, B = 64.55, p = 0.005, but 
no significant association in the preterm group, B = 6.71, p = 0.607 (Figure 2). Complete 
results are reported in Supplementary Table S8. Detailed model diagnostics are provided 
in Supplementary Table S9 and Supplementary Figure S4. The Shapiro–Wilk test indicated 
that the residuals deviated from normality; visual inspection of the residual-versus-fitted 
plot showed no clear, sustained curvilinear pattern. The heteroscedasticity test was not 
statistically significant, and the highest variance inflation factor was 2.31, indicating no 
substantial multicollinearity. When cases identified through diagnostic screening were 
removed one at a time, the joint test of the three interaction terms remained nonsignifi-
cant, while the unadjusted test of the Support for Autonomous Exploration × birth-status 
interaction remained nominally significant.

The unwinsorized and multiple-imputation analyses yielded estimates for the principal 
associations that were broadly similar in direction and magnitude to those from the primary 
analyses; their confidence intervals were also consistent with the same overall pattern 
of findings (see Supplementary Tables S10 and S11, respectively). In the age-restricted 
subsample of children within the conventional 16–30-month age range at both assessments 
(n = 71), the overall pattern of results was broadly similar to that of the primary analyses. 
However, the Support for Autonomous Exploration × birth-status interaction, which did not 
remain significant after Holm correction in the primary analysis, was statistically significant 
after Holm correction in this subsample (p = 0.048). Given the smaller sample size and 
exploratory nature of this analysis, as well as the non-significant omnibus test of the three 
interaction terms, this single interaction should not be considered definitive evidence of birth-
status moderation (see Supplementary Table S12). Using scores from the two-component 
solution favored by parallel analysis, the component reflecting broader interactional support 
was positively associated with later expressive vocabulary in both the preterm and term 
groups. However, this solution did not retain a distinct Support for Autonomous Exploration 
component, so associations involving this component could not be examined separately 
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(see Supplementary Table S13). The bootstrap stability analysis showed that Interpretive 
language, Response to verbal cues, and Positive affect expression had the lowest primary-
component assignment retention rates (see Supplementary Table S14, Panel A). After these 
three indicators were excluded and the three-component PCA was rerun, the remaining 
13 indicators retained their original primary-component assignments (see Supplementary 
Table S14, Panel B). In the group-specific regressions, the positive associations of Positive 
Interaction Support with later expressive vocabulary in the preterm group and of Support 
for Autonomous Exploration in the term group remained statistically significant. In the 
term group, the association between Positive Interaction Support and later expressive 
vocabulary remained positive but was no longer statistically significant (p = 0.058, compared 
with p = 0.019 in the primary analysis). The overall pattern of results from the pooled 
moderation model was broadly similar to that of the primary analysis; however, the Support 
for Autonomous Exploration × birth-status interaction was statistically significant after 
Holm adjustment (p = 0.015; see Supplementary Table S14, Panels C–E). Results were 
broadly similar when chronological rather than corrected age was used for preterm children 
(see Supplementary Table S15). When the five dyads excluded based on the typicality of 
their interaction ratings were reinstated, the T1 LMM also showed a pattern similar to the 
primary analysis (see Supplementary Table S16).

Figure 2. Association between Support for Autonomous Exploration and expressive vocabulary at 
T2 by birth status. Points represent partial residuals from the adjusted model, lines represent fitted 
simple slopes, and shaded areas represent 95% confidence bands. The pooled moderation model was 
adjusted for expressive vocabulary at T1, child age at T1, and socioeconomic status (SES). Displayed 
B values are change in vocabulary words per 1-SD increase in Support for Autonomous Exploration. 
Child age refers to corrected age in the preterm group and chronological age in the term group.

4. Discussion
The present study adopted a two-wave longitudinal design to examine associations 

between maternal interactive style and expressive vocabulary in children born preterm 
and at term. The groups differed significantly in overall maternal interactive style. Positive 
Interaction Support was prospectively associated with future expressive vocabulary in both 
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groups, whereas Support for Autonomous Exploration was a significant positive predictor 
in the term group but not in the preterm group. The estimated birth-status interaction was 
consistent with a stronger association in the term group. However, this component-specific 
finding was exploratory and did not remain significant after Holm adjustment. These 
findings provide longitudinal evidence linking specific components of maternal interactive 
style to expressive vocabulary development, while the possibility that these associations 
differ by birth status requires further investigation.

4.1. Birth-Status Differences in Maternal Interactive Style
The preterm and term groups differed in overall observed maternal interactive style, 

averaged across the three empirically derived components. The group × component in-
teraction was not statistically significant, indicating that we did not detect evidence that 
the group contrast varied across components. With respect to Support for Autonomous 
Exploration, the descriptive pattern observed in the present sample was broadly consistent 
with previous research on maternal intrusiveness and controlling behavior. Few studies 
have examined Support for Autonomous Exploration directly. Instead, related work has 
focused on maternal intrusiveness and control. These studies have reported higher levels 
of controlling or intrusive behavior in interactions involving children born preterm (Loi 
et al., 2017; McMahon et al., 2022; Younesian et al., 2021). Consistent with this pattern, de-
scriptive observations in the present sample suggested a greater tendency toward adult-led 
interaction in the preterm group, including less support for child-led activity, less flexible 
alignment with children’s interests, and more frequent interruption of ongoing activity.

The overall group difference observed in the present study is not fully consistent with 
studies reporting no significant birth-status differences in maternal sensitivity (Loi et al., 
2017; Snijders et al., 2020; Stolt et al., 2014). One possible explanation is that the present study 
distinguished among three dimensions, whereas previous studies often relied on global 
sensitivity scores or broader measures of interaction quality. A multidimensional approach 
can help characterize score patterns across different aspects of maternal interaction; however, 
the present findings do not establish whether the group difference was concentrated in any 
one component or varied across components.

The observed group difference may reflect dyadic adaptation to differing developmen-
tal conditions rather than a stable difference in maternal caregiving. From a transactional 
perspective, this pattern may arise from the interplay between children’s developmental 
characteristics and the family caregiving context. Children born preterm may show less 
stable or predictable communicative signals when initiating behavior, maintaining interac-
tion, and responding socially (Coughlan et al., 2024a, 2024b; Hartzell et al., 2023). These 
characteristics may make children’s cues more difficult for mothers to identify and anticipate. 
Mothers may consequently take a more active role in initiating and sustaining interaction. 
Parenting stress and emotional challenges associated with preterm birth may also affect 
maternal affective expression. For example, Neri et al. (2017) found that higher parenting 
stress was associated with less affect-salient maternal speech. Accordingly, the observed dif-
ferences should be understood in relation to the developmental and interactional demands 
of the dyad, rather than as shortcomings of either partner. Early support for families of 
children born preterm may therefore be better tailored to their interactional characteristics.

4.2. Prospective Associations Between Maternal Interactive Style and Expressive Vocabulary
Beyond the group differences in maternal interactive style, this study also found that 

children in the preterm group had lower expressive vocabulary scores than those in the 
term group at both assessment waves, and that vocabulary scores increased over time 
in both groups. This finding is broadly consistent with previous research and further 
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underscores the persistent risk of early language difficulties among children born preterm 
(Hong et al., 2024).

More importantly, the present study further suggests that maternal interactive style was 
significantly associated with T2 expressive vocabulary in both the preterm and term groups. 
The three maternal interactive-style components jointly explained an additional 4.5% and 
6.4% of the variance in the preterm and term groups, respectively. These increments 
represent a modest additional contribution to the prediction of later vocabulary beyond 
child age, SES, and baseline vocabulary. The individual dimensions, however, showed 
different prospective association patterns.

4.2.1. Positive Interaction Support
Positive Interaction Support was prospectively associated with T2 expressive vocabu-

lary in both groups. This finding is consistent with previous research linking scaffolding, 
encouraging feedback, and instructional guidance to children’s language development 
(Attig & Weinert, 2020; Strother-Garcia et al., 2026; Vallotton et al., 2017; Younesian et al., 
2021). In the present study, this empirically derived component captured a broad pattern 
of maternal interaction that included scaffolding-related behaviors, such as task assistance, 
cognitive facilitation, and play guidance, alongside affective coordination and the quality 
of maternal language input. By providing rich and semantically appropriate language 
input, offering assistance calibrated to children’s abilities, and guiding activities around 
their interests, mothers may support children’s active use of language (Madigan et al., 2023; 
Vygotsky, 1980).

One possible interpretation is that this composite dimension captures a combination of 
interactional features that previous research has associated with word learning. For exam-
ple, when maternal language follows children’s current focus and is semantically aligned 
with the ongoing activity, children may map new words onto their referents more readily, 
reducing referential ambiguity and making the input more comprehensible (Masek et al., 
2021; Salerni & Suttora, 2022; Tamis-LeMonda et al., 2014). Task assistance and cognitive 
facilitation may help children remain engaged and create additional opportunities for com-
munication and word production (Lowe et al., 2021; Vallotton et al., 2017). These findings 
from prior research provide a theoretical context for the present association. However, 
because the relevant behaviors were coded together, the present analyses cannot determine 
whether any of these processes account for the observed association. These mechanisms 
should therefore be regarded as possibilities suggested by previous research, rather than 
explanations established by the present study.

4.2.2. Support for Autonomous Exploration
Group-specific regression results showed that Support for Autonomous Exploration 

was positively associated with later expressive vocabulary in the term group, whereas no 
significant association was observed in the preterm group. The interaction in the pooled 
model was directionally consistent with this pattern, but it was no longer significant after 
Holm correction, and the joint test of the three interaction terms was not statistically signifi-
cant. Therefore, this pattern should be regarded as preliminary; further evidence is needed 
to determine whether birth status moderates this association.

One developmentally grounded interpretation is that maternal flexibility, low intru-
siveness, and timely responses to child cues may provide children in the term group with 
greater opportunities for autonomous exploration (Loi et al., 2017). Such support may 
allow children to select objects of attention, sustain exploration, and initiate communication 
in a relatively open interaction. Because expressive vocabulary reflects active word use 
rather than comprehension or imitation alone (Jiménez & Hills, 2022), following children’s 
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interests, allowing time for a response, and avoiding premature takeover may create more 
opportunities for spontaneous expression and active vocabulary use (Taylor et al., 2008; 
Zhao et al., 2026). The association may therefore depend partly on children’s capacity for 
independently regulating attention and initiating behavior.

Children born preterm may experience greater challenges in attention regulation, 
behavioral initiation, and sustaining interaction (Coughlan et al., 2024a, 2024b; Hartzell 
et al., 2023). These characteristics may influence how they engage in child-led interactions. 
Consistent with this possibility, Younesian et al. (2021) reported that supportive guidance 
aligned with the child’s current focus was associated with better language performance 
among children born preterm. Accordingly, more direct and more structured Positive 
Interaction Support may be better aligned with the interaction characteristics of some 
children born preterm. This hypothesis, as well as the relative roles of Positive Interaction 
Support and interaction approaches that primarily follow the child’s lead, requires direct 
examination in future research. Because the present study did not directly assess children’s 
attention, behavioral initiation, or need for structured support, this interpretation remains 
speculative. The pattern observed across groups may also partly reflect measurement 
characteristics, sample composition, or uncertainty in the interaction estimate.

4.2.3. Emotional-Affective Support
Emotional-Affective Support was positively correlated with T2 expressive vocabulary 

in the term group but not in the preterm group. After adjustment for T1 vocabulary, the 
covariates, and the other two maternal interactive-style components, it was not an inde-
pendent predictor in either group. This pattern is consistent with meta-analytic evidence 
that general warmth and affective support are less strongly associated with child language 
than sensitive or contingent responsiveness (Madigan et al., 2019). Landry et al. (2006) 
also found that an intervention targeting responsive parenting behaviors promoted infants’ 
word use. Further mediation analyses suggested that this effect was partly explained by 
mothers’ ability to maintain infants’ attention and label objects. Although maternal warmth 
was related to growth in infants’ word use, it did not significantly mediate the intervention 
effect, suggesting that the affective-support dimension represented by warmth may not be 
a primary direct mechanism for word learning.

In the present study, Emotional-Affective Support reflected the affective climate of the 
interaction, including more positive emotional expression and lower levels of negative affect 
and directive control. These behaviors may support children’s willingness to participate 
(Landry et al., 2006) and help maintain a positive parent–child relationship (Erickson 
et al., 2018; Strother-Garcia et al., 2026; Treyvaud et al., 2016). However, compared with 
Positive Interaction Support, affective support may provide less direct semantic or cognitive 
support for word learning (Madigan et al., 2019). This finding does not imply that Emotional-
Affective Support is unimportant; its contribution may be more apparent for other outcomes, 
such as socioemotional functioning or attachment security (Léniz-Maturana et al., 2025; Ziv 
et al., 2000). It should be noted that, because the dimensions were entered into the model 
simultaneously and were correlated with one another, the regression coefficients represent 
unique associations adjusted for the other dimensions. In addition, the group-specific 
sample sizes were limited, which constrained the precision of the estimates. The confidence 
intervals were wide; therefore, an association between Emotional-Affective Support and 
vocabulary cannot be ruled out.

4.2.4. The Potential Value of Examining Distinct Aspects of Maternal Interactive Style
The prospective associations varied across the three empirically derived components of 

maternal interactive style. Positive Interaction Support was associated with later expressive 
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vocabulary in both birth-status groups, whereas Emotional-Affective Support was not an 
independent predictor after baseline vocabulary, covariates, and the other component scores 
were taken into account. Group-specific regression models showed a statistically significant 
positive within-group association between Support for Autonomous Exploration and later 
expressive vocabulary in the term group; the association did not reach statistical significance 
in the preterm group. This pattern of findings is consistent with the multidimensional 
perspective proposed by Rowe and Snow (2020). They distinguish among the interactive, 
linguistic, and conceptual dimensions of caregiver input and suggest that these dimensions 
may support children’s language learning through partially distinct mechanisms. Accord-
ingly, maternal interactive style may not be adequately captured by a single score; examining 
how its distinct aspects relate to language outcomes may reveal more specific patterns of as-
sociation. Examining these behavior groupings within a common observational framework 
allowed us to compare their prospective associations with expressive vocabulary. Positive In-
teraction Support, Support for Autonomous Exploration, and Emotional-Affective Support 
summarize combinations of maternal interactive behaviors identified in the present sample. 
Alternative scoring analyses indicated that some component-specific findings varied across 
scoring specifications. The two-component solution also did not retain a distinct Support for 
Autonomous Exploration component. Accordingly, the three-component solution should 
be interpreted as an exploratory summary of behavioral groupings in this sample, and its 
component labels should not be regarded as established or universally distinct constructs.

4.3. Implications, Limitations, and Future Directions
Beyond general advice to spend more time together or talk more, the findings highlight 

the potential importance of how interaction unfolds, including timely responses to children’s 
current focus, task assistance, cognitive facilitation, rich language input, and support for 
children’s exploration and expression without excessive interruption. Because the study 
was observational, these associations do not establish that changing maternal behavior 
would improve children’s expressive vocabulary. Future intervention research is needed 
to test this possibility, particularly to test whether more direct and scaffolded support and 
autonomy-emphasizing support have different effects on vocabulary development, and 
whether these effects vary by birth status.

Several limitations should be considered. Maternal interactive style was assessed dur-
ing a single laboratory free-play interaction. The materials and limited observation time 
may have constrained or amplified opportunities for maternal task assistance and child-led 
exploration; therefore, the observed behaviors may not fully represent everyday interactions. 
Measurement of expressive vocabulary also warrants consideration: vocabulary was re-
ported by mothers at both waves and may be subject to reporting bias. Maternal interactive 
style, by contrast, was rated from observed interactions, so the predictor and outcome were 
assessed using different methods, reducing the likelihood of common-method bias arising 
from a shared reporter. However, we did not collect an independent language measure and 
therefore could not validate the reported vocabulary against a direct assessment. Moreover, 
some interaction indicators were rated partly according to whether maternal communication 
was appropriate for the child’s developmental level. The resulting scores may thus partly 
reflect children’s language or broader developmental abilities at the time of observation, 
and mothers’ perceptions of their children’s language abilities may have shaped both their 
interaction behavior and their vocabulary reports. Although the prospective models ad-
justed for children’s T1 age and baseline vocabulary, these adjustments cannot fully resolve 
the possible overlap between the interaction ratings and children’s developmental level or 
rule out the influence of maternal reporting tendencies. The applicability of the vocabulary 
measure is another consideration: the conventional age range for the PCDI Words and 
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Sentences form is 16–30 months; 46 children were younger than 16 months at T1, and 12 
were older than 30 months at T2. Among children within the 16–30-month age range at both 
assessments (n = 71), results were broadly similar to those of the primary analyses, except 
that the Support for Autonomous Exploration × birth-status interaction was significant after 
Holm adjustment in this subsample (p = 0.048), whereas the corresponding interaction did 
not remain significant after Holm adjustment in the primary analysis. Given the smaller 
subsample, the exploratory nature of the analysis, and the non-significant omnibus test 
of the three interaction terms, this finding does not establish birth-status moderation and 
cannot rule out the possibility that using the vocabulary measure outside its conventional 
age range affected the findings. Future research should combine repeated naturalistic ob-
servations with direct, age-appropriate language assessments or recordings of children’s 
everyday speech.

The stability and cross-group comparability of the empirically derived components 
of maternal interactive style require further evaluation. The component structure and 
scoring coefficients were derived from the pooled T1 sample (N = 149), and the prospective 
analyses used the follow-up subset of that same sample. The three-component solution 
should therefore be viewed as exploratory and provisional, with its stability and repro-
ducibility requiring evaluation in independent samples. Moreover, applying the pooled 
scoring coefficients to both birth-status groups does not establish that the components have 
equivalent measurement properties across groups. Larger independent studies are needed 
to evaluate the component structure, cross-group comparability, and reproducibility of the 
prospective associations.

The study design places additional limits on interpretation. With only two waves 
approximately four months apart and maternal interactive style assessed only at T1, we 
could examine short-term prospective associations but not longer-term trajectories or re-
ciprocal processes. Because T1 vocabulary and maternal interactive style were measured 
concurrently, we could not determine whether children’s initial language shaped maternal 
behavior. Although the models adjusted for T1 expressive vocabulary and other covariates, 
unmeasured child characteristics (e.g., temperament, attentional regulation, or communica-
tive initiations) may have shaped the observed interactions and later vocabulary. Maternal 
stress and the frequency and duration of everyday mother–child interaction were not mea-
sured, although they may influence maternal behavior and children’s cumulative language 
exposure. The findings should therefore be interpreted as prospective associations rather 
than causal effects. The pooled moderation analysis was based on a relatively modest sam-
ple and may have had limited precision for detecting interaction effects. The exploratory 
Support for Autonomous Exploration × birth-status interaction did not survive Holm adjust-
ment, and the interaction block was not jointly significant. This pattern warrants replication 
in a larger sample before firm conclusions are drawn about birth-status differences.

In addition, gestational age in the preterm group ranged from 29.43 to 36.86 weeks, with 
most children born late preterm. Therefore, the findings may not generalize to extremely 
preterm children or to the full spectrum of preterm births. Recruitment pathways also 
differed markedly by birth-status group. Although results were broadly similar after 
adjustment for recruitment source (see Supplementary Table S17), residual selection bias 
cannot be ruled out. Finally, the children spanned a wide age range during a period of rapid 
vocabulary development. Age and baseline vocabulary were included in the analyses, and 
exploratory age-moderation analyses provided no consistent evidence that the prospective 
associations varied by T1 age (see Supplementary Table S18 for detailed results). However, 
given the modest sample size, these null findings should not be interpreted as evidence that 
the associations are developmentally invariant. Larger longitudinal studies with repeated 
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observations of both mothers and children are needed to examine how these associations 
may change over time.

5. Conclusions
In this two-wave longitudinal study, overall maternal interactive style differed between 

the preterm and term groups. Positive Interaction Support was prospectively associated 
with later expressive vocabulary in both groups. Support for Autonomous Exploration 
showed a positive association only in the term group, whereas no significant association was 
observed in the preterm group. The direction of the Support for Autonomous Exploration 
× birth-status interaction in the pooled model was consistent with this pattern, but the 
interaction was not significant after Holm correction. Whether this association differs by 
birth status therefore requires further investigation in larger samples. Overall, these findings 
provide evidence of prospective associations between maternal interactive-style components 
and children’s later vocabulary.
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Exploration; Table S9: Diagnostic Results for the Pooled Moderation Model; Table S10: Unwin-
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