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Early language development is characterized by large individual variation. 
Several factors were proposed to contribute to individual pathways of language 
acquisition in infancy and childhood. One of the biologically based explaining 
factors is temperament, however, the exact contributions and the timing of the 
effects merits further research. Pre-term status, infant sex, and environmental 
factors such as maternal education and maternal language are also involved. 
Our study aimed to investigate the longitudinal relationship between infant 
temperament and early language development, also considering infant gender, 
gestational age, and birthweight. Early temperament was assessed at 6, 9, 18, 
24, and 30  months with the Very Short Form of Infant Behavior Questionnaire 
(IBQ-R) and the Very Short Form of Early Childhood Behavior Questionnaire 
(ECBQ). Early nonverbal communication skills, receptive and expressive 
vocabulary were evaluated with the Hungarian version of The MacArthur 
Communicative Development Inventory (HCDI). Our study adds further evidence 
to the contribution of infant temperament to early language development. 
Temperament, infant gender, and gestational age were associated with language 
development in infancy. Infants and toddlers with higher Surgency might enter 
communicative situations more readily and show more engagement with adult 
social partners, which is favorable for communication development. Gestational 
age was previously identified as a predictor for language in preterm infants. Our 
results extend this association to the later and narrower gestational age time 
window of term deliveries. Infants born after longer gestation develop better 
expressive vocabulary in toddlerhood. Gestational age may mark prenatal 
developmental processes that may exert influence on the development of 
verbal communication at later ages.
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1 Introduction

Early language development shows great individual variation both in the extension and 
the expansion of receptive and expressive vocabulary. The range of a 12-month-old, typically 
developing child’s receptive vocabulary may span from 25 to more than 200 words, and similar 
variation can be observed in expressive vocabulary (Fenson et al., 2007). Some children utter 
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their first words by the age of 12 months while others only after 
18 months. The rate of development begins to even out by the third 
year of life (Fenson et al., 2007). Previous studies indicated several 
biological factors influencing the dynamics of linguistic development 
in early childhood. Gestational age (Barre et al., 2011), birthweight 
(Stolt et al., 2009), infant sex (Law et al., 2019) and infant temperament 
(Ishikawa-Omori et al., 2022) were among these factors, however, 
social class, family history, certain environmental characteristics 
(AlHammadi, 2017) seem to play a role.

Concerning gestational age, studies suggest that children born 
very preterm and extremely preterm exhibit delayed language skills 
compared to full-term children (Foster-Cohen et al., 2007, 2010). In 
their earlier work, Foster-Cohen et  al. (2007) studied 90 preterm 
children (N = 36 extremely preterm gestational age < 28 weeks, and 
N = 54 very preterm, gestational age 28–33) and 102 full-term children 
(gestational age 38–41). The MacArthur-Bates Communicative 
Development Inventory: Words and Sentences (CDI-WS) at 2 years of 
corrected age was associated with gestational age at birth. Vocabulary 
size, word use quality, morphological and syntactic complexity were 
related to longer gestation before birth. An association between 
gestational age and language outcomes persisted after the authors 
controlled for child and family factors otherwise related to gestational 
age. At 4 years (Foster-Cohen et al., 2010), the association between 
language development and very preterm birth was replicated. These 
children had significantly poorer linguistic outcomes even after 
excluding children with neurosensory impairment and statistical 
control for the effect of social risk. By contrast, Pérez-Pereira et al. 
(2016) studied language performance at 30 months with the Galician 
version of the CDI. Comparing low-risk preterm (mean gestational 
age, GA: 32.60 weeks) and full-term children (GA: 39.84 weeks), they 
found no significant differences in the language outcomes: word 
production, MLU and sentence complexity between groups.

However, the third trimester is characterized by important 
developmental changes in the brain. Shortened gestation, even within 
the normal term delivery range (greater than 37 weeks), had long-
lasting effects on neural development in a healthy, low-risk population 
(Davis et  al., 2011) with lower gray matter density detected by 
magnetic resonance imaging. These structural differences may lead to 
variation in later cognitive development as well. Can et al. (2013) 
identified several brain regions with early white matter and gray-
matter concentrations in association with infants’ receptive language 
ability and expressive language at 12 months. The indicated 
cerebellum, PLIC/cerebral peduncle, and hippocampus are suggested 
to be  associated with early language development. These brain 
developmental processes may contribute to the underlying mechanism 
connecting higher gestational age with better receptive language at 
24 months of age in a sample of toddlers born after 32 weeks of 
gestation (Snijders et al., 2020). The Norwegian Mother and Child 
Cohort Study found that children born both early-term and late-
preterm had an increased risk for communication impairment at 
18 months and for expressive language impairments at 36 months 
(Stene-Larsen et al., 2014). Thus, we hypothesize that the linguistic 
performance of a full-term child may also be related to gestational age 
in a middle-class, term infant sample.

The contribution of birthweight to variations in language 
development tends to be confounded by preterm status (Stolt et al., 
2009; Barre et  al., 2011). No effect of birthweight on language 
outcomes was detected in a sample of Hungarian children on the 

Hungarian version of CDI-III (Dale et al., 2001; Fenson et al., 2007; 
Kas et al., 2022) at 2–4 years of age. The sample of 1,424 term children 
included 9.3% low-birthweight (<2,500 g) children. CDI scores were 
predicted by children’s age, gender, and parents’ education level, 
whereas other factors including birthweight, birth problems, number 
of siblings, birth order, multilingualism, familial net income, and 
children’s chronic illness did not have significant effects. Individual 
differences within normal birthweight (>2,500 g) have not yet been 
linked to language development, however, Full-scale IQ performance 
was positively associated with birthweight within the normal range 
(Matte et al., 2001). Marinopoulou et al. (2021) found that the number 
of words used by children at age 2.5 years was associated with deficits 
in intellectual functioning at age 7 years. Children who used 50 words 
or fewer at age 2.5 years had lower scores of Full-scale IQ, verbal 
comprehension, working memory, and perceptual reasoning at age 
7 years. Given the contradictory results and the potential association 
via IQ, further investigation of the role of birthweight is needed.

Although there is a growing body of research on the role of infant 
temperament (Ishikawa-Omori et  al., 2022), the results are 
inconclusive. Studies differ in the definitions of temperament, the 
stage of language development investigated, the age range of the 
children, the length of data collection, and the set of other variables 
included in the analyses. The diversity of these parameters makes it 
difficult to compare the results. Major theories agree that temperament 
is inherently present at an early age and influences the expression of 
behaviors related to activity, affectivity, and self-regulation (Goldsmith 
et al., 1987; Shiner et al., 2012). However, different approaches to 
temperament use divergent operational definitions and thus operate 
within somewhat different frameworks. According to Rothbart and 
Derryberry (1981) and Rothbart (2007), whose approach was applied 
in the present study, temperament is constitutionally based, can 
be  measured from infancy, and shows a relatively stable pattern 
extending over the lifetime (Hampson and Goldberg, 2006; Putnam 
et  al., 2008; Kopala-Sibley et  al., 2018; Tang et  al., 2020). It can 
be defined as individual differences in reactivity and self-regulation 
that manifest in emotions, activity, and attention. Temperament is 
described by 3 major, distinct factors: Positive Emotionality/Surgency, 
Negative Affectivity and Regulatory Capacity/Effortful Control (see 
Table  1 for example items assessing the three factors). Buss and 
Plomin’s (1984) approach shares some of the concepts and behaviors 
observed, Thomas and Chess (1977) defined rather different 
temperament types based on nine dimensions of temperament that 
captured patterns relevant to clinical practice. While these theories 
consider emotions and affectivity as components of temperament, 
Goldsmith (1996) sees temperament as the expression and regulation 
of emotions. Thus, instruments based on one theory or the other may 
capture different aspects of temperament.

Based on Rothbart’s concept, longitudinal positive associations 
were found between temperament and expressive language skills. 
Children’s expressive vocabulary and length of utterance at 24 months 
were associated with Approach and Perceptual Sensitivity measured 
at 8 and 12 months of age (Davison et  al., 2019). The scales of 
Approach and Perceptual Sensitivity, along with others, contribute to 
the Surgency factor (Gartstein and Rothbart, 2003). Laake and 
Bridgett (2014) also reported that a higher Surgency score measured 
at 10 months was predictive of improved expressive but not receptive 
language at 14 months. This relationship might be related to higher 
infant Surgency predicting higher levels of toddler Effortful Control 
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(Putnam et al., 2008), and in turn, Effortful Control was reported to 
be associated with expressive language (Bruce et al., 2022). Also, as 
Positive Anticipation contributes to the Surgency factor, the general 
learning enhancing aspect or/and the social aspect of positive affect 
might be considered here as well. Kort et al. (2001) reported that 
positive affect enhanced students’ learning behavior. Yang et al. (2013) 
found that positive affect was related to better working memory and 
had a weaker relationship with short-term memory. They suggest that 
positive affect facilitates controlled cognitive processing, leading to 
improved learning ability. We may assume that improved learning 
ability may support language learning as well. Language learning is 
greatly facilitated by interactions with social partners. Dixon and 
Smith (2000) claim that individual differences in positive or negative 
emotionality might moderate the willingness of social partners to 
enter social dialogs in the first place, thus influencing exposure to 
language. Ishikawa-Omori et  al. (2022) studied receptive and 
expressive vocabulary at 40 months. They found that two scales 
contributing to the Negative Affectivity factor, Motor Activation and 
Perceptual Sensitivity at 18 months predicted language skills at 
40 months, however, the associations pointed in opposite directions. 
Higher scores on Perceptual Sensitivity were related to larger 
expressive and receptive vocabulary at 40 months, while higher scores 
on Motor Activation were related to poorer receptive and expressive 
vocabulary. Garello et  al. (2012) also found concurrent negative 
correlations between Motor Activation and language development in 
24- and 30-month-old children.

Early attentional control and the capacity for self-regulation, 
which consistently loaded on the Effortful Control factor, were 
associated positively with language development in infancy and early 
childhood as well. Dixon and Shore (1997) and Dixon and Smith 
(2000) reported that attentional control, positive affect and emotional 
stability measured at 13 months predicted the efficiency of language 
acquisition, including the time of appearance of first words and the 
time and speed of vocabulary expansion at 20–21 months. Dixon and 
Smith (2000) explained this pattern of longitudinal association by 
Rothbart and Bates’s (2007) theory of an early attentional control 

system, which corresponds to the maturation of the anterior 
attentional system at the end of the first year. This early attentional 
control system allows children to voluntarily direct and maintain 
attention and allows flexibility in awareness. In fact, emergent control 
of attention indicated by increases in the duration of orientation from 
7 to 10 months was found to be associated with advanced language 
production at 20 months.

In summary, higher Positive Affect and Effortful Control at the 
end of the first year and the beginning of the second year are associated 
with better language performance between 1 and 2 years of age. 
Conversely, a higher score on the Negative Affectivity between 18 and 
30 months is associated with poorer language performance between 
24 and 40 months. Additionally, Negative Affectivity may influence the 
rate of expressive language development around the age of 2 and 
beyond due to a lower likelihood of engaging in social interactions.

The present study focused on examining the role of perinatal 
variables in addition to temperament in language development and 
assessing concurrent and longitudinal relationships in a longitudinal 
design. Both language development and temperament were evaluated 
repeatedly, allowing for capturing the potentially changing patterns of 
associations between temperament and language skills. In addition to 
expressive language and receptive vocabulary, gestural communication 
was measured. According to the design of CDI, the latter two were 
assessed up to 18 months (Frank et al., 2021). Regression models were 
used to determine the effect of temperament, infant gender and 
perinatal factors.

2 Materials and methods

2.1 Participants

A longitudinal project on early language development was carried 
out by recruiting 186 families. The inclusion criteria for the present 
study were that the child was born on time (gestational age > 37 and 
birthweight >2,500) and was taken to the baby lab at least once. All 

TABLE 1 Example items assessing the 3 factors of temperament (effortful control, Surgency, negative affectivity).

Very Short Form of Infant Behavior Questionnaire 
(IBQ-R)

Very Short Form of Early Childhood Behavior 
Questionnaire (ECBQ)

Surgency During a peekaboo game, how often did the baby laugh? When offered a choice of activities, how often did your child decide 

what to do very quickly and go after it?

When hair was washed, how often did the baby vocalize? When encountering a new activity, how often did your child get 

involved immediately?

How often during the week did your baby move quickly toward new objects? While participating in daily activities, how often did your child seem 

full of energy, even in the evening?

Effortful 

control

How often during the last week did the baby enjoy being read to? When told “no,” how often did your child stop the forbidden activity?

How often during the last week did the baby play with one toy or object for 

5–10 min?

When asked to wait for a desirable item (such as ice cream), how often 

did your child wait patiently?

How often during the last week did the baby stare at a mobile, crib bumper or 

picture for 5 min or longer?

When asked to do so, how often was your child able to be careful with 

something breakable?

Negative 

affectivity

When tired, how often did your baby show distress? When visiting a new place, how often did your child not want to enter?

When introduced to an unfamiliar adult, how often did the baby cling to a parent? When told “no,” how often did your child become sadly tearful?

When introduced to an unfamiliar adult, how often did the baby refuse to go to the 

unfamiliar person?

Following an exciting activity or event, how often did your child seem to 

feel down or blue?
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infants included in the present investigation were of low social risk 
and were the first-born children of their mothers. As is common in 
developmental studies with voluntary participants, mothers with 
higher education were overrepresented, with 75% having college or 
university degrees. All participants came from metropolitan 
(Budapest) or agglomeration areas, all children were monolingual. No 
hearing problems were reported. The sample was ethnically 
homogeneous Caucasians of Hungarian origin. Families were 
recruited at the infant’s birth, 4, 9, and 18 months of age (see Table 2). 
All families received detailed information on the study, and informed 
consent was obtained. The first wave included 74 middle-class mothers 
recruited in the HONVED PMC hospital’s maternity ward. Data were 
collected up to 18 months in this phase. An additional recruitment at 
18 months was planned to increase the sample size continuing to the 
second phase, however, as the dropout rate was higher than previously 
expected due to the COVID-19 epidemic, additional recruitment of 
4- and 9-month-old infants was carried out (see Table 2). The sex ratio 
and infant characteristics in the participating and the dropout families 
did not differ significantly. The present data set includes varying 
numbers of infants at different ages due to the disruption caused by 
the pandemic breaking out during data collection and preventing 
families from visiting the child laboratory. The exact numbers of 
available data at each age are presented in Table 2.

2.2 Procedures and instruments

According to the original protocol, mothers were to fill in the 
questionnaires in the baby lab while lab assistants played with the 
children and administered tests in the passive presence of the mother. 
However, the Covid-19 pandemic resulted in some mothers 
completing the questionnaires from their homes online. There were 
no significant differences in temperament or language between the 
questionnaires administered before and during the pandemic.

Ethical approval for the study was granted by ETT-TUKEB (1942-
12/2016) and EPKEB (77/2015).

2.2.1 Measurements of child temperament
Infant temperament was assessed using the Very Short Forms of 

the Infant Behavior Questionnaire (IBQ–R) (Putnam et al., 2014) and 
the Early Childhood Behavior Questionnaire (ECBQ) (Putnam et al., 
2006). Mothers completed the 37-item IBQ–R and 36-item ECBQ 
(Hungarian versions: Lakatos et al., 2010) either in the baby lab or 
online at home. The IBQ–R was administered at 6 and 9 months of 
infant’s age, whereas the ECBQ was at 18, 24 and 30 months. Mothers 
rated the frequency of their infants’ behaviors over the past two weeks 

using seven-point Likert scales. Three main factors were computed: 
Surgency, Effortful Control, and Negative Affectivity. Cronbach alpha 
coefficients of internal consistency for these factors in this sample 
were between 0.607 and 0.805 (see Table  3). Missing data were 
not substituted.

2.2.2 Measurements of language and 
communication skills

For the assessment of early language development, the Hungarian 
adaptation of the MacArthur-Bates Communicative Development 
Inventory (CDI) Words & Gestures and Words & Sentences parent 
report forms (Fenson et al., 2007) has been used (Kas et al., 2010, 
2022). This questionnaire relies on maternal (caregiver) reports to 
explore children’s receptive and expressive vocabulary and assess their 
level of speech comprehension, gesture use, morpheme acquisition, 
and syntactic complexity through systematic questions. CDI forms are 
suitable for assessing language development in typically developing 
children aged 8–30 months or older with developmental disorders. 
The present study considers the following CDI variables: (1) receptive 
vocabulary total score, (2) expressive vocabulary total score, and (3) 
gestures total score including sub-scores of object manipulation, 
imitation of adults, symbolic activity, and non-verbal gesture use. The 
CDI was first administered at 9 months of age, followed by a second 
administration at 12 months. Thereafter, the course of language 
development was monitored at two-month intervals until the age of 
30 months (Figure 1). For the present report, language data from 18, 
24, and 30 months was included in the analyses. Eighteen months of 
age represents a major turning point in language development, as this 
is the last age when all 3 dimensions of the CDI (receptivity, expression 
and gesture) are assessed. Twenty-four-month language data was 
included because it showed the highest variability. Thirty-month 
expressive language as measured by CDI was also characterized by 
good variability. Temperament was also assessed at these ages, thus 
concurrent associations can be examined.

2.2.3 Analyses
Data were analyzed with IBM SPSS (Version 26). Descriptive 

measures of linguistic variables obtained from H-CDI (Receptive and 
Expressive Vocabulary and Communicative Gestures) and of the 
temperament variables obtained from IBQ-R and ECBQ (Surgency, 
Effortful Control, Negative Affectivity), perinatal variables, and infant 
sex were calculated (Table 4). According to the results of Shapiro–Wilk 
tests, parametric and non-parametric tests were carried out in the 
analyses. Sex differences were investigated for all variables. To examine 
the contribution of temperament, perinatal factors to the individual 
variation in language development, we first analyzed correlations of 

TABLE 2 Number of participants at each data collection point in cohorts recruited at different ages.

Data collection 
points

Cohorts Total number of 
participants

Newborn 4-month 9-month 18-month

6 months 68 39 - - 107

9 months 56 39 26 - 121

18 months 53 36 25 37 151

24 months 42 35 25 37 139

30 months 40 35 25 31 131
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these variables with language development at various ages (see 
Table  5). Variables with significant associations were entered as 
predictors in stepwise linear regression analysis to determine their 
predictive value on the dependent linguistic variables, such as 
receptive and expressive vocabulary and communicative gestures at 
18 months of age, and expressive vocabulary at 24 and 30 months of age.

3 Results

3.1 Descriptive statistics

Means and standard deviations for the whole sample, and for boys 
and girls separately are presented in Table 4. The age-related growth 

of expressive vocabulary between 9 and 30 months is depicted in 
Figure 1.

One-way ANOVA or Kruskal-Wallis tests were applied to assess 
sex differences. No gender differences were observed in gestational 
age, but boys were significantly heavier at birth [H(1, n = 179] = 20.394, 
p < 0.001). Likewise, no significant differences between boys and girls 
appeared on temperament scales at any age, apart from a statistical 
trend towards boys scoring higher on Surgency at 9 months 
[F(1,119) = 2.891, p = 0.092]. However, significant sex differences were 
found in CDI language scores (Table 4). Girls scored higher on all CDI 
sub-scales at most time points, except for receptive vocabulary at 
18 months [H(1, n = 147] = 2.939, p = 0.086), yet with a tendency in 
favor of girls.

3.2 Correlations with language scores

Bivariate relationships between language development and 
temperament, demographic and perinatal variables were explored by 
correlation analyses (Table 5) to select variables for regression analyses 
predicting language outcomes.

Concurrent correlations were investigated at 18, 24 and 30 months. 
18-month Surgency showed a consistent relationship with all measures 
of language development: higher Surgency was related to better 
language skills. Better Effortful Control was significantly related to 
more developed use of gestures and there was a tendency toward 
better receptive vocabulary. At 24 months, higher Surgency was related 
to better expressive vocabulary. At 30 months, the association between 
these two measures only showed a trend-level correlation, however, in 
the same direction as at earlier ages.

Longitudinal correlations were weak and sparse, however, 
Surgency at various ages tended to be related to measures of language 
and communicative development at later ages. Higher Surgency at 
9 months was related to higher receptive vocabulary and gesture use 
at 18 months. Similarly, positive associations appeared between 
18-month Surgency and expressive vocabulary at 24 months, and 
24-month Surgency and expressive vocabulary at 30 months, with 
higher Surgency being related to a more extensive expressive 

TABLE 3 Cronbach’s alpha coefficients of internal consistency of IBQ-R-
SF and ECBQ-SF factors.

Age Scale name Cronbach’s Alpha

6 months

Surgency 0.686

Effortful control 0.677

Negative affectivity 0.805

9 months

Surgency 0.607

Effortful control 0.705

Negative affectivity 0.756

18 months

Surgency 0.738

Effortful control 0.703

Negative affectivity 0.688

24 months

Surgency 0.680

Effortful control 0.723

Negative affectivity 0.626

FIGURE 1

CDI expressive vocabulary scores by age.
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vocabulary. In addition, 18-month receptive vocabulary and gesture 
use were associated with 9-month Effortful Control. Higher Negative 
Affectivity at 6 months was significantly correlated with more 
developed expressive vocabulary at 24 months. However, later 
Negative Affectivity (at 18 months) had the opposite relationship with 
expressive vocabulary at 30 months: more negative affect was 
associated with lower expressive vocabulary a year later.

Of the temperament factors in infancy and early childhood, 
Surgency seems to be indicated in language acquisition both concurrently 
and longitudinally, spanning from receptive to expressive language.

3.3 Longitudinal predictors of language 
development

To better understand how temperament and perinatal factors 
affect each language and communication skill measured by the 
H-CDI, we  conducted linear regression analyses with stepwise 
selection separately for each CDI variable at 18, 24 and 30 months. 
Temperament variables of preceding ages, perinatal variables, and 
infant sex showing significant correlations with the predicted variable 
were included in the regression.

First, we examined receptive vocabulary at 18 months (Table 6). 
Birthweight, Surgency and Effortful Control at 9 months were entered 
in the model. In the final model [R2=0.089, F(1,104) = 10.161, 

p = 0.002], the single significant predictor was Surgency measured at 
9 months (β = 0.298, p = 0.002).1

In the model predicting gestures at 18 months, sex, Surgency, and 
Effortful Control at 9 months were entered (see Table 7). In the final 
model [R2=0.111, F(2,103) = 7.559, p = 0.001], predictive variables were 
Surgency measured at 9 months (β  = 0.272, p  = 0.004) and sex 
(β = −0.275, p = 0.004).2

To predict expressive vocabulary at 18 months, only sex and 
gestational age were entered, as no temperament variable showed a 
significant correlation with this language outcome (see Table 8). Here, 
only one model was generated [R2=0.076, F(1,143) = 11.778, p < 0.001], 
with gestational age reaching significance (β = 0.276, p < 0.001).3

Table  9 presents the regression model predicting expressive 
vocabulary at 24 months, in which sex, gestational age, Surgency and 
Negative Affectivity at 18 months were entered. In the final model 

1 Multicollinearity was not detected (birthweight, Tolerance = 0.99, VIF = 1.00; 

Surgency at 9 months, Tolerance = 1.00 VIF = 1.00; Effortful Control at 9 months, 

Tolerance = 0.84, VIF = 1.19).

2 Multicollinearity was not detected (sex, Tolerance = 0.98, VIF = 1.02; Surgency 

at 9 months, Tolerance = 0.98, VIF = 1.02; Effortful Control at 9 months, 

Tolerance = 0.83, VIF = 1.21).

3 Multicollinearity was not detected (gestational age, Tolerance = 1.00, 

VIF = 1.00; sex, Tolerance = 1.00, VIF = 1.00).

TABLE 4 Descriptive statistics of and differences by infant sex in perinatal factors, temperament scales, and language skills.

Variables at 
different ages

N Mean (SD) Range 
Min-Max

Girls N Girls Mean 
(SD)

Boys Mean 
(SD)

H or F 
statistic

Birthweight 171 3416.46 (405.50) 2,410–5,350 82 3278.51 (358.18) 3,543 (406.80) 20.327*

Gestational age 171 39.56 (1.128) 37–43 81 39.54 (1.15) 39.56 (1.11) 0.242

Surgency 6 months 105 5.26 (0.69) 3.75–6.72 53 5.18 (0.76) 5.34 (0.59) 1.427

9 months 121 5.31 (0.65) 3.77–6.75 61 5.21 (0.65) 5.41 (0.64) 2.891+

18 months 140 5.26 (0.76) 2.83–6.58 69 5.15 (0.79) 5.37 (0.72) 2.644

24 months 130 5.32 (0.73) 3.00–6.67 63 5.28 (0.68) 5.35 (0.77) 0.466

Effortful control 6 months 105 5.43 (3.54) 3.5–6.98 53 5.47 (0.648) 5.39 (0.66) 0.452

9 months 121 5.28 (3.98) 2.75–6.73 61 5.30 (0.63) 5.23 (0.77) 0.010

18 months 140 4.65 (2.77) 2.455–6.42 69 4.73 (0.75) 4.57 (0.71) 1.673

24 months 130 4.91 (3.00) 2.75–6.83 63 4.95 (0.67) 4.88 (0.75) 0.322

Negative 

affectivity

6 months 105 3.54 (0.96) 1.25–6.20 53 3.64 (1.03) 3.44 (0.88) 1.104

9 months 121 3.98 (0.90) 1.25–6.00 61 4.03 (0.97) 3.94 (0.83) 0.289

18 months 140 2.77 (0.71) 1.29–4.91 69 2.70 (0.69) 2.84 (0.72) 1.349

24 months 130 3 (0.73) 1.50–5.91 63 3.02 (0.80) 2.98 (0.66) 0.011

Language and 

communication

Receptive vocabulary 

18 months

147 311.45 (100.25) 27–455 73 326.15 (95.17) 296.95 (103.62) 2.939+

Gestures 18 months 147 57.99 (11.41) 25–81 73 61 (11.26) 55.03 (10.83) 10.751**

Expressive vocabulary 

18 months

147 72.66 (95.35) 0–383 73 84.60 (105.34) 60.88 (83.40) 5.043*

Expressive vocabulary 

24 months

144 380.60 (256.98) 1–804 71 430.23 (237.59) 332.34 (267.38) 5.097*

Expressive vocabulary 

30 months

138 655.32 (205.14) 2–804 69 691.16 (183.36) 619.58 (220.39) 5.652*

+p < 0.10, *p < 0.05, **p < 0.01, ***p < 0.001. Bold highlights significant sex differences.

https://doi.org/10.3389/fpsyg.2024.1375353
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org


Balázs et al. 10.3389/fpsyg.2024.1375353

Frontiers in Psychology 07 frontiersin.org

[R2=0.112, F(2,129) = 8.163, p < 0.001], gestational age (β = 0.248, 
p = 0.004) and Negative Affectivity measured at 18 months (β = −0.199, 
p = 0.019) were the significant predictors.4

Infant sex, birthweight, Negative Affectivity at 6 months, and 
Surgency at 24 months were entered into the regression to predict 
expressive vocabulary at 30 months (see Table 10). In the final model 
[R2=0.088, F(1,64) = 6.152, p = 0.016], the only significant contributor 
was Surgency at 24 months5 (β = 0.296, p = 0.016).

4 Discussion

Our study aimed to investigate the longitudinal relationship between 
infant temperament and early language development, also considering 
infant sex and gestational age. Several data collection points for 
temperament (6–30 months) and language development (18–30 months) 
were included. Our findings support the role of both infant temperament 

4 Multicollinearity was not detected (gestational age, Tolerance = 0.98, 

VIF = 1.01; Negative Affectivity at 18 months, Tolerance = 0.98, VIF = 1.01; sex, 

Tolerance = 0.98, VIF = 1.01; Surgency at 18 months, Tolerance = 0.97, VIF = 1.03).

5 Multicollinearity was not detected (Surgency at 24 months, Tolerance = 1.00, 

VIF = 1.00; sex, Tolerance = 0.98, VIF = 1.02; birthweight, Tolerance = 0.99, 

VIF = 1.00; Negative Affectivity at 6 months, Tolerance = 0.98 VIF = 1.02).

and perinatal factors in early language development. Nine-month 
Surgency forecasted receptive vocabulary at 18 months and also 
contributed to gestural communication at 18 months in addition to 
infant sex. Gestational age predicted expressive vocabulary at 18 and 
24 months. In addition, Negative Affectivity at 18 months also 
contributed to 24-month expressive vocabulary. Thirty-month expressive 
vocabulary was predicted by Surgency measured at 24 months.

While Surgency appears to have a significant influence on 
receptive language and gestures at 18 months, and expressive 
vocabulary at 30 months, there was a lack of association with 
expressive vocabulary at 18 and 24 months. Instead, expressive 
vocabulary at these ages was related to gestational age. Thus, there 
seems to be  a discontinuity in the effect of Surgency, with the 
emergence of gestational age. Bates et al. (1992) describe increases in 
vocabulary and grammar along with increases in synaptic density and 
brain metabolism between the ages of 16–30 months. These brain 
developmental processes might not be independent of prenatal brain 
development potentially marked by gestational age. This may 
be reflected in gestational age predicting 18- and 24-month expressive 
vocabulary. Surgency, however, may play a role in the expansion of 
gestural and verbal communication via potentially increased exposure 
to communicative signals and engagement in social interaction (Laake 
and Bridgett, 2014). This may be reflected in the association with a 
more extensive receptive vocabulary and gestures at 18 months, and 
expressive language at a later age (30 months), when verbal 
communication is established in most of the children.

TABLE 5 Correlations between perinatal factors, temperament, and language.

Receptive vocabulary Gestures Expressive vocabulary

18  months 18  months 18  months 24  months 30  months

Birthweight 0.204* (146) 0.044 (146) 0.153+ (146) 0.130 (144) 0.179* (138)

Gestational age 0.153 (145) 0.161+ (145) 0.265** (145) 0.212* (143) 0.167+ (137)

Temperament

Surgency

6 months 0.110 (82) 0.200+ (82) −0.034 (82) −0.009 (78) −0.022 (75)

9 months . 285** (106) 0.233* (106) 0.165+ (106) 0.149 (102) 0.183+ (98)

18 months 0.285*** (137) 0.319*** (137) 0.191* (137) 0.183* (133) −0.137 (128)

24 months 0.213* (130) 0.200* (126)

30 month 0.064+ (114)

Effortful control

6 months 0.089 (82) 0.190+ (82) 0.089 (82) 0.022 (78) 0.016 (75)

9 months 0.221* (106) 0.221* (106) 0.122 (106) 0.026 (102) 0.088 (98)

18 months 0.160+ (137) 0.313*** (137) 0.137 (137) 0.122 (133) 0.152+ (128)

24 months 0.096 (130) 0.133 (126)

30 month 0.183 (114)

Negative affectivity

6 months 0.169 (82) 0.0147 (82) 0.077 (82) 0.187 (78) 0.233* (75)

9 months 0.062 (106) 0.032 (106) 0.070 (106) 0.105 (102) 0.095 (98)

18 months 0.031 (137) −0.138 (137) −0.061 (137) −0.202* (133) −0.159+ (128)

24 months −0.021 (130) −0.024 (126)

30 month −0.005 (114)

Pearson’s r or Spearman’s rho, +p < 0.10, *p < 0.05, **p < 0.01, ***p < 0.001. Bold: Correlation surviving Bonferroni correction (p < 0.05/5).
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TABLE 7 Gestures at 18  months were predicted by infant sex and Surgency (9  months).

Predictors Beta Sig. R
2 Change in 

R2
Change in F Sig. change 

in F
F df2 Sig.

Model 1 0.056 0.056 6.125 0.001 6.125 104 0.015

Sex −0.236 0.015

Model 2 0.128 0.072 8.548 0.013 7.559 103 0.001

Sex −0.275 0.004

Surgency (9 months) 0.272 0.004

Stepwise linear regression analyses, N = 106, excluded variables: effortful control (9 months).

4.1 Surgency

Several studies have linked positive affectivity with language 
development in infancy and early childhood (Laake and Bridgett, 
2014; Pérez-Pereira et  al., 2016; Davison et  al., 2019). Positive 
affectivity contributes to the Surgency factor in Rothbart’s 
temperament model (Gartstein and Rothbart, 2003). Laake and 
Bridgett found that 10-month-old infants with higher Positive 
Affectivity/Surgency, as measured by IBQ-R, showed improved 
expressive language at 14 months. Davidson’s study also supported 

these findings, as infant Positive Affectivity/Surgency measured at 8 
and 12 months predicted expressive language skills at 24 months.

Consistent with the literature, we  also found Surgency to 
be related to early language skills. Surgency at 9 months predicted 
receptive vocabulary and gesture use at 18 months, while Surgency 
measured at 24 months was a significant contributor to expressive 
vocabulary at 30 months. Of concurrent associations between 
Surgency and language measures, only correlations with 18-month 
receptive vocabulary and gesture use remained significant after 
Bonferroni correction. However, at least a trend-level association 

TABLE 6 Receptive vocabulary at 18  months was predicted by 9-month Surgency.

Predictors Beta Sig. R2 Change in 
R2

Change in F Sig. change 
in F

F df2 Sig.

Model 1 0.089 0.089 10.161 0.002 10.161 104 0.002

Surgency (9 months) 0.298 0.002

0.044 5.223 0.024 7.899 103 0.001

Stepwise linear regression analyses, N = 106, excluded variables birthweight, 9-month Effortful Control.

TABLE 8 Expressive vocabulary at 18  months was predicted by gestational age.

Predicators Beta Sig. R2 Change in R2 Change in F Sig. change in F F df2 Sig.

Model 1 0.076 0.076 11.778 0.001 11.778 143 0.001

Gestational age 0.276 0.001

Stepwise linear regression analyses, N = 145, excluded variables: sex.

TABLE 9 Expressive vocabulary at 24  months was predicted by gestational age and negative affectivity (18  months).

Predictors Beta Sig. R2 Change in 
R2

Change 
in F

Sig. change in 
F

F df2 Sig

Model 1 0.073 0.73 10.298 0.002 10.298 130 0.002

Gestational age 0.271 0.002

Model 2 112 0.39 5.660 0.019 8.163 129 0.000

Gestational age 248 0.004

Negative Affectivity (18 months) −0.199 0.019

Stepwise linear regression analyses, N = 132, excluded variables: sex, Surgency (18 months).

TABLE 10 Expressive vocabulary at 30  months was predicted by Surgency at 24  month.

Predictors Beta Sig. R2 Change in R2 Change in F Sig. change in F F df2 Sig.

Model 1 0.088 0.088 6.152 0.003 6.15 64 0.016

Surgency (24 months) 0.296 0.016

Stepwise linear regression analyses, N = 66, excluded variables: sex, birthweight, negative affectivity (6 months).
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with concurrent Surgency pointing in the same direction can 
be observed for expressive vocabulary at all ages. Thus, infants with 
higher Surgency scores demonstrated better language abilities, both 
in terms of receptive and expressive language. These results suggest 
that Surgency may be  related to language development over an 
extended period. Since there is some stability in Surgency over time 
(correlations among Surgency values measured between 9–30 months 
ranged between 0.358–0.694), temperament can be expected to show 
a weak longitudinal correlation with expressive communication.

As children with high Positive Affectivity/Surgency are more 
likely to engage in and elicit social interactions, they have more 
opportunities to practice and improve their expressive language skills 
(Laake and Bridgett, 2014). This assumption could also apply to 
gesture use and receptive language, as both are related to expressive 
language use. Extensive social interactions provide more opportunities 
not only for the use of expressive vocabulary but also for gestural 
communication. More social interactions may result in varied, and 
increased amounts of language stimuli, fostering the development of 
language skills.

4.2 Effortful control

In our study, Effortful Control was not a significant predictor of 
language development in the regression models. Only weak correlations 
were observed between Effortful Control at 9 months and gesture use 
and receptive vocabulary at 18 months. Medium concurrent correlation 
with gesture use was also observed at 18 months.

The link between effortful control and language development 
remains unclear, despite some studies (Salley and Dixon, 2007; Keller 
et al., 2016) suggesting a positive relationship that could potentially 
be attributed to varying attentional capacities, which are thought to 
support language acquisition (Snijders et al., 2020). Effortful Control, 
as measured by Rothbart’s temperament questionnaires, is related to 
the functioning of the executive network (Posner et al., 2016). In turn, 
a link was demonstrated between the executive network and language 
development, production, and comprehension (Ye and Zhou, 2009; 
Shokrkon and Nicoladis, 2022). Furthermore, language development 
may also contribute to executive function development and self-
regulation (Roben et al., 2013; Bruce et al., 2023).

However, Bruce et al. (2022) found that Effortful Control was only 
related to concurrent language, and 10-month Orienting/Effortful 
Control did not predict 24-month expressive language. Similarly, 
Ishikawa-Omori et al. (2022) did not find a predictive link between 
Effortful Control at 18 months and language development at 40 months. 
Keller et al. (2016) only demonstrated a significant relationship in the 
second language competence of dual language learners in childhood. 
The lack of predictive power of Effortful Control preceding the age of 
language assessment in the regression models and the separately 
observed concurrent correlation are in line with these results.

4.3 Negative affectivity

Negative Affectivity was entered in regressions at 24 and 
30 months, however, only 18-month Negative Affectivity proved to 
be a significant predictor for lower expressive vocabulary at 24 months. 
This result supports earlier findings that Negative Affectivity may 

be associated with worse language skills (Dixon and Smith, 2000; 
Garello et al., 2012; Ishikawa-Omori et al., 2022). For instance, Garello 
et  al. found that at the ages of 24–30 months, increased Negative 
Emotionality and Motor Activity correlated with poorer language 
production and comprehension. Similarly, Ishikawa-Omori et  al. 
(2022) reported that Motor Activity, a scale of the Negative Affectivity 
factor, measured at 18 months, predicted lower expressive and 
receptive language skills at 40 months. They suggested that fidgeting 
behavior may reduce the availability of attentional resources, and as a 
result, it could hinder language learning. Excessive negative emotions 
could limit the resources children can allocate for information 
processing and language learning. They may also influence the way 
the children and their social partners interact. Children displaying 
more negative affect indeed performed worse on a joint attention task 
at 21 months (Salley and Dixon, 2007).

4.4 Gestational age

Gestational age proved to be a significant predictor for expressive 
vocabulary at 18 and 24 months. It’s been well-documented that both 
preterm birth and low birthweight can negatively impact language 
development into school age and beyond (Husby et  al., 2023). 
Emerging findings, however, suggest variation in the development of 
term-born children, indicating differing developmental trajectories 
for early-term, full-term, late-term and post-term children (MacKay 
et al., 2010; Espel et al., 2014; Bentley et al., 2016; Snijders et al., 2020; 
Dhamrait et  al., 2021). Our results suggest that longer in-utero 
development may support the development of expressive language. 
The final weeks of intrauterine development are characterized by rapid 
brain development. Children born early-term will not benefit from the 
effect of uterine neurosteroids (Hüppi et al., 1998; Limperopoulos 
et  al., 2005; Shaw et  al., 2019) as long as children born at later 
gestational ages. Increasing evidence shows long-lasting brain 
structure differences in preterm infants (Inder et al., 2005; Rogers 
et al., 2018). For instance, variations in functional connectivity were 
present even in adolescence after preterm birth, suggesting distinctive 
neurodevelopment potentially underlying behavioral differences 
(Lubsen et  al., 2011). Term-born infants’ brain development also 
seems to benefit from longer gestation, within the time window of 
37–41st weeks. Gestational age was related to differences in brain 
development in school-age children (Davis et al., 2011; Nivins et al., 
2023). Such a variation may contribute to the observed differences in 
cognitive functioning and language skills (Ma et al., 2022).

4.5 Infant sex

Other than temperament and gestational age, infant sex also 
seems to contribute to variations in language skills. Previous studies 
have shown sex differences in language acquisition (Eriksson et al., 
2012; Law et al., 2019), which aligns with our findings. Except for 
receptive vocabulary at 18 months, girls performed significantly better 
on all language measures and infant sex predicted the use of gestures 
at 18 months. Although we have only assessed gestures at 18 months, 
previous studies found girls using more gestures and starting earlier 
than boys (Özçalişkan and Goldin-Meadow, 2010; Germain 
et al., 2022).
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4.6 Conclusion

Our aim was to investigate the role of temperament and some 
perinatal and maternal characteristics on early language development 
in a sample of low-social-risk, first-born term infants. Our sample was 
rather homogeneous as all participants were Caucasian of Hungarian 
origin, and the maternal education level was generally high across the 
sample. Results indicate the contribution of Surgency both concurrently 
and longitudinally on various measures of language development and 
the influence of gestational age on expressive vocabulary at 18 and 
24 months. Negative Affectivity only predicted expressive vocabulary at 
24 months. Despite Effortful Control being correlated with 18-month 
language, it was not a significant predictor in the regression models.

However, a major limitation of the study was the sample size 
and the missing data due to the pandemic. The COVID-19 
pandemic hit during data collection and caused unexpected loss of 
data (data collection could not be conducted due to closures) and 
thus a higher dropout rate. Although the pandemic had no direct 
influence on the data presented (no differences were observed on 
any measures between data collected pre-pandemic and pandemic, 
post-pandemic periods), there might be hidden underlying effects 
of the quarantine period. Only 3 families reported contracting 
COVID-19 during the data collection. Thus, we may assume that 
results were not influenced by the neurological effects of the viral 
infection. Another limitation was the relatively low reliability of 
some temperament factors (Surgency at 9 months: 0.61, Negative 
Affectivity at 24 months: 0.63). Since correlations of the Surgency 
factor were consistent with those of other ages (albeit weak across 
the board), we have decided to include it in the regression analyses.

Our results extend previous findings as we have demonstrated 
associations with Surgency at the early stages of language acquisition 
for both receptive and expressive vocabulary, and showed the 
additional significant contribution of gestational age and Negative 
Affectivity. Gestational age was identified as a predictor for language 
in preterm infants previously. Our results extend this association to 
the narrower time window of gestational age of full-term infants. The 
latter finding may have relevance for medical practice and child 
educational support agencies. In line with other studies highlighting 
difficulties in later academic performance, this calls for increased 
attention to the early development of early-term and term infants.

4.7 Future directions

Our results highlight the importance of longitudinal studies 
using tools to measure temperament based on the same theoretical 
concept over time. Also, investigating the small differences in 
gestational age in term infants in a larger sample may reveal 
important effects on language acquisition. With more evidence on 
how early-term status may influence later cognitive and language 
development, research on how certain environmental factors, such as 
socioeconomic status, maternal education, and quality of mother–
child interaction might interact with gestational age can yield 
important results that can be translated into practices supporting 
early childhood development.

Extending the study beyond 30 months is crucial to identify early 
characteristics of developmental pathways leading to language 
impairment. The role of Surgency and the relative lack of power for 

Effortful Control in this sample calls for experimental investigation of 
the development of very early executive functions and 
attentional functioning.
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