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Abstract
The objective of this study was to examine the genetic and environmental contributions to shyness throughout the school-age 
period. Participants were 553 twin pairs from the ongoing prospective longitudinal Quebec Newborn Twin Study. Teacher-
rated measures of shyness were collected at five time-points from age 6–12 years. On average, shyness was moderately 
stable over time (r = 0.23–0.33) and this stability was almost entirely accounted for by genetic factors. Genetic factors at 
age 6 accounted for 44% of individual differences and these early genetic factors also explained individual differences at all 
subsequent ages (6–22%). Non-shared environmental factors explained most of individual differences at single time-points 
(51–63%), and did not account for stability in shyness. Contributions of shared environment were not significant. Our results 
suggest that the stability in shyness is mostly accounted for by early and persistent genetic contributions.
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Introduction

Shyness is the expression of behavioral and emotional 
ambivalence in contexts of social novelty, presumably 
reflecting an approach-avoidance motivational conflict 

(Asendorpf 1990). Emerging in early childhood, shyness 
is a temperamental trait and is not typically identified as a 
disorder (Turner et al. 1990). Over time, shy toddlers often 
become more comfortable in contexts of social novelty and 
signs of shyness in infancy do not predict subsequent diffi-
culties (Degnan and Fox 2007). However, as the child enters 
school, high and stable shyness then becomes associated 
to internalizing problems (Karevold et al. 2012). Frequent 
displays of shyness after school entry are associated with 
mental health problems (e.g., generalized anxiety disorder, 
separation anxiety disorder, social phobia, and symptoms of 
depression; Fordham and Stevenson-Hinde 1999; Karevold 
et al. 2012). Therefore, early manifestations of shyness are 
typical, but chronic shyness past school entry may put the 
child at risk for internalizing problems. To understand what 
underlies chronic shyness, it is essential to document the 
etiological factors contributing to its stability.

Longitudinal studies have identified environmental and 
child-specific correlates, such as family factors, emotional-
ity, or attention bias to threat, of chronic shyness throughout 
childhood (e.g., Eisenberg et al. 1998; Pérez-Edgar et al. 
2010; Volbrecht and Goldsmith 2010). However, most risk 
factors of chronic shyness have been examined separately 
and the relative contributions of environmental versus 
child-specific factors were not documented and compared. 
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Genetically informative designs (e.g., twin studies), allow 
disentangling environmental sources of variance from 
genetic sources. Therefore, longitudinal twin studies are 
well-suited to examine the roles of both genetic and envi-
ronmental factors in the development of a trait over time 
(Neale and Cardon 1992).

One twin study conducted on early shyness between 14 
and 20 months showed that stability in toddlerhood was 
mostly accounted for by genetic factors (Cherny et al. 1994). 
However, this study did not include subsequent assessments 
of shyness in later childhood. Two longitudinal twin studies 
have examined social withdrawal after school entry (Van 
der Valk et al. 2003; Hoekstra et al. 2008). In these stud-
ies, social withdrawal was loosely evaluated using the with-
drawn/depressed and anxious subscales of the Child Behav-
ior Checklist (Achenbach 1991, 1992; Verhulst et al. 1997). 
Again, genetic factors mostly accounted for the stability in 
social withdrawal from early to middle childhood. However, 
these studies did not measure shyness per se. Shyness can be 
defined as the expression of an approach-avoidance conflict 
in unfamiliar social situations, whereas social withdrawal is 
an umbrella term for behaviors leading to self-isolation in 
both familiar and unfamiliar social situations (Rubin et al. 
2009). Thus, shyness is a unique subtype of social with-
drawal, and should be specifically documented. To overcome 
this limit, the present study examined the etiology of shyness 
from school entry (6 years) to the end of elementary school 
(12 years).

Two developmental mechanisms can be revealed when 
examining the etiology across time. According to a set-
point hypothesis, factors already present at the beginning of 
a developmental period may persist and consistently account 
for sources of variance across time, supporting etiological 
continuity (Lacourse et al. 2014). The maturation hypoth-
esis posits that distinct genetic or environmental influences 
may emerge at different periods. These influences may be 
observed at a later time-point. The set-point and matura-
tion models can either act independently or concurrently to 
explain developmental trends.

Based on these models, the present study aimed to docu-
ment the etiology of shyness by answering the following 
questions. First, what are the genetic and environmental 
contributions to stability and change in shyness from age 
6 to 12? Second, how are these contributions unfolding at 
specific ages during the same period? Two complementary 
genetic approaches were used to answer these questions. 
First, a latent growth curve model was used to examine the 
etiology of stability and change in shyness (McArdle and 
Hamagami 2003). It allowed verifying whether the set-point 
model was supported through continuous genetic and envi-
ronmental contributions. This general approach to analyzing 
stability and change was followed by a Cholesky decom-
position model. This model allowed testing the maturation 

hypothesis by estimating time-specific contributions and 
uncovering new contributions emerging at later periods, if 
any (Loehlin 1996). It may also support the set-point hypoth-
esis by verifying if genetic and environmental contributions 
at onset endure through time.

We hypothesized that shyness would be moderately sta-
ble from ages 6–12, as shown in previous studies (Karevold 
et al. 2012). This stability would most likely be explained 
by common genetic factors, supporting a genetic set-point 
model. The etiology of shyness being further examined in 
a time-specific approach, we hypothesized that additional 
genetic factors would emerge at later time-points, yet would 
have a smaller contribution to shyness. As for environmen-
tal factors, they would also support the maturation model, 
and account for individual differences in shyness but only 
at specific time-points.

Methods

Participants

Participants of the Quebec Newborn Twin Study were ini-
tially recruited at birth in the greater Montreal area, Canada 
(QNTS; Boivin et al. 2013a). At the first assessment, a total 
of 662 families were involved when twins were 5 months old. 
The present study was based on elementary school assess-
ments, collected prospectively with measures of shyness 
taken at 6 years [mean age (M) = 6.04 years, standard devi-
ation (SD) = 0.28], 7 years (M = 7.08, SD = 0.27), 9 years 
(M = 9.10, SD = 0.29), 10 years (M = 10.00, SD = 0.28), and 
12 years (M = 12.09, SD = 0.28). Teachers completed the 
questionnaires for 553 twin pairs (50.4% boys) at least once 
over the targeted period [221 monozygotic twins (MZ), 167 
same-sex dizygotic twins (DZ), 158 opposite-sex DZ pairs, 
and 7 incomplete pairs]. Additional information on the sam-
ple can be found in the Supplementary Materials.

Procedure and attrition

Teacher ratings were collected during the spring of each 
school year so that they were familiarized with the children. 
Each year, between 60.6 and 76.4% of twin siblings were 
in separate classrooms, allowing the majority of them to 
be assessed by different teachers. Therefore, independent 
evaluations were collected from different teachers at each 
wave. Data were obtained for 386 complete twin pairs at 
age 6, 408 at 7, 361 at 9, 370 at 10, and 282 at 12 years. 
When children were in kindergarten, some teachers were 
on a strike and could not complete the questionnaire. Once 
the strike ended the following year, more participants were 
included in the study. This explains why the sample size 
increased from age 6 to 7.
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Data were available for 14 incomplete pairs at age 6 years, 
20 at age 7 years, 32 at age 9 years, 31 at age 10 years, and 
57 at age 12 years. These incomplete pairs were instances 
where twins were in different classrooms with one teacher 
completing the evaluation, whereas the other did not. Many 
of these cases were incomplete only at one time-point, so 
that the model could still use the information from the co-
twin at other assessment times. Therefore, we decided to 
include these incomplete pairs to maximize sample size and 
power.

Attrition rate, based on the sample of 662 twin pairs who 
were initially recruited in infancy, was 41% at age 6; 37% at 
7; 43% at 9; 42% at 10; 53% at 12 (see Boivin et al. 2013a 
for more details on the sample attrition in the QNTS at each 
wave). These percentages are in comparison to the initial 
sample at the first assessment at 5 months. Independent sam-
ples t tests showed that children who had missing data at 
12 years had higher shyness scores at 10 years (t = − 2.19, 
df = 200, p < 0.05). Children who had missing data had 
lower income at 6 years (t = 2.20, df = 442, p < 0.05), 7 years 
(t = 2.08, df = 362, p < 0.05), and 9 years (t = 1.99, df = 830, 
p < 0.05). Twins for whom data were unavailable did not dif-
fer from participating twins in terms of parental educational 
level, first language spoken at home, and parental ethnicity.

Most twins were in different classrooms at each time-
point. At age 6, 68% were in different classrooms; and then 
76% at age 7 and age 9, 70% at age 10, and 60% at age 12. 
At all time-points, the percentages of MZ and DZ pairs that 
were in the same class were similar: the numbers were 30% 
of MZ and 32% of DZ at age 6, 27% and 22% at age 7, 23% 
and 24% at age 9, it was, 33% and 27% at age 10, and finally 
42% and 38% at age 12. At age 6 and 7, twins sharing the 
same classroom were significantly less shy on average than 
twins who were in separate classroom. However, this differ-
ence was not found at 9, 10 and 12 years. As children may 
initially be unfamiliar with most of their peers, twins shar-
ing the same class may have found it easier to socialize with 
unfamiliar peers. Over time, as they become familiar with 
other kids, this advantage fades away (i.e., at ages 9, 10, and 
12). We also tested whether the shyest twins (top quartile 
versus the others) were more likely to be kept together at the 
following year. This was never the case. Given this fading 
and inconsequential trend in shyness, and the fact that most 
twins were in different classrooms, we did not consider this 
in the following analyses.

Measurement of shyness

Shyness was evaluated based on an adaptation of Asen-
dorpf’s dispositional shyness scale (1987). This original 
scale was validated with measures of situational shyness, 
and showed satisfactory internal consistency (Asendorpf 
1987). Our adapted measure consisted of three items: Over 

the past 6 months, how many times did the child… easily 
approached unfamiliar children; … was shy among unfamil-
iar children; … took a lot of time to get used to unfamiliar 
children. Each item was answered using a three-point scale 
(0 = never, 1 = sometimes, 2 = often). The score for the first 
item was reversed. Shyness scores were averaged over the 
three items. Ordinal alpha coefficients for ordinal subscales 
(Zumbo et al. 2007) were satisfactory: 0.78 at 6 years, 0.73 
at 7 years, 0.65 at 9 years, 0.71 at 10 years, and 0.68 at 
12 years. Additional analyses were conducted to confirm 
the measurement invariance of the scale across ages (see 
Supplementary Materials, Table S4). We examined whether 
items loaded on a single shyness construct, and whether the 
measurement and structural equivalence held across time. 
A one-factor structure was confirmed. The scale met meas-
urement and structural invariance criteria, suggesting that 
the scale of shyness was equivalent at all ages. The scale 
also showed the expected associations with other relevant 
phenotypes (anxiety symptoms, depressive symptoms and 
school performance) at all time-points.

Statistical analyses

We conducted descriptive and exploratory analysis with 
IBM Statistical Package for the Social Sciences software, 
version 22.0 (IBM Corporation 2013). All score distribu-
tions for shyness were normal. We tested genetic models in 
Mplus, version 7.31 (Muthen and Muthen 2017). All avail-
able data were included in the models through maximum 
likelihood estimation of parameters (Schlomer et al. 2010).

Data were first checked for a possible confounding effect 
of sex. We examined sex differences by comparing shyness 
scores between boys and girls using independent samples t 
tests and by comparing intra-pair correlations for girls, boys 
and opposite-sex twin pairs with Fisher’s r-to-z transforma-
tion (Steiger 1980). No sex difference was found at any time-
point on means and same-sex intra-pair correlations. Cor-
relations between same-sex DZ pairs and opposite-sex DZ 
pairs did however differ but followed an inconsistent pattern. 
At ages 6 and 7, opposite-sex DZ pairs were rated to be more 
similar than same-sex twins. At age 9, 10 and 12, opposite-
sex DZ pairs were rated to be more different than same-sex 
twins. Therefore, all twins were included in the models.

Phenotypic description of shyness

We conducted descriptive statistics, including means, stand-
ard deviations, and intra-pair correlations for shyness scores. 
Phenotypic stability was assessed through Pearson correla-
tions across measures. Cross-twin cross-trait correlations 
were conducted to examine whether there was a genetic 
component to the stability in shyness.
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Genetic description of shyness

Genetic analyses were conducted under the assumptions 
of twin designs. These assumptions are that MZ twins are 
genetically identical and that DZ twins share, on average, 
half of their genes. Environmental influences contributing 
to intra-pair similarity above genetic similarities are shared 
environmental factors (C), while environmental influences 
contributing to intra-pair differences are unique environmen-
tal factors (E). Environments are not more similar for MZ 
than for DZ twins (equal environment assumption). Moreo-
ver, estimations of genetic contributions are all strictly addi-
tive (A; e.g., no dominant or recessive genetic effects are 
estimated; Neale and Cardon 1992).

To first investigate the set-point hypothesis, a genetically 
informative growth curve model was tested to examine pos-
sible early and persisting contributions to stability in shy-
ness. Growth curve models allow estimating stability and 
change by taking into account the patterns of means over 
time (Duncan et al. 2006). The intercept (i.e., initial levels 
in shyness, or systematic stability) and the slope (i.e., rate 
of change in shyness as a function of age) are latent factors 
estimated with means and variations around these means. 
Here, intercept paths were all fixed to 1. This constraint 
allowed retaining common variance in initial levels between 
all assessments. Slope loadings were fixed in agreement with 
the sequence of assessments across time: 0 for 6 years old, 1 
for 7 years old, 3 for 9 years old, 4 for 10 years old, and 6 for 
12 years old. Finally, time-specific residuals were estimated 
at each time-point. The genetically informative growth curve 
model further decomposes the latent intercept and slope and 
age-specific residuals into their ACE factors (McArdle and 
Hamagami 2003).

Then, we tested a Cholesky model to examine time-spe-
cific etiology. This model examines both the maturation and 
set-point hypotheses by indicating if new sources of variance 
emerge over time, while allowing the possibility that initial 
sources of variance endure over time. The Cholesky decom-
poses the phenotypic variance into ACE factors (Loehlin 
1996). These initial ACE factors are left free to contribute 
to subsequent phenotypes. At each time-point, new ACE 
factors account for residual variance, adding to contribu-
tions of the previous ACE factors. Therefore, each shyness 
phenotype is represented by a series of ACE previous and 
new contributions.

Results

Phenotypic description

The total number of twin pairs, means, standard devia-
tions, and intra-pair correlations at each wave are pre-
sented in Table 1.

The pattern of means over time indicates a slight 
decrease of average shyness scores. Intra-pair correlations 
were moderate and typically higher for MZ than for DZ 
pairs, suggesting A and E, and perhaps C contributions to 
shyness. Table 2 shows that phenotypic correlations were 
moderately stable from 6 to 12 years. Table 3 indicates 
that cross-twin cross-trait correlations were stronger for 
MZ twins, suggesting a potential genetic contribution to 
the stability in shyness.

Genetic description

The genetically informative growth curve and Cholesky 
models were tested (univariate models are reported in 
Table S1 of Supplementary Materials). To evaluate model 
adjustment, we compared both multivariate models to a 
saturated model using the χ2 difference test, the root mean 

Table 1   Descriptive statistics and intra-pair Pearson correlations for 
teacher-rated shyness

MZ monozygotic twins, SS DZ same-sex dizygotic twins, OS DZ 
opposite-sex dizygotic twins
**p < 0.01; *p < 0.05

Assessment N pairs Mean (SD) Intra-pair correlations

MZ SS DZ OS DZ

Age 6 386 0.76 (0.52) 0.49** 0.02 0.19*
Age 7 408 0.79 (0.47) 0.33** 0.12 0.28**
Age 9 361 0.74 (0.44) 0.39** 0.26* − 0.02
Age 10 370 0.71 (0.44) 0.46** 0.32** 0.15
Age 12 282 0.68 (0.45) 0.49** 0.22* 0.11

Table 2   Pearson correlation coefficients for teacher-rated shyness 
across time

All coefficients are significant, p < 0.05

Age 6 Age 7 Age 9 Age 10 Age 12

Age 6 1
Age 7 0.30 1
Age 9 0.23 0.33 1
Age 10 0.27 0.26 0.32 1
Age 12 0.24 0.32 0.28 0.32 1
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square error of approximation (RMSEA), a commonly 
used absolute fit index, and the Akaike information criteria 
(AIC), a reliable parsimony fit index (Hooper et al. 2008). 
Both initial latent growth curve and Cholesky model 
did not fit significantly worse than the saturated model, 
and had good fit: χ2 (36, N = 553) = 38.73, p > 0.05; 
RMSEA = 0.02; AIC = 4406.41 for the latent growth 
curve model; and χ2 (19, N = 553) = 24.292, p > 0.05, 
RMSEA = 0.03 and AIC = 4426.06 for the Cholesky 
model.

What are the genetic and environmental contributions 
to stability and change in shyness?

To answer our first question, we conducted a genetically 
informative growth curve model (see Fig. 1). This model 

decomposes the intercept, slope, and residual time-specific 
variances into ACE components. Unstandardized estimates 
and confidence intervals are presented in Table S2 of Sup-
plementary Materials.

Since no significant C contributions appeared for the 
slope and the intercept, we constrained these C contribu-
tions to 0. The C parameters for the residuals were freely 
estimated, except for the age 6 years for which C was con-
strained to 0. We finally constrained A factors to the slope 
to 0, since this parameter did not significantly contribute to 
the model. These constraints did not deteriorate the fit of 
this nested model.

The percentage of variance accounted for by the intercept 
and slope on each wave was 27% at 6 years, 34% at 7 years, 
37% at 9 years, 38% at 10 years, and 41% at 12 years. At 
each assessment, the remaining percentage of variance was 

Table 3   Cross-twin cross-trait 
Pearson correlations for teacher-
rated shyness

Values in bold refer to intraclass correlations.
**p < 0.01; *p < 0.05

MZ twins
Assessment Twin 1
Age 6 0.49** 0.40** 0.20* 0.24** 0.29**
Age 7 0.32** 0.33** 0.36** 0.21* 0.27**

Twin 2 Age 9 0.19* 0.30** 0.39** 0.28** 0.34**
Age 10 0.26** 0.37** 0.24** 0.46** 0.21*
Age 12 0.26* 0.29** 0.16 0.25* 0.49**

DZ twins
Assessment Twin 1
Age 6 0.11 0.07 0.06 0.12 − 0.01
Age 7 0.02 0.21** 0.18* 0.13 0.13

Twin 2 Age 9 − 0.01 0.05 0.11 0.12 0.14
Age 10 − 0.00 0.15 0.17* 0.26** 0.25**
Age 12 0.12 0.15 0.05 0.09 0.17*

Fig. 1   Genetic latent growth 
curve model
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time-specific. Almost all of the variance in the intercept was 
explained by genetic factors: 93% of this variance was attrib-
utable to the same set of genes. E contributions to the inter-
cept and slope were non-significant. Interestingly, 20% of 
the residual variance at 6 years, and 18% of the variance at 
12 years was accounted for by additional and specific genetic 
factors. Therefore, 20% and 18% of individual differences 
specific to the first and last time-point, respectively, were 
attributable to new genetic factors. Overall, age-specific 
residuals were explained by non-shared environmental fac-
tors at all assessments.

How are genetic and environmental contributions 
unfolding at specific periods throughout childhood?

We conducted a Cholesky decomposition to examine etio-
logical mechanisms in a time-specific approach. Figure 2 
presents the longitudinal two-factor Cholesky model with 
standardized path estimates. Only significant paths are 
shown in the figure to alleviate the presentation. All unstand-
ardized and standardized estimates, along with confidence 
intervals are in Table S3 of Supplementary Materials. Con-
sistent with the growth curve model, C factors were not sig-
nificant and were all constrained to 0. The fit of this nested 
model was not significantly worse than the full Cholesky 
model.

Genetic contributions accounted for substantial percent-
ages of the variance at all time-points: 44% at 6 years; 36% 
at 7 years; 36% at 9 years; 48% at 10 years; and 46% at 
12 years. Most notably, early genetic factors at 6 and 7 years 
accounted for shyness at all subsequent time-points; genetic 
factors at age 6 accounted for individual differences in shy-
ness at all subsequent ages, and additional genetic factors 
at 7 years contributed to shyness at 9, 10, and marginally at 
12 years (p = 0.06). New genetic factors emerged at 10 years, 
but did not contribute to shyness at 12 years. There were 
no new contributions of genetic factors at 9 and 12 years. 
Genetic contributions to these later phenotypes were entirely 
accounted for by earlier genetic contributions observed at 6 
and 7 years. Moreover, non-shared environmental factors 
were limited to age-specific shyness. Overall, non-shared 
environmental factors explained slightly more than half of 
age-specific variance, and these contributions were not cor-
related across time-points.

Discussion

The first school years represent a stressful period for shy 
children since they repeatedly face new social interac-
tions each year (Coplan et al. 2008). To understand the 
basis of chronic shyness throughout childhood, it is nec-
essary to identify the longitudinal patterns of genetic and 

environmental contributions to its development. The goal of 
the present study was to examine the genetic and environ-
mental etiology of shyness from 6 to 12 years, and describe 
this etiological pattern according to complementary set-
point and maturational genetic models.

Our study provided an extensive longitudinal evaluation 
of children’s shyness throughout the school-age period, 
something that has never been conducted before. Indeed, 
the specific focus on the longitudinal gene-environment eti-
ology of shyness is a unique feature of the present study. 
Moreover, the use of independent ratings across time-points 
also likely diminished biases leading to inflated stability 
estimates (Little 2013). Finally, most twins (~ 70%) were in 
separate classrooms each year, allowing independent teach-
ers to evaluate them.

The phenotypic description of shyness revealed that it 
was moderately stable throughout childhood. Results from 
both genetic models supported a genetic set-point hypothe-
sis, with early and persistent genetic contributions to shyness 
throughout childhood. However, results from the Cholesky 
model also supported a genetic maturation model. This 
model showed that new genetic contributions emerged at 
different time-points.

Phenotypic stability of shyness

The moderate stability estimates  of shyness over time 
(r = ~ 0.20–0.30) were weaker than those found in another 
longitudinal study on shyness (Karevold et  al. 2012; 
~ r = 0.50). This divergence may be explained by differ-
ences in measurement methods. Karevold et al. (2012) used 
repeated parental evaluations which may inflate correlations 
through time. In our study, repeated measures were collected 
through independent evaluations from different teachers 
each year. This may explain why stability estimates were 
higher in Karevold et al. (2012). Despite being collected by 
independent raters, we found moderate associations between 
shyness scores across time-points. This further supports that 
shyness is partly founded in a stable temperamental trait 
throughout childhood. Furthermore, teachers may be better 
than parents at evaluating children’s social behavior among 
peers (Verhulst et al. 1994). They usually spend more time 
in the presence of children. Therefore, they may have a more 
objective perspective on children’s behavior due to their 
experience.

Genetic etiology of shyness

Both analytic approaches supported the genetic set-point 
hypothesis. Stable genetic influences contributed to indi-
vidual differences in shyness throughout childhood. In the 
growth curve analysis, 93% of the variance in the intercept 
was attributed to genetic factors. This estimate may seem 
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high, but it should be pointed that it reflects common vari-
ance at all time levels. In other words, the systematic stabil-
ity of shyness from age 6 to 12 is almost entirely attributed 
to the same persistent genetic factors. This result is consist-
ent with the Cholesky decomposition according to which a 
single set of genes at age 6 accounts for individual differ-
ences in shyness across all subsequent waves. This persisting 
genetic contribution over time is consistent to that found in 
a previous study of shyness in toddlerhood, in which genetic 
factors contributed to the stability of shyness from 14 to 
20 months (Cherny et al. 1994). Building on findings from 
Cherny et al. (1994), our results may point to a continuous 
contribution of the same genes emerging much before school 
entry.

The Cholesky model also supported the genetic matu-
ration model as new genetic contributions at ages 7 and 
10 years were observed. These new contributions explained 
12% and 23% of the total variance at 7 and 10 years, respec-
tively. It is possible that new genetic influences reflect envi-
ronmental changes through gene-environment interactions 
(see Boivin et al. 2013b). Genetic influences may interact 
with environmental factors specific to these developmen-
tal period. For instance, at age 7, children transition from 
kindergarten to first grade. Environmental settings can 
change considerably over this period. When children enter 
first grade, they are introduced to a formal and structured 
learning environment in which they are evaluated (Entwisle 
and Alexander 1998). Moreover, in first grade, children face 
several novel social imperatives (e.g., making new friends, 
acquiring and maintaining peer status). As for the emergence 
of new genetic contributions at age 10, it is possible that 
they reflect gene-environment interactions linked to changes 
in social perceptions. With the onset of puberty, children’s 
social values may start to shift (Gifford-Smith and Brownell 
2003). For instance, they may seek popularity and accept-
ance among the peer group (Parker and Asher 1993). There-
fore, gene-environment interactions may be due to changes 
happening at school, and these new challenges and contexts 
may trigger the activation of genes implied in socialization 
processes.

Environmental etiology of shyness

Despite substantial persistent and emerging genetic contri-
butions to shyness, the Cholesky decomposition also indi-
cated that a substantial part of individual differences at each 
time-point was due to non-shared environmental factors. 
In previous longitudinal studies conducted on withdrawn 
behavior, a correlate of shyness, non-shared environmental 
factors also accounted for time-specific sources of variance, 
over and above genetic factors (Hoekstra et al. 2008; van 
der Valk et al. 2003). Despite the difference in construct 
(shyness versus withdrawal), we also found substantial 

contributions of non-shared environment in the growth 
curve model. However, these sources of contributions were 
observed for residual variances, which suggests that time-
specific non-shared environmental factors contribute to shy-
ness. Experiences unique to each child, such as the effect 
of the people they meet at the beginning of the school year, 
would be reflected as non-shared environment. These non-
shared environmental contributions could also reflect latent 
variable measurement error.

Limitations

Our study bears limitations. First, the sensitivity of the meas-
urement scale may have been affected by the small number 
of items, and by the narrow distribution. The short evalu-
ation scale (0 = never, 1 = sometimes, 2 = often) may have 
limited the accuracy of the measures. Because it is based 
on three items, the scale may have been less sensitive to 
measuring aspects of shyness. For instance, shyness is often 
observed in social novelty contexts, but it can sometimes be 
expressed in situations of perceived social evaluation (Rubin 
et al. 2009). Our measure aimed at evaluating children’s 
social response with unfamiliar peers and did not include 
contexts of perceived social evaluation. However, the uni-
dimensional factorial model validating our construct (see 
Table S5 in the Supplementary Materials) was estimated 
with WLSMV, a robust estimator for non-normal ordinal 
data. Indicators for the constructs in this factorial model 
were accurately estimated. Internal consistency estimates at 
each time-point were satisfactory, and measurement error 
was limited. Validity and invariance analyses also confirmed 
that our construct was associated with relevant reference 
behaviors and accurately measured across development (see 
Supplementary Materials).

A second limit concerns the pattern of attrition from age 
10 to age 12; children with a higher shyness score at age 
10 were more likely to be missing at the age 12 assessment 
time. This may have biased the distribution, with more chil-
dren at the higher-end missing, and therefore restricted vari-
ability in shyness at that time. However, the distribution of 
shyness at age 12 years was about normal (skewness: 0.75; 
kurtosis: 0.60), and the variance at the two time points was 
about the same (0.19 at age 10 and 0.20 at age 12). On the 
other hand, this attrition pattern may have limited the gener-
alization of the results to the population, but only at age 12.

Finally, we were not able to decompose the rate of change 
in shyness because no significant variation around the slope 
was found in the growth curve model. The slope estimate 
was almost null, and we would expect to see some variation 
in the rate of change over time. For instance, while some shy 
children show resilience and overcome their shyness over 
time (Degnan and Fox 2007), others are consistently shy 
(Dennissen et al. 2008). However, children who overcame 
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shyness may not have been in numbers high enough to affect 
the variance around the slope.

Conclusion

In conclusion, our study showed that both genetic and envi-
ronmental factors underpin the development in shyness 
over the school-age period. Most notably, genetic factors 
accounted for most of systematic stability from 6 to 12 years. 
Environmental contributions were mostly observed for age-
specific individual differences. Therefore, early genetic fac-
tors seem to have substantial influence in shaping the devel-
opment of shyness. Our findings clearly indicate that, over 
the first two school years, genetic mechanisms contributing 
to chronic shyness are well established. It is possible that 
these mechanisms take place earlier during the preschool 
period. Future studies should aim at documenting preschool 
risk factors for shyness and at investigating the genetic mark-
ers associated with high levels of shyness.
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