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Abstract
Research has established that children with high levels of early behavioral inhibition (BI) – a subdued, timid, fearful response 
to novel or mildly challenging stimuli or events – are at an elevated risk for social anxiety in later childhood and adolescence. 
Yet, substantial heterogeneity has been documented in those developmental trajectories; consequently, understanding fac-
tors that moderate children’s paths from early BI to social anxiety is an important goal. We proposed that the association 
between children’s BI at toddler age and social anxiety at early school age is (a) mediated by their BI at preschool age, 
and (b) moderated by the level of social understanding, or Theory of Mind (ToM). In 102 typically developing community 
children, we observed BI in the laboratory at age 2 and 4.5 in “Risk Room” paradigms and assessed ToM at age 4.5 and 5.5 
using false belief tasks. Mothers and fathers rated children’s social anxiety symptoms at age 6.5. We supported the proposed 
moderated mediation model, with the path from BI at age 2 to BI at age 4.5 to social anxiety at age 6.5 unfolding only for 
children whose ToM abilities were relatively low, but not for those whose ToM abilities were relatively high. Results also 
supported a curvilinear relation between ToM and social anxiety, which highlights the risk of elevated social anxiety for 
children with extremely low ToM abilities. Taken together, proficiency in mindreading may help inhibited children navigate 
social environments and thus reduce risks for social anxiety.
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A voluminous body of research in developmental psychology 
and psychopathology has demonstrated that many of young 
children’s temperament traits are quite stable and that some 
of them may forecast a variety of future internalizing and 
externalizing behavior problems (Rothbart & Bates, 2006; 
Thomas & Chess, 1977). Inspired by the pioneering, heu-
ristically productive research program by Kagan and col-
leagues on children’s temperament (Kagan & Fox, 2006; 
Kagan & Snidman, 2004; Kagan et al., 1984, 1989), mul-
tiple research groups have focused on a very salient trait of 
behavioral inhibition (BI), manifested as shy, reticent, wary, 
timid, subdued, fearful, withdrawn, or affectively constrained 
response to unfamiliar, novel, unusual, mildly stressful events 
or stimuli. Many longitudinal studies have since revealed 

that behaviorally inhibited young children are more likely 
to develop symptoms of anxiety, particularly social anxiety, 
over the course of development, compared to their uninhib-
ited peers (Biederman et al., 2001; Clauss & Blackford, 2012; 
Degnan et al., 2010; Kagan & Fox, 2006; Kagan & Snidman, 
1999; Nikolić et al., 2020; Rapee & Spence, 2004; Schwartz 
et al., 1999; Troller-Renfree et al., 2019). Many of those stud-
ies have identified neurobehavioral mechanisms underlying 
such trajectory (e.g., Buzzell et al., 2017; Fox et al., 1996; 
Schwartz et al., 2010). Together, research has firmly sup-
ported a view of BI as a developmental antecedent, diathesis 
for, or bias toward the development of anxiety disorders.

At the same time, however, consistent with the princi-
ple of multifinality (Cicchetti & Rogosch, 1996), a broad 
consensus emerged that only some of the inhibited children 
embark on a trajectory toward sub-clinical or clinical level 
of anxiety (Degnan & Fox, 2007; Fox et al., 2005; Murray 
et al., 2009; Rapee & Spence, 2004; Rapee et al., 2009; 
Rubin et al., 2009). Consequently, researchers have strongly 
argued for the need to study potential moderators of the 
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association between early BI and later anxiety symptoms 
to elucidate the factors that either strengthen or weaken 
that path.

Children’s cognitive and social information processing 
has also been implicated in research on origins of social 
anxiety. Scholars have theorized that children with impaired 
information processing skills may be at elevated risk for 
developing social anxiety because they have difficulty 
appraising and interpreting social cues (Lau & Waters, 2017; 
Nikolić, 2020). In particular, children’s skills in understand-
ing other people’s mental states, intentions, and perspec-
tives, or mindreading, known as Theory of Mind (ToM), 
have been increasingly emphasized in the development of 
anxiety, particularly social anxiety. Those links appear com-
plex, and findings are mixed. It is interesting that research 
on cognitive and temperament factors in the development 
of anxiety has progressed largely in parallel, with relatively 
little integration (Muris et al., 2007; Nikolić, 2020).

Generally, better ToM skills have been associated with 
lower social anxiety (Banejee & Henderson, 2001; Hezel & 
McNally, 2014; Pearcey et al., 2020; Ronchi et al., 2020), 
but some studies have failed to find the relation. For exam-
ple, Broeren et al. (2013) reported that ToM did not predict 
a social anxiety trajectory in children from 4 to 9 years of 
age. Yet some other studies have indicated that both low and 
high levels of ToM may relate to heightened anxiety (Nikolić 
et al., 2019).

The relatively few studies on associations between chil-
dren’s ToM and BI, the presumed antecedent of social 
anxiety, have produced mixed findings. Some studies have 
shown that inhibited children tend to have worse ToM skills 
(Broeren & Morris, 2009; Suway et al., 2012). By contrast, 
other studies reported the opposite findings, with parent-
rated inhibition or shyness positively associated with ToM 
skills, concurrently or longitudinally (LaBounty et al., 2017; 
Mink et al., 2014; Wellman et al., 2011). Lane et al. (2013) 
reported no association between ToM and parent-rated BI 
among preschoolers, but they found that the combination of 
high social withdrawal and high emotional reactivity (which 
likely reflects heightened and dysregulated social fearful-
ness) was associated with poor ToM. Similarly, Suway et al. 
(2012) found that high levels of observed BI, combined with 
negative peer interaction behaviors, predicted lower ToM.

Several issues should be considered when interpreting the 
mixed findings about the associations among ToM, BI, and 
social anxiety. First, various tasks have been used to measure 
ToM. The tasks often capture different aspects of ToM, such 
as cognitive ToM (LaBounty et al., 2017; Lane et al., 2013; 
Suway et al., 2012; Wellman et al., 2011), affective ToM 
(Hezel & McNally, 2014; Nikolić et al., 2019), or a mix of 
both (Banerjee & Henderson, 2001; Broeren et al., 2013; 
Mink et al., 2014; Ronchi et al., 2020). How various types 
of ToM tasks relate to social anxiety is not clear. However, 

a meta-analysis that focused on the broader associations 
between social cognition and social anxiety suggested that 
those relations may depend, in part, on the type of social 
cognitive tasks used (Pearcey et al., 2020). A study that 
separated cognitive and affective ToM showed that inhibi-
tion to novelty was positively related to cognitive, but not 
affective ToM among preschoolers (Longobardi et al., 2017), 
suggesting that it may be necessary to examine the effects of 
different types of ToM separately.

Second, researchers have often assumed linear associa-
tions between ToM and BI/social anxiety, without examining 
other forms of relations. Having included a quadratic term 
of ToM skills (measured as reading facial expressions) in 
their model, Nikolić et al. (2019) found a curvilinear relation 
between ToM and concurrent social anxiety: Whereas chil-
dren with low mindreading skills tended to have higher lev-
els of social anxiety, those with an advanced understanding 
of other people’s mental states were also at elevated risk for 
anxiety. The authors concluded that children with advanced 
ToM skills can be overly sensitive to social cues and highly 
self-conscious. Failure to account for such higher-order 
effects of ToM may result in biased estimations and lead to 
inconsistent findings. The potential curvilinear association, 
however, needs to be replicated in other studies.

Third, whereas researchers have often focused on the 
direct associations between ToM and BI and between ToM 
and social anxiety, very few studies examined the interplay 
among the three variables, taking into account moderation 
and mediation effects. Recently, Nikolić (2020) presented 
a cogent summary of research on social information pro-
cessing and the development of social anxiety and pro-
vided a conceptual agenda for the path forward. Specifi-
cally, Nikolić argued that the association between ToM 
and social anxiety should be understood in the context of 
other distant factors, such as early fearful temperament. To 
our knowledge, there has been one study that addressed the 
intersection among BI (conceptualized as shyness), ToM, 
and children’s social anxiety. Colonessi and colleagues 
(Colonnesi et al., 2017) examined concurrent relations 
among ToM, positive and negative shyness, coded from 
facial expressions during a performance (singing) and then 
watching its videorecording, and mother- and father-rated 
social anxiety in 4-year-olds. The findings revealed com-
plex relations between ToM and social anxiety, depend-
ing on the type of shyness expression. Specifically, social 
anxiety was associated with higher negative shyness (simi-
lar to the social fear displayed by high BI children), lower 
positive shyness (coy smile), and lower levels of ToM 
skills. In addition, low ToM reduced social anxiety among 
children with higher levels of positive shyness. The find-
ings supported both positive and negative roles of ToM, 
and suggested ToM may moderate the relation between 
temperament and social anxiety. However, so far, no study 
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has adopted a longitudinal design to examine the interplay 
between ToM and the developmental sequelae from BI to 
social anxiety.

Fourth, studies of the associations between social infor-
mation processing and BI/social anxiety have utilized sam-
ples with various age ranges, with inhibited temperament 
measured from infancy to preschool age, and social anxiety 
measured from preschool age to adolescence. Whereas there 
does not seem to be an age-specific pattern, it may be useful 
to address those relations from a developmentally informed 
perspective, with an emphasis on the critical time points on 
the developmental trajectory. Although social anxiety disor-
der is typically diagnosed in late childhood to adolescence, 
first signs of social anxiety can be observed in early to middle 
childhood (Nikolić, 2020; Rapee & Spence, 2004). Therefore, 
it is necessary to examine the early manifestations of social 
anxiety in relation to temperament and cognitive factors.

In the present study, utilizing robust behavioral measures, 
we examined the trajectory from BI to social anxiety, fol-
lowed from toddlerhood (when children gain awareness of 
their fearful and self-conscious emotions; see Kagan, 2018) 
to preschool age and to early school age (when children 
increasingly engage in peer interactions and show signs of 
social anxiety; Rapee & Spence, 2004). Further, we asked 
what, if any, role the ToM skills can play in the longitudi-
nal trajectory of inhibited children, once those skills emerge 
between age 4 and 5. Generally speaking, children with bet-
ter ToM abilities may acquire more successful social experi-
ences, whereas those with poor ToM skills may encounter 
difficulty navigating the social world (Capage & Watson, 
2001; Devine et al., 2016; Lecce et al., 2017; Slaughter et al., 
2015; Watson et al., 1999). Consequently, strong ToM skills 
may reduce behaviorally inhibited children’s social wariness, 
whereas poor ToM skills may consolidate their trajectory 
to social anxiety. However, very high ToM may involve 
oversensitivity to social cues and potential social evalua-
tions, which might also put some children, especially those 
with high BI, at elevated risk of developing social anxiety 
(Colonessi et al., 2017; Nikolić et al., 2019). Although the 
question of the specific impact of ToM abilities is unsettled, 
nevertheless, once they emerge in development, ToM skills 
may be a mechanism that can alter or moderate the course 
of children’s BI after preschool age, and the direction of the 
potential direct as well as moderating effects of ToM needs 
to be examined.

A view of the ToM skills as a “turning” or “inflection” 
point in the trajectory from early BI to future social anxiety is 
consistent with the construct of multifinality in development 
(Cicchetti & Rogosch, 1996), and with the focus on continu-
ity and change in developmental psychopathology. Further, it 
offers an account of a potential mechanism that can maintain 
or deflect a maladaptive developmental trajectory.

Method

Participants and Overview

One-hundred and two two-parent, intact families in Mid-
western United States participated in our longitudinal study 
in response to mass advertisements broadly disseminated in 
the surrounding community (a college town, a small city, 
and rural areas). Children in the study were mostly born in 
2001. Annual incomes of the families were as follows: 8% 
earned less than $20,000 per year, 17% between $20,000 and 
$40,000, 26% between $40,000 and $60,000, and 49% more 
than $60,000. Parental education varied: 25% of mothers and 
30% of fathers had no more than a high school education, 
54% of mothers and 51% of fathers had an associate or col-
lege degree, and 21% of mothers and 20% of fathers had a 
postgraduate education. In terms of race and ethnicity, 90% 
of mothers and 84% of fathers were White, 3% of moth-
ers and 8% of fathers Hispanic, 2% of mothers and 3% of 
fathers African American, 1% of mothers and 3% of fathers 
Asian, 1% of mothers Pacific Islander, and 2% of mothers 
and fathers reported Other. In 20% of families, at least one 
parent was not White. The University of Iowa IRB approved 
the study (Developmental Pathways to Antisocial Behav-
ior: A Translational Research Program, 200107049). We 
obtained parents’ informed consents at the entry to the study.

At each time point of the longitudinal study, female 
experimenters (Es) conducted lengthy behavioral sessions 
(2–4 h), separately for the child with each parent. The ses-
sions were videotaped for future coding. In addition, parents 
completed questionnaires about the child’s behavior. In this 
article, we present data from the ages 2 (N = 100, 50 girls), 
4.5 (N = 99, 49 girls), 5.5 (N = 90, 45 girls), and 6.5 years 
(N = 90, 43 girls).

Children’s BI was observed at ages 2 and 4.5 years; their 
ToM was assessed at 4.5 and 5.5 years. At 6.5 years, moth-
ers and fathers reported on the child’s social anxiety. All 
behavioral data were coded from videotapes, with about 
15–20% of cases used for reliability, followed by frequent 
realignments. Note that the best practices in reliability have 
evolved over the last 20 years. Consequently, most statistics 
deployed in this study included kappas and alphas.

Measures

Behavioral Inhibition (BI), Ages 2 and 4.5 Years. We 
assessed the child’s BI at ages 2 and 4.5 years. At each age, 
BI was assessed in two “Risk Room” paradigms, each lasting 
7–8 min, one with each parent. This paradigm was inspired by 
the original work by Kagan and colleagues (e.g., Kagan et al., 
1989; Reznick et al., 1989); we have adapted and expanded 
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the procedure, and used it in several longitudinal studies 
(e.g., Kochanska, 1995; Kochanska et al., 2007). The child 
was observed in an unfamiliar lab room decorated with many 
odd-looking and slightly frightening objects (e.g., Halloween 
masks, witch poster, bats, rats, worms) and objects that could 
potentially involve mildly challenging physical activities (e.g., 
a strange big black box, tunnel, trampoline). At the begin-
ning of the session, the child explored the room briefly. Then, 
a female stranger entered and attempted to engage the child 
in a conversation, following a standard script (e.g., asking 
“isn’t this a fun room?”, “what’s your favorite toy here?”, “can 
you show me how your favorite toy works?”). The stranger 
encouraged the child, using standard prompts, to engage in 
four scripted “Risky Acts” (e.g., jump on a trampoline, climb 
a strangely decorated ladder, walk across a balance beam, 
crawl through a tunnel, insert a hand into an odd box, touch a 
moving odd dinosaur or spider toy; at age 4.5, the last “Risky 
Act” involved a person in a witch or clown costume entering 
the room briefly). The parent was asked to remain neutral and 
work on questionnaires during these tasks.

Coding and data aggregation were parallel at ages 2 
and 4.5 years. We coded proximity to the parent for every 
30 s (within arm’s length, hovering close by, more than 
1/3 room away); latency to explore; presence/absence 
of exploration for every 30 s, including extra credits for 
exploring particularly threatening objects, and reluctance 
to perform each Risky Act (0 = act performed immedi-
ately after the demonstration and before the first prompt, 
1 = after the first prompt, 2 = after the second prompt, 
3 = after the third prompt, 4 = never performed, but child 
touches or approaches object, 5 = never performed and no 
approach), plus an extra point if the child showed distress. 
We also coded the child’s response to the stranger’s con-
versation overtures (0 = initiates interaction, 1 = gives ver-
bal response, 2 = does not give verbal response, but smiles 
or points to an object, 3 = does not respond, 4 = does not 
respond and shows distress), and proximity to the stranger 
(close contact, some distance, far away). Inter-coder reli-
ability, alphas, ranged from 0.74 to 1.00 at age 2 and 0.84 
to 1.00 at age 4.5.

For the session with each parent (mother listed first, 
father second), the number of segments within arm’s length 
to the parent, latency to explore, reversed exploration score, 
and the scores for each Risky Act were standardized and 
averaged (Cronbach’s alphas 0.85 and 0.82 at age 2, 0.85 
and 0.83 at age 4.5). The proximity to and response to the 
stranger were also standardized and averaged (Cronbach’s 
alphas 0.77 and 0.76 at age 2, 0.83 and 0.78 at age 4.5). 
Higher scores reflected higher BI. The four composites (two 
for each parent) cohered strongly at both times (rs among 
the composites were 0.36 to 0.72 at age 2 and 0.55 to 0.78 
at age 4.5, ps < 0.001) and were averaged into one overall 
BI score for each age.

Theory of Mind (ToM), Age 4.5–5.5 Years. Children’s 
ToM was assessed at 4.5 and 5.5 years using false belief 
tasks (for details, see Goffin et al., 2020). E presented the 
child with well-established tasks (unexpected contents, 
unexpected location, and belief–desire; Hughes et al., 2005), 
using pictures, puppets, and props (e.g., a Band-Aid box) as 
appropriate. At 4.5 years, there were four tasks: unexpected 
contents (Band-Aid Box story), unexpected location (Andy’s 
Apple and Chocolate stories), and belief–desire (Coke Can 
story). At 5.5 years, there were five tasks: unexpected con-
tents (Cookie Box story), unexpected location (Boris Banana 
story, New Toy story, and Mom and Baby story), and belief-
desire (Hot Chocolate story).

Coding of ToM followed the conventions described by 
Hughes et al. (2005, pp. 369–370). Coders assigned scores 
of either 0 (incorrect answer) or 1 (correct answer) to each 

Table 1  Descriptive Statistics of the Study Variables

BI Behavioral Inhibition measured using the “Risk Room” paradigm. 
ToM Theory of Mind measured using a series of false belief tasks. 
CSI Child Symptom Inventory. HBQ Health Behavior Questionnaire
a  Composite of standardized constituent variables. Variables in bold 
are the final constructs used in the analyses

M SD Range N

BI, age 2 yearsa 0.00 0.61 -1.04 – 1.20 100
BI, age 4.5 yearsa 0.01 0.69 -0.86 – 1.69 99
ToM
Age 4.5 years 3.00 2.64 0 – 8 98
Age 5.5 years 6.27 2.50 1 – 11 90
Aggregated, age 4.5–5.5 yearsa -0.01 0.90 -1.62 – 1.90 98
Social Anxiety, age 6.5 years
Mothers’ Ratings
Social Phobia, CSI 0.30 0.36 0.00 – 1.33 88
Social Anxiety, HBQ 1.66 0.48 1.00 – 3.00 88
Fathers’ Ratings
Social Phobia, CSI 0.45 0.45 0.00 – 2.00 86
Social Anxiety, HBQ 1.72 0.49 1.00 – 3.00 86
Overall Social Anxiety, aggre-

gated across parentsa
0.02 0.76 -1.17 – 2.39 90

Table 2  Correlations among the Study Variables

BI Behavioral Inhibition. ToM Theory of Mind. Gender was coded 
0 = girls, 1 = boys
* p < 0.05; **p < 0.01

BI, 2 years BI, 4.5 years ToM, 4.5–
5.5 years

Social 
Anxiety, 
6.5 years

BI, 2 years – 0.27** 0.05 0.30**
BI, 4.5 years – 0.11 0.34**
ToM, 4.5–

5.5 years
– -0.06
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critical test question asked per story. To earn a point, the 
child needed to respond correctly to both the critical test 
question (false belief question, e.g., “Where does Simon 
think Mary will look for the chocolate?”) and the accom-
panying control question(s) (e.g., “Where is the chocolate 
really?”). Children did not earn any points if they did not 
respond correctly to the control question(s). Reliability 
(kappa) was 1.00 for all stories.

We summed ToM scores across tasks. At 4.5 years, the 
possible range was 0 to 8, and at 5.5 years the possible 
range was 0 to 11. The two scores correlated, r(88) = 0.56, 
p < 0.001, and were standardized and averaged into an over-
all ToM score from 4.5 to 5.5 years.

Parent-Reported Social Anxiety, Age 6.5 Years. Moth-
ers and fathers reported the child’s social anxiety using the 
Social Phobia subscale from the Child Symptom Inventory 
(CSI-4; Gadow & Sprafkin, 2002) and the Social Inhibi-
tion subscale from the Macarthur Health Behavior Inventory 
(HBQ, Boyce et al., 2002; Essex et al., 2002) that targets 
socially anxious behaviors. The Social Phobia subscale con-
tained four items (e.g., “Tries to avoid contact with stran-
gers; abnormally shy”). The parent rated the child’s symp-
tom severity using a 4-point scale (0 = never, 1 = sometimes, 
2 = often, 3 = very often). Following the suggestion in the 
CSI-4 manual for calculating the symptom severity score 
(Gadow & Sprafkin, 2002), we omitted one screening item 
from analysis (“warm and outgoing with family members 

and familiar adults”). Cronbach’s alphas of the three items 
were 0.59 and 0.58, for mothers and fathers, respectively. 
The HBQ Social Inhibition subscale contained three items 
(e.g., “Is afraid of strangers”), and was rated by parents using 
a 3-point scale (1 = never/not true, 2 = sometimes/somewhat 
true, 3 = often/very true). Cronbach’s alphas were 0.68 and 
0.73, for mothers and fathers, respectively.

We calculated subscale means and standardized them to 
account for differences in rating scales. The four standard-
ized composites (two for each parent) cohered, alpha = 0.73, 
and were averaged into one social anxiety score.

Results

Preliminary Analysis: Attrition Analysis 
and Descriptive Statistics

We first inspected the missing data. T-tests suggested no dif-
ferences in the study variables between children who stayed 
in the study and those who dropped out. Little’s MCAR test 
(Little, 1988) indicated that data were missing completely 
at random, χ2(20) = 20.37, p = 0.44.

Next, we inspected the descriptive statistics (Table 1) and 
correlations among the variables (Table 2). BI at 2 years, BI 
at 4.5 years, and social anxiety at 6.5 years were correlated 
positively with each other, but they were not correlated with 

Fig. 1  The moderated mediation 
model of the developmental cas-
cade from the predictor, BI at 
age 2 years, to the mediator, BI 
at age 4.5 years, to the outcome, 
parent-reported social anxiety at 
age 6.5 years. Linear and quad-
ratic terms of children’s ToM at 
age 4.5–5.5 years were modeled 
as predictors of social anxiety at 
6.5 years as well as moderators 
of the path from BI at 4.5 years 
to social anxiety at 6.5 years. 
Although not depicted, the 
child’s gender was included as a 
covariate for both the mediator 
and the outcome. The models 
were saturated; covariances 
between predictors were not 
depicted for clarity. Solid lines 
represent significant paths, and 
dashed lines represent non-
significant paths. See Table 3 
for the path coefficients and the 
supplementary materials for 
covariances. BI = Behavioral 
Inhibition. ToM = Theory of 
Mind

BI

Age 2 years

Social Anxiety

Age 6.5 years

BI

Age 4.5 years

Linear ToM

Age 4.5-5.5 

years

Quadratic ToM

Age 4.5-5.5 

years

BI x Linear ToM

BI x Quadratic ToM

BI

Age 2 years

Social Anxiety

Age 6.5 years

BI

Age 4.5 years

Linear ToM

Age 4.5-5.5 

years

Quadratic ToM

Age 4.5-5.5 

years

BI x Linear ToM

Initial Model

Final Model
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ToM. Girls were more behaviorally inhibited at age 2 and 
more socially anxious at age 6.5 than boys, t(98) = 2.34 and 
t(88) = 2.06, respectively, ps < 0.05.

Main Analyses: The Moderated Mediation Model

Model Specification. We examined a moderated mediation 
model with BI at age 2 as the predictor, BI at 4.5 as the medi-
ator, and parent-reported social anxiety at 6.5 as the outcome. 
To inspect the moderating effect of ToM on the association 
between BI and social anxiety, as well as the potential curvi-
linear relation between ToM and social anxiety, we included 
linear and quadratic terms of ToM at ages 4.5 – 5.5, as well 
as their interaction terms with BI at age 4.5, as predictors of 
social anxiety at 6.5. Child gender was included as a covari-
ate. All predictors were already mean-centered before the 
analysis and were allowed to covary, resulting in a saturated 
model. The initial model configuration is illustrated in Fig. 1. 
Of note, we examined additional models in which BI at age 
2 was estimated as predicting the linear and quadratic terms 
of ToM at age 4.5 – 5.5 instead, but the path coefficients 
from BI to ToM were non-significant. Considering that such 
additional models were beyond the scope of this paper, we 
only reported the series of models in which BI and ToM were 
specified as covarying with each other.

We tested the moderated mediation effect in Mplus 
(Muthén & Muthén, 1998–2020), using codes adapted from  
Stride et al., (2015). The syntax corresponds to the frame-
work of PROCESS (Hayes, 2017) and allows for unbi-
ased missing data treatment using the full information 
maximum likelihood (FIML) method. To account for the 
non-normal distribution of the indirect effect and pro-
vide accurate estimations for the moderate sample size, 
we estimated the mediation effect by deriving the 95%  
confidence intervals (CI) using bias-corrected bootstrap-
ping with 10,000 resamples drawn (MacKinnon et al., 
2004; Preacher et al., 2007; Shrout & Bolger, 2002).

Results of the initial model are listed in Table 3. Children’s 
BI at age 2 was associated positively with BI at age 4.5, 
B = 0.29, SE = 0.12, p = 0.021, 95% CI [0.04, 0.52]; BI at 4.5, 
in turn, was associated positively with social anxiety at age 
6.5, B = 0.36, SE = 0.13, p = 0.005, 95% CI [0.13, 0.62]. In 
addition, the linear term of ToM was not associated, whereas 
the quadratic term of ToM was positively associated with 
social anxiety, B = -0.15, SE = 0.11, p = 0.162, 95% CI [-0.35, 
0.09], and B = 0.25, SE = 0.11, p = 0.022, 95% CI [0.02, 0.44], 
respectively. Further, the linear term of ToM marginally mod-
erated the relation between BI at age 4.5 and social anxiety at 
age 6.5, B = -0.29, SE = 0.16, p = 0.061, 95% CI [-0.57, 0.03]; 
whereas the interaction term between quadratic ToM and BI 
was not significant, B = -0.09, SE = 0.15, p = 0.571, 95% CI 
[-0.47, 0.20]. We further examined a model in which the path 
from the quadratic interaction term to social anxiety was Ta
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constrained at zero (χ2[1] = 0.515, p = 0.473; RMSEA = 0.00; 
CFI = 1.00; SRMR = 0.007). Constraining the path coefficient 
at zero did not change model fit, Δχ2(1) = 0.515, p = 0.473 
as compared to the initial model. Thus, in the final model 
(saturated), we omitted the quadratic interaction term for 
parsimony and ease of interpretation. 

The final model (Table  3 and Fig.  1) yielded simi- 
lar results as the initial model: Children’s BI at age 2  
was associated positively with BI at age 4.5, B = 0.29, 
SE = 0.12, p = 0.021, 95% CI [0.04, 0.52]. BI at 4.5 then 
significantly predicted social anxiety at 6.5 years, B = 0.29, 
SE = 0.10, p = 0.005, 95% CI [0.09, 0.49]. The linear term  
of ToM was not associated, whereas the quadratic term 
of ToM was positively associated with social anxiety, 
B = -0.15, SE = 0.10, p = 0.144, 95% CI [-0.34, 0.06], and 
B = 0.24, SE = 0.10, p = 0.020, 95% CI [0.03, 0.43], respec-
tively. Further, the association between BI at age 4.5 and 
social anxiety at age 6.5 was qualified by a significant 
interaction between BI at age 4.5 and the linear term of 
ToM skills at age 4.5 – 5.5, B = -0.27, SE = 0.14, p = 0.049,  
95% CI [-0.55, -0.01]. Following the significant moderat-
ing and quadratic effects of ToM, we proceeded to examine 
the moderated mediation effect, as well as the curvilinear  
relation between ToM and social anxiety.

Moderated Mediation. We first inspected the simple 
slopes of social anxiety on BI at age 4.5 at low (-1 SD), 
average (0 SD), and high (+ 1 SD) levels of ToM skills 
(Aiken & West, 1991). For children with low (-1 SD) 
to average (0 SD) ToM skills, BI at age 4.5 was associ-
ated positively with social anxiety at age 6.5, B = 0.53, 
SE = 0.16, p = 0.001, 95% CI [0.24, 0.88], and B = 0.29, 
SE = 0.10, p = 0.005, 95% CI [0.09, 0.49], respectively. By 

contrast, for children with high (+ 1 SD) ToM skills, BI at 
age 4.5 was unrelated to social anxiety at age 6.5, B = 0.05, 
SE = 0.16, p = 0.764, 95% CI [-0.26, 0.37]. The respective 
simple slopes are depicted in Fig. 2.

Consequently, the proposed moderated mediation 
model was supported; index of moderated mediation 
(Hayes, 2015) = -0.08, SE = 0.05, 95% CI [-0.23, -0.01]. 
The indirect effect from BI at age 2 year to BI at age 4.5 
to social anxiety at age 6.5 was present for children who 
had low (-1 SD) to average (0 SD) ToM skills, B = 0.15, 
SE = 0.09, 95% CI [0.03, 0.39], and B = 0.08, SE = 0.06, 
95% CI [0.01, 0.23], respectively. By contrast, for children 
who had high (+ 1 SD) ToM skills, the indirect effect was 
absent, B = 0.01, SE = 0.05, 95% CI [-0.06, 0.15]. In addi-
tion, there was a direct effect from BI at age 2 to social 
anxiety at age 6.5, B = 0.26, SE = 0.12, p = 0.026, 95% CI 
[0.05, 0.51], supporting a partial mediation model.

Curvilinear Effect of ToM. Because a significant quad-
ratic term provides little information about the actual shape 
of the curvilinear relation (Simonsohn, 2018), we examined 
the association between ToM and social anxiety using the 
two-lines approach (Simonsohn, 2018). The two-lines test 
utilizes two linear regressions, one for the “low” values of 
the predictor, and the other for the “high” values of the pre-
dictor. The relation between the predictor and the outcome 
takes a U-shaped form if both regression lines are significant 
but with opposite signs. Following the approach of Nikolić 
et al. (2019), we formed two extreme groups based on sam-
ple statistics: The low-ToM group consisted of children 
whose ToM was in the lowest 30% (≤ -0.46; N = 30), and 
the high-ToM group consisted of children whose ToM was 
in the highest 30% (≥ 0.53; N = 31). We then conducted a 

Fig. 2  Simple slopes of BI 
at age 4.5 years predicting 
parent-rated social anxiety at 
age 6.5 years at low (-1 SD), 
mean (0 SD), and high (+ 1 
SD) values of ToM skills. 
Solid lines represent significant 
simple slopes, and dashed lines 
represent non-significant simple 
slopes. BI = Behavioral Inhibi-
tion. ToM = Theory of Mind
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multigroup analysis in Mplus with the two extreme groups. 
Note that we examined alternative ways to split the sam-
ple, such as a median split, as well as the data-driven split 
as suggested by the online tool developed by Simonsohn 
(2018), and the different approaches yielded similar results. 
As aforementioned, we used bias-corrected bootstrapping 
with 10,000 resamples to provide accurate estimations for 
the limited sample sizes in each group. We specified the 
model for each group in the same way as the moderated 
mediation model, but without the quadratic term of ToM 
or the interaction term (as the purpose was to replicate the 
findings in Nikolić et al., 2019, or to describe the shape of 
the curvilinear relation using the two linear regressions in 
the full sample). Path coefficients were constrained to be 
the same across the two groups, except for the intercepts of 
social anxiety and the slopes of ToM predicting social anxi-
ety, which were allowed to differ across groups.

Results are illustrated in Fig.  3. For children in the 
low-ToM group, ToM skills were associated negatively 
with social anxiety, B = -1.49, SE = 0.53, p = 0.005, 95% 
CI [-2.49, -0.39]. However, for children in the high-ToM 

group, the association between ToM and social anxiety was 
absent, B = -0.02, SE = 0.28, p = 0.944, 95% CI [-0.55, 0.58]. 
In other words, the results suggested a L-shaped association 
between ToM and social anxiety.

Discussion

A critical goal in developmental psychology and psychopa-
thology is to understand what accounts for continuity versus 
discontinuity of both adaptive and maladaptive developmen-
tal trajectories. Research has shown that behaviorally inhib-
ited toddlers tend to remain inhibited, fearful, and shy over 
the course of development, and they are often at risk for 
developing social anxiety. Yet, despite the often-described 
continuity of this temperament trait, only some, but not all 
behaviorally inhibited children remain on the trajectory 
to social anxiety at school age and adolescence (Clauss & 
Blackford, 2012). Understanding the potential mechanisms 
that moderate that trajectory, particularly those that attenu-
ate developmental risks by disrupting progress from early 

Fig. 3  The relation between ToM at age 4.5 – 5.5 years and parent-
rated social anxiety at age 6.5 years. The model suggested a curvilin-
ear relation between ToM and social anxiety (black quadratic curve). 
We used the two-line test to further examine the shape of the curve by 
estimating two linear models for children with low ToM skills (low-
est 30% of the sample; left shaded area) and high ToM skills (high-
est 30% of the sample; right shaded area). ToM was associated neg-

atively with social anxiety for children in the low-ToM group (solid 
straight line), but not associated with social anxiety for children in 
the high-ToM group (dashed straight line), supporting a L-shaped 
curvilinear relation between ToM and social anxiety. Data points 
in gray circles represent the residualized scores of social anxiety 
after controlling for gender and previous BI at ages 2 and 4.5 years. 
BI = Behavioral Inhibition. ToM = Theory of Mind
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BI to future anxiety symptoms, would inform translational 
research on effective interventions for anxiety disorders 
(Chronis-Tuscano et al., 2018).

We examined one such mechanism – children’s social 
information processing skills, specifically ToM skills, 
emerging generally at preschool age. Our focus is consist-
ent with the recent emphasis on a rapprochement between 
research on young children’s temperament and their social-
cognitive skills in the origins of social anxiety, explicitly 
proposed as an agenda for the future (Nikolić, 2020). Our 
findings suggest that strong ToM abilities may be one of 
the factors that underlie discontinuity of the developmental 
trajectory from early fearful, inhibited temperament to social 
anxiety at early school age. Our main findings were straight-
forward. The maladaptive developmental cascade – from 
early BI at toddler age to social anxiety symptoms at school 
age, mediated by BI at preschool age – was present only 
for children who had relatively poor skills of understanding 
others’ mental states. By contrast, for the good mind read-
ers, the indirect effect was absent, and preschool BI did not 
predict social anxiety at school age.

These findings correspond with the literature that has 
shown that impoverished or biased understanding of other 
people’s beliefs, intentions, and attitudes often maintains or 
worsens social anxiety (Banerjee & Henderson, 2001; Pearcey 
et al., 2020; Rapee & Spence, 2004; Spence et al., 1999). 
Children with poor ToM may have difficulty interpreting  
social cues and engaging in social interactions effectively 
(Capage & Watson, 2001; Devine et al., 2016; Lecce et al., 
2017; Slaughter et al., 2015; Watson et al., 1999). Social dif-
ficulties and negative social experiences, combined with an 
inhibited, fearful temperament, may contribute to negative 
interpretations of social cues and deepen social withdrawal, 
avoidance, and ultimately, social anxiety. By contrast, behav-
iorally inhibited children who are proficient mind readers 
may be skillful when navigating their social environments; 
the temperamental sensitivity to novelty and uncertainty, 
combined with accurate social understanding, may, in fact, 
make these children good observers and interpreters of the 
surrounding social world (LaBounty et al., 2017; Wellman 
et al., 2011). Consequently, even if these children remain reti-
cent, they are less likely to develop social anxiety symptoms.

Of note, highly inhibited toddlers remained at risk for 
future elevated social anxiety. Although we confirmed the 
presence of an indirect effect of toddler-age BI to social anxi-
ety via preschool-age BI (moderated by ToM), toddler-age BI 
continued to exert a direct effect on social anxiety in the final 
model. This suggests partial mediation; toddler-age fearful 
temperament may be associated with future social anxiety 
through mechanisms other than fearfulness at preschool age, 
not measured in the current study, including evocative effects 
on parenting and parental emotion socialization and negative 
peer relationships (Affrunti et al., 2014; Degnan et al., 2010; 

Kiel & Buss, 2014; Lewis-Morrarty et al., 2012; Rubin et al., 
2009).

Our study also produced additional, more nuanced find-
ings, when we inspected the curvilinear relation between 
ToM and social anxiety. Lower levels of ToM skills were 
associated with higher levels of social anxiety, but only for 
children whose ToM was in the lower range. For children 
with relatively good ToM skills, preschool-age ToM was 
unrelated to future social anxiety. These findings are consist-
ent with the notion that the relation between ToM and social 
anxiety may be curvilinear (Nikolić et al., 2019). However, 
instead of the U-shaped curve described by Nikolić et al. 
(2019), our findings support a L-shaped relation: ToM was 
associated negatively with social anxiety among children 
with relatively poor ToM skills, but not associated with 
social anxiety among children with relatively good ToM 
skills. We were not able to replicate the positive association 
between mindreading abilities and concurrent social anxiety 
among advanced mind readers (Nikolić et al., 2019). Perhaps 
this was due to the differences in the measurement of ToM 
and the age range of the samples. Our false belief tasks pri-
marily focused on cognitive ToM. It is possible that height-
ened affective ToM, such as the sensitivity to facial expres-
sions (Nikolić et al., 2019), may increase the risk for social 
anxiety. Further, we only inspected the relation between 
ToM at age 4.5 – 5.5 and social anxiety at age 6.5. As social 
anxiety symptoms increase during early adolescence, the 
relation between ToM and social anxiety assessed at later 
ages may be different. Alternatively, ToM skills of advanced 
mind readers may not be associated with future social anxi-
ety after controlling for early temperament. Future studies 
should systematically examine the effects of different aspects 
of ToM on the developmental psychopathology of social 
anxiety from childhood to adolescence.

This study has limitations. The families came from a low-
risk community sample, limiting generalizability to at-risk 
and diverse populations. The ethnic diversity was limited 
(although we note that in 20% of families, one or both parents 
were non-White). Children were typically developing and not 
selected for early BI; their social anxiety symptoms were gen-
erally low. To our knowledge, most studies on the associations 
among BI, ToM, and social anxiety also utilized normative 
community samples, with most children’s social anxiety being 
below clinical levels. In future studies, it will be important to 
include both normative samples and at-risk samples. As well, 
including young children who represent the broad spectrum of 
BI would be useful. Multiple robust parent-reported screen-
ing instruments and well-established observational procedures 
are available. Such designs would inform researchers’ and 
clinicians’ understanding of the potential importance of ToM 
(and perhaps other social-cognitive skills) as factors that may 
protect vulnerable children from developing severe forms of 
anxiety disorders.
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Further, deficits in ToM may be associated with other 
problems in social information processing, such as atten-
tional biases, memory biases, and biased appraisal of 
ambiguous stimuli. Those information-processing mecha-
nisms have been known to be associated with elevated risk 
of social anxiety (Abend et al., 2021; Lau & Waters, 2017). 
Future studies should examine a broad scope of various 
information-processing deficits and their relations with 
social anxiety.

In sum, our findings elucidate the role of social cogni-
tive skills, particularly ToM, in mitigating the maladaptive 
developmental trajectory from early BI to social anxiety at 
school age. Although BI often forecasts future social anxiety, 
researchers have found that such path can be deflected, and 
that inhibited children can become relatively well adjusted 
if aided by good regulative abilities and supportive ecologi-
cal systems (Degnan & Fox, 2007; Pérez-Edgar et al., 2014; 
Poole et al., 2018). Our findings dovetail with extant evi-
dence that behaviorally inhibited children can embark on 
heterogeneous developmental trajectories. Further, we high-
light the role of ToM as one potential protective mechanism. 
Researchers and clinicians may consider ToM as a potential 
target in future prevention and intervention programs for 
childhood social anxiety.
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