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Although typically-developing children all acquire the foundation for social cognition—a theory-
of-mind (ToM)—at around age 6, there exists meaningful variability in social cognitive abilities
among adults. Given that social cognition underpins our ability to relate and successfully
collaborate with others, it is important to investigate potential contributors to this variability in
adults. What factors, in particular developmental factors, help determine whether adults are
better or worse at understanding other people? A likely factor to consider is siblinghood, as
children with siblings tend to exhibit better ToM ability than only children. But does this influ-
ence extend into adulthood? In a pre-registered study, we examined whether various aspects of
siblinghood predict mentalizing ability in a large and diverse young adult sample (N = 1792, M
age = 24.12, Number of Siblings ranging from 0 to 9), using the Reading-the-Mind-in-the-Eyes
Test (Baron-Cohen et al., 2001), an age-appropriate mentalizing task. Those who had more
older siblings exhibited better mentalizing performance and the effect of siblinghood differed by
gender. Men tended to have better mentalizing abilities when they had siblings, but this
advantage was greatly attenuated for women. The results were robust, persisting even after
controlling for age, race, and language ability.

Human beings are an intrinsically social species, making it essential that we accurately understand the thoughts, feelings, and
motivations of our peers. What allows us to successfully navigate the social world is a suite of cognitive abilities known as social
cognition. The foundation for social cognition is theory-of-mind (ToM; Apperly, 2012), which is acquired in childhood. However, there
remains a wide range of variability in social cognitive abilities among adolescents and adults (Carpenter et al., 2016; Keysar et al.,
2003), including variability in the ability to infer the mental states of others (i.e., mentalizing; Frith & Frith, 2003). Identifying the
factors driving this variability—why some adults are better or worse at understanding their peers—is therefore of paramount
importance. One likely candidate influence is siblinghood. Children with siblings tend to exhibit more advanced ToM compared to only
children (Devine & Hughes, 2018). However, it is not currently known whether this influence of siblinghood persists into adulthood.
We therefore examined whether the siblinghood effects observed for children’s ToM persist into adulthood, with respect to

mentalizing.

1. Siblinghood and child ToM

In children, various aspects of the family environment have been found to influence ToM development (Devine & Hughes, 2018).
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Frequent exposure to mental state talk from mothers, for example, is associated with better ToM in their children (Devine & Hughes,
2018; Dunn et al., 1991). Another particularly influential aspect of the family environment is the presence of siblings. There is a
popular lay belief that children who have siblings are better off with respect to their social abilities compared to only children. The
thinking is that those with siblings develop conflict management skills earlier on than only children, thanks to sibling conflict (e.g.,
disputes regarding property and ownership; Howe et al., 2011; Persram & Scirocco, 2019; Persram et al., 2019; Ross, 1996). These folk
intuitions would seem to hold true: children who have siblings, compared to only children, tend to do better on ToM tasks (Devine &
Hughes, 2018; McAlister & Peterson, 2007; Perner et al., 1994; Peterson, 2000). In studies with children, ToM is often operationalized
as false belief reasoning, the understanding that others can hold beliefs about the world that depart from reality. Growing up with
siblings is thus associated with greater understanding of the beliefs of others.

Several studies have added additional nuance and complexity to these initial findings. For example, many studies on the effect of
siblinghood on ToM have highlighted the importance of older siblings: having an older sibling may be particularly beneficial for ToM.
Younger siblings often become “apprentices” to older siblings, by habitually eliciting help from older siblings, and older siblings in turn
often spontaneously teach their younger siblings (Azmitia & Hesser, 1993; Howe et al., 2017, 2015; Lewis et al., 1996; Perner et al.,
1994; Ruffman et al., 1998; Segal et al., 2018). Having larger families, with more older siblings, may also allow for more consistent and
sophisticated mental state language exposure which is a known predictor of theory-of-mind ability (Lewis et al., 1996). These close
interactions with an older sibling in possession of more developed cognitive and social cognitive abilities could thus help scaffold the
development of these same abilities in the younger sibling.

However, it could also be the case that this is not limited to siblings. Rather, any instance of development within an environment
rich with meaningful social interactions could confer these social cognitive benefits (Perner, 1994). This would be consistent with
evidence that interactions with younger siblings, and simply having more siblings in general, can improve ToM (Devine & Hughes,
2018; Leblanc et al., 2017; Paine et al., 2018; Peterson, 2000). The key here is the nature and quality of the sibling interactions. For
example, meta-analytic evidence suggests that the effect of siblinghood on false belief reasoning is stronger for those with similar-aged
siblings (Devine & Hughes, 2018). It is likely that interactions with siblings similar in age are likely to be more meaningful in nature,
compared to those with siblings far younger or older (McAlister & Peterson, 2007; Peterson, 2000; Ruffman et al., 1998). Differences
between siblings can also require more demanding forms of perspective-taking (e.g., opposite-gender siblings; Ruffman et al., 1998).
Consistent with this idea, having a single sibling who is a twin is actually associated with lower ToM performance compared to having
just one non-twin sibling (Cassidy et al., 2005). The similarity commonly found between twins might reduce the demand for men-
talizing, which means less of an opportunity to develop these mental inference abilities. All these findings highlight the importance of
investigating a wealth of sibling variables when examining this topic, including number of younger siblings, number of older siblings,
and overall number of siblings.

Lastly, gender might also be important, as there is some evidence that gender plays a factor in the association between siblinghood
and ToM (Sang & Nelson, 2015). This may result from potentially different types of interactions that girls and boys have with their
siblings as children. Whether the influence of siblings on social cognition persists into adulthood, however, has rarely been
investigated.

2. Adult mentalizing abilities

Although a working ToM is typically acquired in childhood (Flavell, 1999), there remains a great deal of variability in how well
adults can infer the mental states of others. The most well-known measure of adult mentalizing is the Reading-the-Mind-in-the-Eyes
Test (RMET; Baron-Cohen et al., 2001), which asks participants to infer mental states from photographs of a person’s eye-region,
choosing from among 4 options. Not surprisingly, there is considerable variability in scores for this task, with these differences in
scores often affirming the validity of this measure. For example, scores on the RMET result in the expected mentalizing advantage that
neurotypical individuals have over high-functioning individuals with Autism Spectrum Disorder (Baron-Cohen et al., 2001).
Completing the RMET also activates brain regions associated with mentalizing (see appendix of Adams et al., 2010), and a double-blind
placebo-controlled study found that intranasal administration of oxytocin (a neuropeptide key to social cognition; Insel, 2010) results
in better performance on this task (Domes et al., 2007). Women also typically outperform men on the RMET (Kirkland et al., 2013),
consistent with previously observed gender differences in social cognition.

Exposure to different environments can influence adult mentalizing as captured by the RMET, parallel to what is observed with
children and ToM. Culture and social class both affect mentalizing in adults, for example (Adams et al., 2010; Bjornsdottir & Rule,
2016; Kraus et al., 2010; cf. as with other aspects of social cognition, Dietze & Knowles, 2020; Wu & Keysar, 2007). Unfortunately,
although there are many studies on how siblinghood affects childhood ToM, there are no studies to-date that investigate whether
siblings continue to have an influence on adult social cognitive abilities, such as mentalizing. The most relevant work available
examined children over 6 years of age, but only up to 9 or 11 years-old, and these have produced contradictory findings (Calero et al.,
2013; Kennedy et al., 2015).

We should not simply assume that the siblinghood effects on ToM observed in childhood will persist into adulthood. Growing into
adulthood involves increasing opportunities to socialize outside of one’s family, widening the scope of one’s social environment.
Adults can easily improve their social cognitive abilities through a myriad of influences, including peer interactions, romantic re-
lationships, and working with others at school or at work. Moreover, the nature of sibling relationships changes from childhood to
adulthood, as siblings begin to rely on and relate to each other in different ways. That said, there are also reasons to believe why this
influence of siblings on childhood ToM might translate into an adult advantage in mentalizing relative to only children. For one,
siblings remain an influence even for adults. There is no reason for sibling rivalry, for example, to cease simply because both siblings
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are now adults. Not all aspects of sibling relationships are conflictual, of course, with other aspects of sibling relationships also likely to
have a positive influence on adult mentalizing. This includes discussing with a sibling how to handle family dynamics (e.g., conflict
between parents, among extended family), gaining an extended social network by virtue of knowing a sibling’s friends and coworkers,
and even trying to take into account the feelings and reactions of a sibling when sharing news with family.

It is also necessary to consider that almost all the extant evidence for an effect of siblinghood on ToM has been observed using false
belief tasks. These tasks are designed for young children and pertain to a specific aspect of mentalizing: higher-order reasoning about
the beliefs of others. The RMET has the advantage of being designed for adults, our population of interest, and it likely measures a
different aspect of mentalizing social cognition than false-belief tasks: decoding subtle nonverbal cues for mental states. This difference
is another reason why the effects observed in children with false belief tasks may not be observed when examining adults with the
RMET. In other words, using the RMET provides a very conservative test of the siblinghood effect as it requires these prior observations
to generalize to other aspects of mentalizing. If the siblinghood effect is not observed with the RMET in adults, then this effect might be
unique to the aspects of mentalizing measured by false belief tasks or there may be no siblinghood effect among adults. Considering
this myriad of possibilities, it is necessary to empirically examine whether the advantage that children with siblings have over only
children regarding ToM persists into adulthood, with respect to mentalizing.

3. Current Study

We examined the association between siblinghood and mentalizing in an adult sample, using four siblinghood variables widely
employed in developmental research. First, we predicted that those who had at least one sibling would tend to have better mentalizing
ability compared to those with no siblings (McAlister & Peterson, 2007; Peterson, 2000). Second, we predicted that a greater number of
older siblings would be associated with better mentalizing ability, based on evidence that younger children learn from older ones
(Lewis et al., 1996; Perner et al., 1994; Ruffman et al., 1998). Third, we tested whether the number of younger siblings would be
beneficial, since younger children might also confer social cognitive benefits onto older siblings (Leblanc et al., 2017; Paine et al.,
2018; Peterson, 2000). Fourth, we examined the potential benefit of the overall number of siblings, as having a socially-rich envi-
ronment, per se, might promote social cognition (Perner, 1994; N.B. particularly similar-aged siblings, Devine & Hughes, 2018).

Given that there may be small gender differences in social cognition (Bayliss et al., 2005; Hall et al., 2010; Kirkland et al., 2013),
and potential siblinghood by gender interactions (Sang & Nelson, 2015), we also conducted an exploratory analysis of how these
siblinghood variables interact with gender. Evidence for gender differences in the sibling benefit for mentalizing is unclear. There is a
report that siblings may mention mental states more frequently to female siblings compared to male ones (Brown et al., 1996), which
suggests that sisters may have more sibling interactions that promote mentalizing compared to brothers. However, there is also evi-
dence that girls with an older brother exhibit worse perspective-taking skill than girls with no siblings (Sang & Nelson, 2015). Boys
with brothers, on the other hand, exhibit somewhat better perspective-taking skills than boys with no siblings (Sang & Nelson, 2015).
Given these mixed findings, it is important to explore whether gender moderates any benefit of siblinghood.

The data for this study originates in multiple archived datasets from previous studies conducted in our laboratory. This allows us to
test our research questions using a large sample of adults (~1700), far larger than those typically employed to previously examine this
question in children. We also adopt a highly conservative statistical approach by controlling for gender, age, English language ability,
and whether participants are the same race as the targets, all of which are known to influence performance on the RMET (Baker et al.,
2014; Elfenbein & Ambady, 2003; Kirkland et al., 2013; Phillips et al., 2002). Our analyses were pre-registered in advance, and appear
on the Open Science Framework, along with all materials, analysis scripts, and supplementary materials (osf.io/xn9tr; data will be
promptly shared upon request). We thus present a high-powered, pre-registered, examination of whether the childhood advantages in
ToM that siblings afford persists into adulthood, in the form of better mentalizing ability, after controlling for several relevant de-
mographic factors.

4. Method

Data was pooled from 27 pre-existing datasets, collected by our laboratory for separate and unrelated purposes. To qualify for this
study, a dataset had to include the following data: (1) scores for the Reading-the-Mind-in-the-Eyes Test (RMET), (2) demographic
information regarding siblings, and (3) at least 10 valid cases (i.e., not completely missing by row).

5. Participants

The initial sample size after aggregation was 2317. Our pre-registered exclusion criteria included removing any participants if there
were any missing responses for the RMET items (n = 520), if participants reported an unusually low or high age (ages 8, 10, and 99; n =
3), and if they were deemed an outlier based on visual inspection of box plots, leverage plots, and plots for Cook’s D (n = 2). Our final
sample consisted of 1792 individuals. The average age of our respondents was 24.12 years (SD = 9.68) and 62% were female. Almost
all this sample comprised of university undergraduates from a large multicultural city in Canada, with about 13% (n = 235) recruited
from Amazon’s Mechanical Turk (MTurk; an online crowdsourcing platform). Slightly less than half of the sample were of European
heritage (46%), with the remainder being a mix of South Asian (12%), East and Southeast Asian (12%), African/Caribbean (6%), and
Middle Eastern (6%; the remainder being other or unknown, 18%). About two-thirds of the sample had English as their first language
(66%).

With respect to siblinghood, an overwhelming majority had at least one sibling (87%). Across the entire sample (including only
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children), the number of siblings ranged from 0 to 9, but the average number of siblings was between 1 and 2 (M = 1.70, SD = 1.31;
Mdn = 1), with the modal number of siblings being 1 (n = 737). Participants on average had almost 1 older and younger sibling (Older
Sibling: M = 0.80, SD = 1.04, Mdn = 1; Younger Sibling: M = 0.86, SD = 1.03, Mdn = 1; mode for both was 0). When looking at only
those with siblings, the modal response for the number of older siblings was 0, and for the number of younger siblings the mode was 1.

6. Measures
6.1. Mentalizing ability

We measured mentalizing ability using the Reading-the-Mind-in-the-Eyes Test (RMET; Baron-Cohen et al., 2001). In this task,
participants choose the mental state a person is experiencing based on a grayscale image depicting the region around their eyes. The
appropriate mental state is selected based on 4 possible options. In order to reduce the role of vocabulary in task performance, all
options were accompanied by definitions. We scored the RMET as the number of correct items out of 36 total items. This measure has
acceptable test-retest reliability (Fernandez-Abascal et al., 2013; Khorashad et al., 2015), captures the mentalizing deficit found among
those with high-functioning autism or Asperger’s syndrome (Baron-Cohen et al., 2001), the gender advantage women hold over men
(Warrier et al., 2017), and can also detect the boost in mentalizing performance that follows an administration of oxytocin (Domes
et al., 2007). There is also some evidence that the RMET might predominantly capture an aspect of social cognition closely related to
mental inference: emotion identification (Oakley et al., 2016). In our sample, this measure exhibited good internal reliability, a = .78
(95% CI: 0.77, 0.80), consistent with previous research (Kittel et al., 2021).

6.2. Siblinghood information

Participants self-reported how many siblings they have and their own birth order, which we then used to compute the four sib-
linghood variables. Overall number of siblings was re-coded into a binary variable indicating whether participants had any siblings at
all, which we refer to as sibling status (0 = only child, 1 = have at least one sibling). In addition to our pre-registered analysis of birth
order, we also decomposed this variable into reports of number of older and younger siblings, given past research on the importance of
older siblings. We computed the number of older siblings by taking birth order and subtracting 1 (e.g., first-borns have 0 older siblings
[1-1 = 0]; second-borns have 1 older sibling [2 — 1 = 1]). Although this calculation for older siblings was not pre-registered, it is a
simple linear transformation of birth order (i.e., number of older siblings = birth order — 1) and analyzing birth order was pre-
registered. Because it is a simple linear transformation, this does not change the results of any covariance analysis. Number of

Table 1
Zero-Order Correlation Matrix.
Variable 1 2 3 4 5 6 7 8 9
1. RMET
2. Age .20 *
[.15,.24]
3. Genderf .08 * -11+
[.03,.12] [- .16, —
.06]
4. Racef 22 41 % -.09 *
[.17,.27] [.37,.45] [— .14, —
.04]
5. Englishf 15 * .30 * -.08 * .45 *
[.10,.19] [.25,.34] [-.13, — [.41,.49]
.04]
6. Birth Order .06 * -.02 -.03 -.02 .05 *
[.01,.10] [-.07,.03] [-.07,.02] [-.07,.03] [.00,.10]
7. Older Sibs. .06 * -.00 -.03 -.00 .06 * .96 *
[.01,.11] [— .05,.04] [-.08,.02] [~ .05,.05] [.01,.10] [.96,.96]
8. Sib. Statusf -.00 -.08 * .01 -.06 * -.00 52 % .29 *
[— [-.12, — [— .04,.06] [ .11, — [— [.49,.56] [.25,.33]
.05,.04] .03] .01] .05,.04]
9. Num. Sibs .03 .04 .04 -.06 * .03 .66 * .61 * .48 *
[— [-.01,.08] [- .00,.09] [-.11, — [— [.63,.68] [.58,.64] [.45,.52]
.02,.07] .01] .02,.07]
10. Younger -.01 .06 * .08 * -.05 * -.01 -.08 * -.20 * 31 % 61 *
Sibs.
[— [.01,.10] [.03,.12] [- .10, — [— [-.12, — [— .24, — [.27,.35] [.58,.64]
.05,.04] .00] .06,.03] .03] .16]

Note. * = p < .05. { Dichotomous variables are dummy-coded in favor of predicting RMET (i.e., 1 = Female, Same race as target, English as a first
language, Have siblings). Correlations between two dichotomous variables are phi coefficients. Correlations between continuous and dichotomous
variables are point-biserial correlations. Race = Same race as target, English = English as a first language, Older Sibs. = number of older siblings, Sib.
Status = sibling status, Num. Sibs = overall number of siblings, Younger Sibs. = number of younger siblings
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younger siblings was then computed by taking the total number of siblings and subtracting number of older siblings. For only children,
their total number of siblings, birth order, number of older siblings, and number of younger siblings were all coded as 0.

6.3. Control variables

Key demographic variables were incorporated as control variables, including gender, age, English as a first language, and race.
Each of these variables has been associated with our key constructs in past research. For example, women have an advantage over men
when it comes to mentalizing, empathy, and social cognition (Hall et al., 2010; McClure, 2000), with a meta-analysis of 40 studies
identifying a small, but robust advantage for women on the RMET (M = .18; Kirkland et al., 2013). Older individuals also tend to have
better mentalizing abilities (Phillips et al., 2002; Ruffman et al., 2010), as do those with higher verbal intelligence (Baker et al., 2014).
Although definitions for all response options in the RMET were included in our studies, we decided to control for English as a first
language in order to adopt a statistically conservative approach. Lastly, there may be an in-group advantage for social cognition,
whereby emotional displays for same-race faces are recognized more rapidly and with greater accuracy (e.g., Elfenbein & Ambady,
2003). Since all the RMET faces are White, we coded for whether respondents reported also being White (i.e., European) and controlled
for this in our analyses.

7. Results
7.1. Descriptive statistics

All analyses were conducted using R (R Core Team, 2021) and RStudio (1.3.1073; RStudio Team, 2020). Zero-order correlations
between all variables appear in Table 1. As expected, number of siblings was correlated with both number of older and younger
siblings, and there was a negative relationship between number of older and younger siblings. Age, one of our control variables, was
positively related to RMET accuracy. Average RMET accuracy was approximately 24 out of 36 items correct (67%; M = 24.24, SD =

5.62), consistent with past reports with non-clinical adult samples (Baron-Cohen et al., 2001; Dietze & Knowles, 2020; Kraus et al.,
2010). These scores ranged from 4 to 36 items answered correctly, also consistent with past work (Dietze & Knowles, 2020).

7.2. Primary analyses

The following primary analyses were all pre-registered (osf.io/q8z46). Regression diagnostics were conducted for all models and

Table 2
Siblinghood Variables Predicting Mentalizing, Controlling for Other Demographics.

Predictor B [95% CI] p Predictor B [95% CI] P

Age 0.07 < .001 IAge 0.07 <.001
[0.05, 0.11] [0.04, 0.10]

Gender 1.24 <.001 Gender 1.23 <.001
[0.67,1.81] [ 0.66, 1.80]

Race 1.64 <.001 IRace 1.65 <.001
[0.99, 2.28] [1.00, 2.31]

English 0.73 .03 [English 0.72 .03
[0.07, 1.39] [0.06, 1.38]

Sibling Status -0.39 .37 INum. Sibs. 0.10 .34
[— 1.24, 0.46] [- 0.11, 0.32]

Adj R? .07 IAdj R? .07

A Adj R? < -.001 AAdj R? < —.001

Predictor B [95% CI] P Predictor B [95% CI] P

Age 0.07 <.001 IAge 0.08 <.001
[0.05, 0.11] [0.05, 0.11]

Gender 1.26 <.001 Gender 1.25 <.001
[ 0.69, 1.83] [0.68, 1.82]

Race 1.65 < .001 IRace 1.61 <.001
[1.00, 2.30] [0.96, 2.26]

English 0.68 .04 [English 0.74 .03
[0.02, 1.34] [0.08, 1.41]

Older Sibs. 0.33 .02 IYounger Sibs. -0.06 .69
[0.06, 0.60] [-0.32, 0.21]

Adj R? .08 IAdj R? .07

A Adj R? .003 AAdj R? <.001

Note. Change in adjusted R reflects additional variance explained from previous model with only demographic control variables. Race = Same race as
target. English = English as first language. Num. Sibs. = overall number of siblings. Older Sibs. = number of older siblings. Younger Sibs = number of
younger siblings.
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our data satisfied all assumptions. For all models we report unstandardized coefficients. We first conducted simple linear regressions
examining whether our siblinghood variables predict mentalizing ability. Those who were later born tended to do better on the RMET,
B =0.27 (95% CI: 0.06, 0.49), p = .01. This is consistent with the idea that older siblings help foster social cognition. In contrast, sibling
status (i.e., being an only child or not) and overall number of siblings, did not show the same prediction of mentalizing, Sibling Status:
B = 0.04 (95% CI: —0.75, 0.85), p = .90; Overall Number of Siblings: B = 0.11 (95% CL: —0.09, 0.31), p = .29. These results fail to
support the idea that having many siblings of any age is important for fostering social cognition in adults.

Next, we further explored the birth order effect by examining the number of older siblings and younger siblings, separately (these
exploratory analyses were not pre-registered). Those who had older siblings tended to have better mentalizing, similar to birth order, B
=0.32(95% CI: 0.07, 0.57), p = .01. However, number of younger siblings had no association with mentalizing, B = —0.03 (95% CIL:
—0.28, 0.22), p = .82. Collectively, these results support past work with children that it is the presence of older siblings that supports
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Fig. 1. Interaction Plots for Siblinghood Variables by Gender.
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the development of social cognition, with no evidence that younger siblings have a similar influence.

Hierarchical regressions were next conducted, adding our control variables to examine if the observed associations persist after
accounting for demographics. In Step 1, we controlled for age, gender, race, and English as a first language. These control variables
explained 7% of the variance in mentalizing accuracy, with each control variable acting as a unique predictor, Rgdj = 0.07. Individuals
who were older (B = 0.07, [95% CI: 0.05, 0.11], p < .001), were the same race as the targets (B = 1.62 [95% CI: 0.98, 2.27], p < .001),
female (B = 1.24, [95% CI: 0.67, 1.81], p < .001), and had English as their first language (B = 0.74, [95% CI: 0.08, 1.40], p = .03)
tended to do better than those who were younger, a different race than the targets, male, and learned English as a second language,
respectively. This result validates our decision to control for these demographic variables.

In Step 2, birth order was added to the model. Even after controlling for these demographic variables, birth order still acted as a
unique predictor of mentalizing ability, B = 0.30 (95% CI: 0.07, 0.54), p = .01, ARgdj = 0.003, and improved the model, )(2 (1,N=
1532) = 6.48, p = .01. Number of older siblings was also added in a separate model, and had similar results to birth order, B = 0.33
(95% CI: 0.06, 0.60), p = .02, ARgdj = 0.003; model improvement: ;(2 (1, N=1532) = 5.76, p = .02. In other words, every additional
older sibling is associated with a 1% increase in percent accuracy for the RMET. Our finding that those who have more older siblings
perform better on this mentalizing task appears to be robust, persisting even after controlling for several relevant demographic var-
iables. As with our simple regressions, our other siblinghood variables did not predict mentalizing ability after accounting for these
control variables (Table 2).

8. Exploratory analyses
We next conducted a series of exploratory analyses, which were not pre-registered. Given previously observed gender differences in

mentalizing, we explored the moderating role of gender for our main siblinghood predictors (sibling status, overall number of siblings,
number of older siblings, and number of younger siblings), with respect to RMET accuracy (Fig. 1). Distribution of RMET scores by

Table 3
Exploratory Hierarchical Regressions for Moderation by Gender.
Predictor B [95% CI] p Predictor B [95% CI] p
Step 1 Step 1
Age 0.08 <.001 Age 0.07 <.001
[0.05, 0.11] [0.04, 0.10]
Gender 0.99 .001 Gender 2.39 <.001
[0.38, 1.59] [1.46, 3.32]
Race 1.61 <.001 Race 1.60 <.001
[0.96, 2.25] [0.95, 2.25]
English 0.75 .03 English. 0.76 .02
[0.09, 1.41] [0.10, 1.42]
Step 2 Step 2
Sibling Status -1.64 .02 Num. Sibs. 0.55 .002
[— 3.00, — 0.29] [0.20, 0.91]
Step 3 Step 3
Gender x 2.07 .02 Gender x -0.70 .002
Sibling Status [0.34, 3.81] Num. Sibs. [-1.14, — 0.26]
Adj R? 0.08 |Adj R? 0.08
A Adj R? 0.003 AAdj R? 0.005
Predictor B [95% CI] P IPredictor B [95% CI] p
Step 1 Step 1
Age 0.07 <.001 Age 0.07 <.001
[0.04, 0.10] [0.04, 0.10]
Gender 1.81 <.001 Gender 1.55 <.001
[1.09, 2.54] [0.82, 2.28]
Race 1.64 <.001 Race 1.59 <.001
[1.00, 2.29] [0.94, 2.24]
English 0.69 .04 English 0.76 .03
[0.03, 1.35] [0.10, 1.42]
Step 2 IStep 2
Older. Sibs. 0.73 <.001 Younger. Sibs. 0.18 42
[0.31, 1.16] [-0.26, 0.63]
Step 3 IStep 3
Gender x -0.67 .02 Gender x -0.37 .19
Older Sibs [-1.22, — 0.13] Younger Sibs. [-0.93,0.19]
Adj R? 0.08 IAdj R? 0.07
A Adj R? 0.003 AAdj R? <.001

Note. Adjusted R reflects explained proportion of variance with all steps in the model. Change in adjusted R? reflects additional variance explained
from Step 2 to Step 3. English = English as first language. Num. Sibs. = overall number of siblings. Older Sibs. = number of older siblings. Younger Sibs.
= number of younger siblings.
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gender were somewhat similar, with women scoring about 1 more item correct than men on average, Men: M = 23.70, SD = 6.08,
range = 4-35; Women: M = 24.60, SD = 5.27, range = 5-36, t(1259.2) = —3.16, p = .002, d = 0.16 (95% CI: 0.06, 0.26).

In a multiple regression model that included gender, number of older siblings, the interaction term, and the demographic control
variables, gender moderated the effect of number of older siblings on mentalizing (Table 3). The addition of this interaction term also
improved the model, 2 (1, N = 1532) = 5.82, p = .02. Simple slope analyses, controlling for demographic variables, revealed that
men with more older siblings were more accurate mentalizers than those with fewer older siblings, B = 0.73 (95% CI: 0.31, 1.16),
p < .001. In contrast, the number of older siblings did not much influence mentalizing accuracy for women, B = 0.06 (95% CI: —0.28,
0.41), p = 0.72 (Fig. 1). For men, every additional older sibling is associated with a 2% increase in accuracy for the RMET, whereas for
women this is associated with only a 0.2% increase.

This pattern was somewhat consistently observed for the other siblinghood variables (Fig. 1). Even after controlling for de-
mographics variables, gender moderated the effect of sibling status and overall number of siblings (Table 3), and inclusion of the
interaction terms improved the models, Gender x Sibling Status: 2 (1, N = 1532) = 5.49, p = .02; Gender x Overall Number of
Siblings: 42 (1, N =1532) = 9.57, p = .002. For the Gender x Sibling Status model, men with siblings exhibited slightly better
mentalizing ability than men who are only children, with this difference falling just above threshold for statistical significance, With
Siblings: M = 23.6, SE = 0.3; Only Child: M = 22.0, SE = 0.6, t(1525) = 2.38, p = .08, d = 0.28 (95% CI: 0.05, 0.51). This effect was
substantially weaker for women, however, With Siblings: M = 24.6, SE = 0.2; Only Child: M = 25.1, SE = 0.5, t(1525) = —0.77,
p=.87,d =0.07 (95% CI: —0.11, 0.26). When examining moderation by gender for the overall number of siblings, having more
siblings was associated with mentalizing benefits for men but not for women, Men: B = 0.55 (95% CI: 0.20, 0.91), p = .002; Women: B
= —1.45 (95% CI: —0.41, 0.12), p = .28. We did not observe evidence of moderation by gender for number of younger siblings
(Table 3).

With Siblings
0.084
0.06 4
2 Gender
g I:' Male
© 0.04
o |:| Female
0.024
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36
RMET Score
Only Children
0.084
0.06 1
> Gender
2 .04 |:| Male
[0
&l |:| Female

0.024

0.001

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36
RMET Score

Fig. 2. Density Plots of RMET Scores by Sibling Status and Gender Note. Vertical lines indicate mean number of RMET items answered correctly
after controlling for demographic variables.
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Lastly, when comparing genders, women who are only children exhibited better mentalizing ability than men who are only
children, scoring on average 3 more items correctly, t(1525) = —3.68, p =.001, d = 0.52 (95% CI: 0.24, 0.79). There was a much
smaller mentalizing difference between men and women with siblings, however. In this case, women scored 1 more item correctly than
men on average, t(1525) = —3.20, p = .008, d = 0.17 (95% CI: 0.06, 0.27). This indicates that the much remarked upon advantage that
women have over men with respect to mentalizing is far more pronounced among those who are only children (Fig. 2).

9. Discussion

Our data show that mentalizing accuracy is shaped by various aspects of siblinghood, even for adults. Specifically, adults with more
older siblings possess more accurate mentalizing, replicating the effect seen in children for ToM (Leblanc et al., 2017; Paine et al.,
2018; Peterson, 2000). There was no other main effect for the other siblinghood variables. However, we did observe a unique
moderation by gender for the other aspects of siblinghood.

Gender moderated associations with mentalizing, with the strongest effect observed for number of older siblings and overall
number of siblings. In all cases, men with siblings tended to have better mentalizing (whether it was more older siblings, or more
siblings overall), but women with siblings exhibited no such advantage. This provides support for the idea that men may receive
greater social cognitive benefits from having siblings compared to women (Sang & Nelson, 2015). Although the number of older
siblings predicts mentalizing ability across our entire sample, our follow-up analyses demonstrate that it is more likely to be men,
rather than women, who benefit from having siblings. Lastly, we found that the advantage that women have in mentalizing over men is
far more pronounced among only children, relative to those with siblings.

What could explain this positive influence of siblings for adult mentalizing? Presumably, adults raised as only children and those
with siblings should both have experienced plenty of opportunities to develop their mentalizing abilities outside of the family (e.g.,
through friendships, dating, and work). One possible explanation lies in the consistent and potentially unique interactions one has with
a sibling, which qualitatively changes from childhood to adulthood. For example, siblings in childhood frequently engage in pretend
play, which is associated with using mental state language (e.g., talking about other people’s emotions; Howe et al., 2005). Another
example that is more relevant in adulthood is teaching among siblings, not only from older to younger siblings, but from younger to
older siblings (Howe et al., 2017), perhaps because both older and younger siblings have opportunities to teach each other as they
accrue domain expertise. Also, sibling conflict is a common mainstay of sibling relationships, with conflict more common between
siblings than in other relationships (Furman & Buhrmester, 1985). Learning to navigate sibling conflict, in both childhood and
adulthood, may help one anticipate and manage different viewpoints in other social relationships; this is something that only children
do not experience. Managing conflict as a younger sibling may be particularly necessary, as younger siblings may experience rejection
from older siblings more consistently than older siblings experiencing rejection from their younger sibling. An indirect reason for why
we may observe a sibling advantage for mentalizing among adults is that siblings may increase the size of one’s social network by
proxy, through their friends, romantic partners, coworkers, and so forth. Siblings might also strengthen ties to family, with adults who
have siblings tending to socialize more with relatives compared to only children (Trent & Spitze, 2011).

Lastly, it could well be that the childhood advantages in ToM afforded by siblings acts as a scaffold to better mentalizing in
adulthood: a kind of social cognitive “Matthew effect” (Stanovich, 2009). This means that children who gain accuracy in mentalizing
based on interactions with siblings early on as children, also accumulate more opportunities to socialize and practice these skills later,
compared to only children. Repeated exposure to these unique socializing experiences subsequently help to fine tune these
socio-cognitive mechanisms resulting in an upward spiral of better mentalizing (cf. much as with reading and verbal abilities; Mol &
Bus, 2011). In this way, “the rich get richer”, in terms of developing cognitive mechanisms that support social functioning, such as
improved perception of social cues through gazes (Freire et al., 2004).

Although we did not predict the observed moderation by gender in advance, the fact that men benefited more from the presence of
siblings is not so surprising in hindsight. Men typically have smaller social networks and are less close to their friends in adulthood,
whereas women socialize more frequently and consistently, and boast larger social networks (Aukett et al., 1988; McLaughlin et al.,
2010). Men’s friendships tend to involve engaging in shared activities, whereas women’s friendships tend to involve emotional sharing
and problem-solving (Aukett et al., 1988). Women are also expected, by most societies, to demonstrate greater social understanding
and empathy. All these factors might mean that women gain more practice at mentalizing, which means that the addition of siblings
has little influence on these already rather well-developed skills. Men, in contrast, may have more “room to grow” when it comes to
mentalizing. That said, we did not observe any evidence of a ceiling effect for women in our data.

Although women were better than men at mentalizing regardless of sibling status, the advantage women had over men was greater
among only children (~3 more items correct) than among those with siblings (~1 more item correct; Fig. 2). This indicates that the
vaunted advantage that women have over men with respect to social cognition is most true of only children, with this advantage much
less apparent among those with siblings. Future research that examines gender differences in social cognition should control for sibling
status or actively investigate it. Our sample size of only children was just large enough to test for gender differences (n = 216), and the
field would benefit from future confirmatory data.

It is worth noting some limitations of our study. These data are correlational, which typically means that causal inferences cannot
be supported. That said, in this case reverse causation is impossible: particularly empathetic children cannot motivate parents to
produce older siblings (perhaps only younger ones). Moreover, potential tertiary causal variables are difficult to imagine, in light of the
moderation observed. Factors such as social class (Dietze & Knowles, 2020; Kraus et al., 2010) and larger families, cannot explain why
this effect would emerge for men but not for women. Lastly, only true experiments can support causal inferences and it is not feasible
(ethically or practically) to randomly assign children to have siblings or remain an only child. Another limitation is that the archival
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nature of our dataset does not allow us to conduct a more granular examination of sibling characteristics, such as gender constellation
or age gap, and potential explanatory mediators, such as the frequency and quality of sibling interactions. Future research should
directly examine potential mediators that could explain why siblinghood can benefit mentalizing, such as sibling conflict management
or social network size, and why this may be particularly influential for men with siblings. As a final limitation, the effects observed
were small in magnitude, which is not surprising considering the wealth of influences on adult mentalizing. That said, our effects are of
the same magnitude as other well-known and notable predictors of adult social cognition (e.g., gender), and even small effects are
noteworthy when associated with important outcomes (Meyer et al., 2001) such as mental inference ability. Siblinghood variables also
predicted mentalizing above and beyond several relevant demographic variables (including gender), indicating that siblinghood
provides incremental prediction above known predictors and should be considered when studying social cognition. It is also worth
noting that our study employs a far larger sample size than is typically used for research on this topic and in social cognition in general.
Our observed effect sizes thus may be a more accurate and realistic estimation of the effect of environmental factors on social cognition
compared to past investigations.

In light of these results, the influence of siblings on adult social cognition would seem to be a promising topic for further research.
Future work should incorporate a wide range of social cognitive measures and sample diverse populations. In addition, the possibility
of a moderation by gender should also be investigated in child samples. Our own study relied on a single measure of mentalizing, that
some have critiqued as possibly measuring emotion recognition instead of pure mentalizing (Oakley et al., 2016; Quesque & Rossetti,
2020). Future work should include a diversity of tasks, including others with greater ecological validity than judgements based solely
on pictures of an individual’s eye-region (Keysar et al., 2003; Quesque & Rossetti, 2020). That said, given the world-wide increase in
mask-wearing and consequent reliance on eye-based cues due to COVID-19, the real-world validity of the RMET has likely, and un-
expectedly, increased in the current context (cf. Trainin & Yeshurun, 2021). Lastly, our sample was primarily composed of under-
graduate students, although more ethnically diverse than a typical undergraduate sample. This means that the relatively homogenous
and privileged nature of our sample may have led to an attenuated estimate of the influence of siblings. Subsequent research on this
topic should examine participants from diverse backgrounds, social statuses, and ages.

In closing, our study demonstrates that the siblinghood effect on social cognition extends beyond childhood and into adulthood,
and also varies depending on gender. Our statistically conservative approach, controlling for other relevant predictors, shows that this
effect is surprisingly robust. Growing up with a sibling, as opposed to being an only child, does not only matter for the social abilities of
children, but also matters for adults.
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