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In social contexts, people’s emotional expressions may disguise their true feelings but still be revealing about
the probable desires of their intended audience. This study investigates whether children can use emotional
expressions in social contexts to recover the desires of the person observing, rather than displaying the emo-
tion. Children (7.0–10.9 years, N = 211 across five experiments) saw a protagonist express one emotional
expression in front of her social partner, and a different expression behind her partner’s back. Although the
protagonist expressed contradictory emotions (and the partner expressed none), even 7-year-olds inferred both
the protagonist’s and social partner’s desires. These results suggest that children can recover not only the
desire of the person displaying emotion but also of the person observing it.

People sometimes go to great lengths to disguise
their true feelings. Defeated political candidates
offer gracious concessions to despised opponents,
nervous keynote speakers act calm and collected,
and polite recipients of a gift gush even when they
are disappointed. However, an often-overlooked
aspect of emotion regulation in social contexts is
that while masked emotional expressions can be
misleading about the true mental states of the per-
son expressing the emotion, they may be revealing
about what the person thinks about the probable
mental states of her intended audience. When for
instance, someone congratulates a friend in public
but fumes in private, we might infer not only that
this person’s true feelings about the event are nega-
tive but also that her friend’s feelings are positive.
Thus, an astute observer who sees someone’s emo-
tional expressions in both social and nonsocial con-
texts might be able to recover not only the
individual’s true feelings, but also the probable
desires of the person she is addressing.

This kind of inference is nontrivial: it requires
tracking someone’s emotional expressions across
contexts, figuring out the reason for her changing

her emotional expressions, and inferring the likely
mental state of a conversational partner whose
expressions may not be observed at all. However,
as children progress into middle childhood, this
kind of sophisticated emotion understanding may
be especially important. Studies suggest that chil-
dren’s theory of mind overall, and their ability to
understand emotion in particular, is correlated with
the quality of peer relationships in early elementary
school (Caputi, Lecce, Pagnin, & Banerjee, 2012;
Cassidy, Parke, Butkovsky, & Braungart, 1992; Den-
ham, McKinley, Couchoud, & Holt, 1990; Izard
et al., 2001; Mostow, Izard, Fine, & Trentacosta,
2002); in light of this, influential interventions (e.g.,
the PATHS curriculum) have been designed to tar-
get emotion understanding in 7- to 9-year-olds
(Greenberg, Kusche, Cook, & Quamma, 1995).

Critically, however, this kind of inference is the
inverse of the kind of reasoning that has been the
focus of most work on theory of mind. The vast
majority of studies have investigated not children’s
ability to infer others’ beliefs and desires given their
emotional expressions and the context, but rather
children’s ability to predict others’ actions and emo-
tional reactions from knowledge of their beliefs and
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desires (see Wellman, 2014, for review). For
instance, we know that toddlers (Stein & Levine,
1989; Wellman & Woolley, 1990) and even infants
(Skerry & Spelke, 2014) expect agents to be happy
when they get what they want, and sad if they do
not. Four- and 5-year-olds predict that someone
will be surprised if her expectations are violated,
and happy if she falsely believes her actions will
achieve a goal (Hadwin & Perner, 1991; MacLaren
& Olson, 1993; Ruffman & Keenan, 1996; Wellman
& Banerjee, 1991).

However, because beliefs and desires are intrinsi-
cally hidden, the challenge is often not to predict
how someone will feel given an understanding of
their other mental states but to use the emotions she
expresses to recover what she most likely thinks and
wants. The few studies that have focused on these
inverse inferences suggest that toddlers can use posi-
tively or negatively valenced expressions to infer
others’ preferences (Repacholi & Gopnik, 1997; Well-
man, Phillips, & Rodriguez, 2000) and that
preschoolers can connect others’ emotions to familiar
eliciting causes (e.g., explaining that someone is
scared because she saw a ghost, or surprised if she
saw something unexpected; Rieffe, Terwogt, &
Cowan, 2005; Wellman & Banerjee, 1991). By five,
children can go beyond canonical relations between
emotions and events, to infer false beliefs about
novel events from a change of valence in someone’s
emotional expressions before and after she knows
the outcome of an event (Wu & Schulz, 2018). Chil-
dren can also use someone’s emotional expression to
recover her knowledge and predict her subsequent
behavior in classic Sally-Anne Tasks (Wu, Haque, &
Schulz, 2018). For instance, if children are not told
whether Sally saw Anne move her toy or not but are
shown Sally’s emotional expression when she
returns, they can infer from the valence of the expres-
sion whether Sally saw the transfer and thus where
she will look (i.e., if Sally looks angry, children infer
that Sally saw Anne move her toy and thus will look
for the toy in the new location). However, the extent
to which children can use emotional expressions to
recover otherwise unknown information about
others’mental states remains unclear.

Moreover, the previous work has focused on
emotions expressed by an individual reacting to an
event on her own. However, emotions are fre-
quently expressed in interpersonal contexts and
serve communicative goals (see Shariff & Tracy,
2011 for review). Because a wide range of display
rules govern how we ought to express our emo-
tions in front of others, understanding others’ emo-
tional expressions in social contexts may be a

particularly challenging task. Consistent with this,
studies suggest that children’s understanding of
social display rules undergoes substantial develop-
ment between early and middle childhood (Baner-
jee, 1997; Banerjee & Yuill, 1999; Broomfield,
Robinson, & Robinson, 2002; Gnepp & Hess, 1986;
Heyman, Sweet, & Lee, 2009; Naito & Seki, 2009;
Pons, Harris, & de Rosnay, 2004; Popliger, Talwar,
& Crossman, 2011; Warneken & Orlins, 2015; Xu,
Bao, Fu, Talwar, & Lee, 2010).

Thus, although preschoolers recognize that peo-
ple may sometimes express feelings that they do
not actually have (e.g., happiness on receiving a
disappointing gift; Banerjee, 1997; Misailidi, 2006),
4- to 6-year-olds, unlike older children, frequently
fail to predict that people will mask their true feel-
ings, even when honest responses could hurt
others’ feelings (Broomfield et al., 2002). Between
four and ten, children become increasingly likely to
judge that white lies are permissible (Heyman
et al., 2009), to tell white lies themselves (Fu & Lee,
2007; Xu et al., 2010), and to consider the conditions
under which lying is most appropriate. For
instance, 7-year-olds, but not 5-year-olds, will selec-
tively tell an artist that her bad drawing is a good
one if the artist looks sad but not if her expression
is neutral (Warneken & Orlins, 2015). With develop-
ment, children also become increasingly likely to
explain their adherence to social display rules by
referring to embedded perspectives (e.g., explaining
that a child will pretend to like the gift “so the
uncle doesn’t feel sad . . .”). Consistent with this,
success on social display tasks is related to second-
order theory of mind in 8-year-olds but not
younger children (Naito & Seki, 2009).

The interpretation of the developmental findings
is slightly complicated by the fact that studies
involving the youngest children (preschoolers) typi-
cally provide very rich contextual information (Ban-
erjee, 1997; Gross & Harris, 1988; Harris, Donnelly,
Guz, & Pitt-Watson, 1986; Josephs, 1994; Misailidi,
2006; Naito & Seki, 2009; Wellman & Liu, 2004).
For example, in Banerjee’s (1997) study, children
between ages three and five were read stories
including an eliciting event (e.g., “Michelle is sleep-
ing over at her cousin’s house but she forgot her
favorite teddy bear at home”), an agent’s mental
state (i.e., “Michelle is really sad that she forgot her
teddy bear”), the agent’s intention to hide her true
feeling (i.e., “Michelle doesn’t want her cousin to
see how sad she is”), and a reason for hiding that
feeling (i.e., “because her cousin will call her a
baby”). Children were then asked about what the
agent really feels and what expression she will
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display on her face. In such contexts, even 3-year-
olds successfully identify both the real emotion and
the facial expression she will exhibit but their suc-
cess may depend heavily on the detailed contextual
information available in the stories.

Studies using less informative contexts have
found that an understanding of social display rules
emerges much later (Broomfield et al., 2002; Gnepp
& Hess, 1986; Jones, Abbey, & Cumberland, 1998).
For instance, Gnepp and Hess (1986) provided chil-
dren between ages 6 and 15 years old with an elic-
iting event and an agent’s mental state but did not
explicitly mention the agent’s intention to hide her
feelings nor any reason for her doing so. Nearly
half of the children between ages 6 and 8 years
failed to use verbal display rules. Even the oldest
age group (who were 15 years old and successfully
predicted the use of verbal display rules) frequently
failed to predict that the agents would try to regu-
late their facial expressions. However, with less
information in the stories, there is more uncertainty
about whether the protagonist intended to be polite
or not; given this uncertainty, children may have
preferred to report the emotional expression that
directly mapped onto the protagonist’s true mental
state. Thus, there remains some ambiguity about
what children understand, and when, about social
display rules. Rich detailed scenarios may overesti-
mate children’s ability, whereas ambiguous scenar-
ios may be open to interpretations that do not
involve social display rules at all.

Here we focus on 7- to 10-year-olds, influenced
by the fact that the majority of work suggests that
children are sensitive to social display rules by mid-
dle childhood. In particular, researchers (Pons et al.,
2004) have proposed that emotion understanding
can be categorized into three developmental peri-
ods. Initially, children understand the external
aspects of emotion, including emotional expressions
and their probable situational and external eliciting
causes (e.g., Bullock & Russell, 1985; Widen & Rus-
sell, 2008; Wu, Muentener, & Schulz, 2017). Then
children understand the mental aspects of emotion,
including the roles of desires and beliefs (e.g.,
Lagattuta, Wellman, & Flavell, 1997; Wellman &
Banerjee, 1991; Wu et al., 2018; Wu & Schulz, 2018)
and the discrepancy between expressed and felt
emotions (e.g., Broomfield et al., 2002; Harris et al.,
1986). Finally, children understand the role of reflec-
tion and appraisal, recognizing for instance, that peo-
ple can experience mixed feelings (Donaldson &
Westerman, 1986; Harter & Buddin, 1987), that
reappraisal is a strategy for emotion regulation (Alt-
shuler & Rubble, 1989; Band & Weisz, 1988), and

that others’ emotions may be affected by rumina-
tion and moral transgressions (e.g., Krettenauer,
Malti, & Sokol, 2008; Nunner-Winkler & Sodian,
1988). Our focus on middle childhood corresponds
to children in the second period of this proposed
hierarchy of emotion understanding (Pons et al.,
2004): an age when children distinguish authentic
and expressed emotions, and may be able to recog-
nize that emotions generated for the benefit of an
intended audience can be used to infer the audi-
ence’s desires.

We investigate children’s ability to use one per-
son’s expressions to infer the desires of another by
introducing children to simple stories in which one
of two teams wins a game (see Figure 1). An obser-
ver of the game (henceforth the Protagonist) dis-
plays one of two emotional reactions (happy or
sad) in front of a social partner, and the contrasting
emotional expression (sad or happy) behind the
social partner’s back. We ask children both what
the protagonist wants and what the social partner
wants. Because many studies suggest that 7-year-olds
can distinguish real and apparent emotion, our pri-
mary interest throughout is in children’s ability to
recover the desires of the social partner (whose
emotional expressions are never shown). Critically,
the protagonist displays two contradictory emotions
across the social and nonsocial contexts, and the
social partner never displays any emotion at all. To
succeed at our task, children need to understand
that the desires of the social partner will dictate
how the protagonist regulates her emotional expres-
sion in the social context. As noted, this kind of
inference might be especially valuable in under-
standing rich, interpersonal interactions. In
Experiment 1, we test 7- to 10-year-olds. In Experi-
ment 2, we reduce the task demands and focus
only on 7- and 8-year-olds because as reviewed
above, much of the prior work on children’s under-
standing of social display rules suggests that chil-
dren should be capable of these inferences as early
as seven. Experiments 3–5 replicate key findings of
Experiment 2 and rule out alternative explanations
of our data.

Experiment 1

Method

Participants

All children in this and the following experi-
ments were recruited from the Boston Children’s
Museum between January and November 2017 in
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the United States. While most of the children were
white and middle class, a range of ethnicities and
socioeconomic backgrounds reflecting the diversity
of the local population (47% European American,
24% African American, 9% Asian, 17% Latino, 4%
two or more races) and the museum population
(29% of museum attendees receive free or dis-
counted admission) were represented. The Institu-
tional Review Board of MIT approved the research.
Parents provided informed consent, and children
received stickers for their participation.

In this experiment, 92 children between ages 7
and 10 (M = 8.9 years; range = 7.0–10.9; 50 girls)
were tested. There were twenty-six 7-year-olds
(M = 7.4 years; range: 7.0–7.9; 10 girls), twenty 8-
year-olds (M = 8.4 years; range: 8.0–8.9; 14 girls),
twenty-four 9-year-olds (M = 9.5 years; range: 9.0–
9.9; 13 girls), and twenty-two 10-year-olds
(M = 10.5 years; range: 10.0–10.9; 13 girls).

Materials

Each child saw two illustrated stories. Different
agents and games were used in each storybook
(Tom, Brian, and basketball in one story and Sally,

Diana, and volleyball in the other). One story pre-
sented the Happy–Sad condition (i.e., [Tom/Sally]
was happy in front of [Brian/Diana] but sad behind
[Brian/Diana]’s back) and the other presented the
Sad–Happy condition (i.e., [Tom/Sally] was sad in
front of [Brian/Diana] but happy behind [Brian/
Diana]’s back; e.g., Figure 1a). The particular story
(i.e., basketball or volleyball) used in each condition
(i.e., Happy–Sad or Sad–Happy), and the order of
the two conditions were counterbalanced across
participants. The facial expressions were from
iStock photos (http://www.istockphoto.com/).

Procedure

Children were tested individually; all sessions
were videotaped. Children were asked check ques-
tions to encourage them to follow along. Incorrect
responses were corrected throughout. Children had
little difficulty with the check questions; collapsing
data from all five experiments in the study, chil-
dren’s accuracies on the four check questions were
0.92, 0.95, 0.98, and 0.99, respectively. Check ques-
tions were used only to maintain children’s atten-
tion and were not used as inclusion criteria. Each

(a) Exp 1

Game
Results

(b) Exps 2 to 5

Nonsocial
Context

Social
Context

Game
Results

Nonsocial
Context

Social
Context

Figure 1. Example materials. (a) In Exp 1, one of two teams won a game. A protagonist showed one emotional expression in front of a
social partner (social context), and a different expression behind the social partner’s back (nonsocial context). (b) In Exps 2–5, the order
of the social and nonsocial contexts was reversed. [Color figure can be viewed at wileyonlinelibrary.com]
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story was read consecutively, as follows (using the
basketball game story as an example).

The experimenter placed the first picture on the
table and said, “There is a basketball game today.
It’s the Tiger team against the Lion team.” She
introduced the next picture and said, “This is Tom.
Tom is a basketball fan. He loves watching basket-
ball games. He goes to watch the game. He is
either a fan of the Tiger team, or the Lion team,
but we don’t know which one.” Children were
asked (Check Question 1): “Do we know which
team Tom is a fan of?” The experimenter intro-
duced the third picture and said, “This is Brian.
Brian was Tom’s friend when they were little, but
now they don’t get to see each other very much.
Brian became a basketball player. He plays in the
game. He either plays for the Tiger team or the
Lion team, but we don’t know which one.“ Chil-
dren were asked (Check Question 2): “Do we
know which team Brian plays for?” The experi-
menter introduced the fourth picture and said,
“The results of the game were that the Tiger team
won, and the Lion team lost” (see Figure 1a for
this and the next two pictures). Then the experi-
menter introduced the fifth picture and said, “After
the game, Brian ran back to the locker room. Tom
was passing by and saw Brian. It was a very noisy
and crowded room and they didn’t have a chance
to talk. However, in front of Brian, when Tom
came passing by, Tom made a face like this.“ Chil-
dren were asked (Check Question 3): “Did Tom
look happy or sad?” The experimenter introduced
the sixth picture and said, “However, behind
Brian’s back, as soon as Brian passed by and
couldn’t see Tom, Tom made another face.” Chil-
dren were asked (Check Question 4): “Did Tom
look happy or sad?” To match the contexts on sur-
face details, both characters were present in both
the social and nonsocial contexts; the difference
was only that in the social context, they were fac-
ing each other, and in the nonsocial context, they
were facing away from each other.

Finally, the experimenter asked two test ques-
tions. The first question was about the protagonist
(Protagonist Question): “Now I am going to ask
you some questions. In front of Brian, Tom looked
[happy/sad] but behind Brian’s back, Tom looked
[sad/happy]. Do you think Tom is a fan of the
Tiger team or the Lion team?” The experimenter
then asked the other test question (Social Partner
Question): “Does Brian play for the Tiger team or
the Lion team?” We asked about the team affilia-
tion (rather than the direct question: “Who did
Tom/Brian want to win?”) because it required

children to reason about the character’s desires
but seemed more natural in this context than ask-
ing children to invoke a character’s desire for a
counterfactual event. The experimenter coded chil-
dren’s responses to the two test questions offline
from videotapes. All these responses were re-
coded by an independent coder blind to condi-
tions; there was 99% agreement on children’s
responses.

Results and Discussion

We scored children’s responses separately for the
protagonist and the social partner. Children
received one point for answering a question cor-
rectly and none for answering it incorrectly. Chil-
dren’s scores were then averaged across the two
stories. We compared children’s scores (range: 0–1)
to chance level performance (0.5) using Exact Wil-
coxon–Pratt Signed-Rank Test. Overall, children
successfully recovered both the protagonist’s desire
(M = .65, SD = .40, z = 3.35, p = .001) and the social
partner’s desire (M = .70, SD = .37, z = 4.50,
p < .001). Using Ordinal Logistic Regression and
taking age as a continuous variable, we found sig-
nificant age effects on both children’s abilities to
recover the protagonist’s desire (b = 0.38, SE = 0.17,
z = 2.25, p = 0.024) and the social partner’s desire
(b = 0.35, SE = 0.17, z = 2.08, p = .038; see Figure 2).

As noted, we treated age as a continuous vari-
able. However, given the significant age effects, we
did a post hoc, exploratory analysis by age bin (see
Figure 2) to enable comparisons with previous liter-
ature, which has largely treated age groups categor-
ically. Seven-year-olds (n = 26) and 8-year-olds
(n = 20) failed to perform above chance on either
question (7-year-olds: protagonist, M = .54,
SD = .40, z = 0.50, p = .804; social partner, M = .62,
SD = .33, z = 1.73, p = .146; 8-year-olds: protago-
nist, M = .60, SD = .42, z = 1.07, p = .424; social
partner, M = .65, SD = .40, z = 1.60, p = .180).
Nine-year-olds (n = 24) performed above chance on
the social partner question (M = .71, SD = .41,
z = 2.24, p = .041), but not on the protagonist ques-
tion (M = .67, SD = .43, z = 1.79, p = .115). Ten-
year-olds (n = 22) performed above chance on both
(protagonist: M = .80, SD = .30, z = 3.36, p < .001;
social partner: M = .82, SD = .33, z = 3.30,
p = .001).

As noted, many previous studies suggest that by
seven and eight, children can predict an agent’s real
and apparent emotions given relatively rich contex-
tual information (Banerjee, 1997; Broomfield et al.,
2002; Gnepp & Hess, 1986; Gross & Harris, 1988;
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Harris et al., 1986; Jones et al., 1998; Josephs, 1994;
Misailidi, 2006; Naito & Seki, 2009; Wellman & Liu,
2004). They can also represent second-order mental
state information (Perner & Wimmer, 1985; Sulli-
van, Zaitchik, & Tager-Flusberg, 1994), which sup-
ports the understanding of social display rules
(Banerjee & Yuill, 1999; Naito & Seki, 2009). Thus,
it is possible that younger children’s difficulties
here were due to task demands. In particular, chil-
dren may have tripped up by the fact that the order
of presentation was fixed: the social context always
preceded the nonsocial context, thus the first
expression children saw was a masked emotional
expression. Only when children saw the second
expression, did they have sufficient information to
realize that the first expression may have reflected
only the feelings of the social partner, rather than
the protagonist’s true feelings.

In the next experiment, we reduce these task
demands by flipping the order of the social and
nonsocial contexts. Here, children first see the
agent’s emotional expression in the nonsocial con-
text and then the contrasting valence in the social
context. This order does not require children to re-
interpret the first emotional expression; addition-
ally, the first expression may provide a basis for
children to understand the expression displayed in
the social context. Because the prior literature sug-
gests that children integrate emotion understanding
and mental state understanding as early as seven;
e.g., Pons et al., 2004 for review), and because we
expect this manipulation to reduce task demands
and improve children’s performance, we focus on
the younger half of the age range tested in

Experiment 1 to see if 7- and 8-year-olds can suc-
ceed at our task.

Experiment 2

Method

Participants

We determined the sample size of this and all
the following experiments with a power analysis.
We used a software called G*Power (Faul, Erdfelder,
Lang, & Buchner, 2007) to run the analysis based
on the Wilcoxon signed-rank test (one sample case).
To be conservative, we calculated the effect sizes of
10-year-olds in Experiment 1 (protagonist: d = 1.00;
social partner: d = 0.97), and used the smaller effect
size (d = 0.97) for the power analysis. Setting
a = .05, we found that a sample size of n = 17 per
age group sufficed to detect this effect with .95
power. Thus, we recruited children between ages 7
and 8 (M = 7.9 years; range: 7.0–8.8; 23 girls) from
the Boston Children’s Museum with 17 children in
each age bin (7-year-olds: M = 7.5 years, range: 7.0–
7.9, 9 girls; 8-year-olds: M = 8.3 years, range: 8.0–
8.8, 14 girls).

Materials, Procedure and Coding

The materials, procedure and coding were identi-
cal to Experiment 1 except that we flipped the
order of the social and nonsocial contexts (see Fig-
ure 1b). Specifically, instead of first showing Tom’s
emotional expression in front of Brian, the
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Figure 2. Results. The top row presents children’s performance as a function of age (dots are jittered to avoid overlapping), and the bot-
tom row presents children’s performance averaged by age group. Error bars indicate 95% confidence intervals. [Color figure can be
viewed at wileyonlinelibrary.com]
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experimenter presented Tom’s expression behind
Brian’s back, and said: “After the game, Tom made
a face like this. At this moment, Brian was nearby
but Tom didn’t see him.” Children were asked a
check question: “Did Tom look happy or sad?” The
experimenter then introduced the next picture and
said, “However, Tom turned around and saw
Brian. Tom made another face.” Children were
asked another check question: “Did Tom look
happy or sad?” Children’s responses were coded
the same way as Experiment 1. Intercoder agree-
ment was 99%.

Results and Discussion

We used the same analyses as in Experiment 1.
Overall, 7- and 8-year-olds recovered both the pro-
tagonist’s desire (M = .79, SD = .35, z = 3.78,
p < .001) and the social partner’s desire (M = .85,
SD = .29, z = 4.54, p < .001). There was no effect of
age (protagonist: b = 0.41, SE = 0.73, z = 0.55,
p = .580; social partner: b = 0.33, SE = 0.79,
z = 0.43, p = .671). Planned analyses revealed that
both 7- and 8-year-olds succeeded at both questions
(7-year-olds: protagonist, M = .79, SD = .36,
z = 2.67, p = .013; social partner, M = .82, SD = .35,
z = 2.84, p = .007; 8-year-olds: protagonist, M = .79,
SD = .36, z = 2.67, p = .013; social partner, M = .88,
SD = .22, z = 3.61, p < .001; see Figure 2).

These results suggest that by age seven, chil-
dren can use changing emotional expressions
between social and nonsocial contexts to recover
the desires of both participants in a social
exchange. However, because the protagonist and
the social partner questions were always asked in
a fixed order, and the protagonist and the social
partner were on different teams, children’s success
on the first question (i.e., the protagonist question)
was arguably more convincing than their success
on the second question (i.e., the social partner
question). Once children inferred which team the
protagonist wanted to win, they may have simply
assumed that the social partner wanted the other
team to win without referring to the protagonist’s
emotional expression in the social context. To rule
out this possibility, in the next experiment, we
replicate the design of Experiment 2 but ask only
about the social partner. If children’s prior success
on the social partner question relied on their
answer to the protagonist question, they are likely
to fail when asked only about the social partner.
However, if their success involved an understand-
ing of social display rules, they should succeed
again here.

Experiment 3

Method

Participants

As in Experiment 2, 34 children (M = 8.0 years;
range: 7.0–8.9; 18 girls) were recruited from the
Boston Children’s Museum. Seventeen of them
were 7-year-olds (M = 7.5 years; range: 7.0–7.9; 10
girls). The remaining 17 children were 8-year-olds
(M = 8.4 years; range: 8.0–8.9; 8 girls).

Materials, Procedure and Coding

The materials, procedure, and coding were iden-
tical to Experiment 2 except that only the social
partner question was asked. We coded children’s
responses the same way as the proceeding experi-
ments; intercoder agreement was 99%.

Results and Discussion

We used the same analyses as the proceeding
experiments. Again, 7- and 8-year-olds recovered
the social partner’s desire (M = .81, SD = .30,
z = 4.20, p < .001). There was no effect of age
(b = 0.41, SE = 0.68, z = 0.61, p = .542). Planned
analyses showed that both 7- and 8-year-olds suc-
ceeded at the social partner question (7-year-olds:
M = .79, SD = .31, z = 2.89, p = .006; 8-year-olds:
M = .82, SD = .30, z = 3.05, p = .003; see Figure 2).

This experiment replicated Experiment 2 in sug-
gesting that 7- and 8-year-olds can use someone’s
changing emotional expressions between social and
nonsocial contexts to recover the desire of her social
partner. These results at least partially rule out the
possibility that children’s success in the social part-
ner question in Experiment 2 was due to their ten-
dency to flip their answer to the protagonist
question. However, even though the protagonist
question was not asked, children may have inferred
the desire of the protagonist and (given the change
in valence in the protagonist’s emotional expres-
sions) simply concluded that the social partner had
the opposing desire. In Experiment 4, we investigate
this possibility by making the change of valence
irrelevant to the inference. Experiment 4 is identical
to Experiment 3 except that the protagonist is not a
fan of either team; in the nonsocial context, she
expresses an emotional response to an unrelated
event (i.e., getting a new book or losing a favorite
book). In this case, children can no longer infer the
desire of the social partner by inferring the desire of
the protagonist. If children still succeed, it provides
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stronger evidence that children can selectively use
someone’s emotional expression in a social context
to recover the desire of her intended audience.

Experiment 4

Method

Participants

As in Experiments 2 and 3, 34 children (M =
7.9 years; range: 7.0–8.9; 11 girls) were recruited
from the Boston Children’s Museum. Seventeen of
them were 7-year-olds (M = 7.5 years; range: 7.0–7.9;
5 girls). The remaining 17 children were 8-year-olds
(M = 8.4 years; range: 8.0–8.9; 6 girls).

Materials, Procedure, and Coding

Experiment 4 was identical to Experiment 3
except as follows. When the experimenter intro-
duced the protagonist, she did not say that he was
a sports fan. Instead she said: “This is Tom. Today
Tom got a new book he expected for a long time”
or “This is Tom. Tom lost his favorite book today.”
Tom’s facial expression was happy or sad, respec-
tively. The experimenter asked a check question:
“Did he look happy or sad?”

Minor changes were made in the description of
the last three pictures as well. When the experimenter
introduced the results of the game, she said: “The
results of the game were that the Tiger team won and
the Lion team lost.” She also emphasized: “Everyone
knew the results” to tell the child that Tom knew the
results even though he did not go to watch the game.
The experimenter then placed the next picture on the
table and said: “After the game, Tom was still
[happy/sad] about his [new/lost] book. At this
moment, Brian was nearby but Tom did not see
him.” She placed the final picture on the table and
said: “Then Tom turned around and saw Brian. Tom
made a different face.” The experimenter asked
another check question: “Did he look happy or sad?”
The materials, procedure and coding were otherwise
the same as Experiment 3. We coded children’s
responses the same way as the proceeding experi-
ments; intercoder agreement was 99%.

Results and Discussion

We used the same analyses as the proceeding
experiments. Children again successfully recovered
the social partner’s desire (M = .78, SD = .28,
z = 4.15, p < .001) and there was no effect of age

(b = 0.75, SE = 0.62, z = 1.21, p = .228). Planned
analyses revealed that children in both age groups
succeeded at the task (7-year-olds: M = .74,
SD = .31, z = 2.53, p = .021; 8-year-olds: M = .82,
SD = .25, z = 3.32, p < .001; see Figure 2).

Thus, together with Experiment 3, Experiment 4
provides converging evidence that children’s suc-
cess in the social partner question cannot be
explained by their tendency to choose the desire
contrasting with that of the protagonist. Even when
the desire of the protagonist was not explicitly ref-
erenced (Experiment 3), and when the protagonist’s
affiliation with the teams was unknown (Experi-
ment 4), children selectively used the protagonist’s
emotional expression in the social context to infer
the desire of her social partner.

In the next experiment, we investigate a different
heuristic that children might have used to pass the
social partner question: they might have simply
assumed that the social partner had the same expres-
sion as the protagonist when they were facing each
other without making any mental state inferences
about social display rules. To rule out this possibility,
in Experiment 5, we made the protagonist’s emotional
expressions in both the social and nonsocial contexts
irrelevant to the story. Specifically, in the Happy–Sad
condition, children were told that the protagonist was
happy about her new book in the nonsocial context
and sad in front of her social partner because her new
book fell into a puddle and got all muddy; in the
Sad–Happy condition, the protagonist was sad about
her lost book in the nonsocial context but happy in
front of her social partner because she found the lost
book. If children simply used a face-matching heuris-
tic in the face-to-face context to pass the social partner
question, they should perform similarly here. How-
ever, if children’s successes in Experiments 2–4 were
based on mental state inferences about social display
rules, then children should perform at chance in
Experiment 5 where the expressions are not governed
by those rules. Because the concern about using a sim-
ple face-matching heuristic presumably applies more
to younger children than older ones, we focused only
on 7-year-olds in Experiment 5.

Experiment 5

Method

Participants

Seventeen 7-year-olds (M = 7.6 years; range: 7.1–
7.9; 11 girls) were recruited from the Boston Chil-
dren’s Museum.
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Materials, Procedure, and Coding

The materials, procedure and coding were the
same as Experiment 4 with one exception. In the
Happy–Sad condition, when the experimenter intro-
duced the last picture, she said: “Then Tom turned
around and saw Brian. At the same moment, Tom’s
new book fell into a puddle and got all muddy!” In
the Sad–Happy condition, she said: “Then Tom
turned around and saw Brian. At the same
moment, Tom saw his book sitting right there on
the bench. So his book wasn’t lost at all!” The
experimenter then asked a check question: “Did he
look happy or sad?” We coded children’s responses
the same way as the proceeding experiments; inter-
coder agreement was 100%.

Results and Discussion

We found that when the protagonist was
responding to an unrelated event in the social con-
text, 7-year-olds did not use the protagonist’s emo-
tional expression to infer the desire of the social
partner and performed at chance (M = .59,
SD = .26, z = 1.34, p = .375). There was no effect of
age (b = 1.12, SE = 1.98, z = 0.56, p = .573; see Fig-
ure 2). This suggests that children’s ability to
recover the desire of the social partner in Experi-
ments 2–4 was not simply due to matching the pro-
tagonist’s expression to the social partner’s when
they were facing each other. Since children did not
just assume the protagonist’s expression matched
the social partner’s in a face-to-face context but the
protagonist was responding to an unrelated event,
it is unlikely that children’s ability to recover the
desire of the social partner in Experiments 2–4 was
due to a simple heuristic rather than the (behav-
iorally equivalent but inferentially richer) under-
standing that the protagonist was displaying the
emotion congruent with her social partner’s desires.

General Discussion

In five experiments, we found that children were
able to use the information embedded in social dis-
play rules to recover others’ otherwise under
-determined mental states. In Experiment 1, chil-
dren saw an emotional expression when a protago-
nist was in front of a social partner (Social
Context), and then a different expression when the
protagonist was behind the social partner’s back
(Nonsocial Context). Children between ages seven
and ten were increasingly able to infer both the

protagonist’s and social partner’s desires. This is
striking, especially since the protagonist displayed
two contradictory emotional expressions and the
social partner’s expressions were never observed at
all. However, because children could not know that
the initial expression was regulated until they saw
the contrasting emotional expression in the nonso-
cial context, the task might have been especially
demanding for younger children. In Experiment 2
we reduced the processing demands by flipping the
order of the social and nonsocial contexts and
found that even 7- and 8-year-olds succeeded.
Experiments 3 and 4 replicated key findings of
Experiment 2 as well as ruling out the possibility
that children may have passed the social partner
question simply by flipping their answers to the
protagonist question. Finally, Experiment 5 ruled
out an additional heuristic: the possibility that chil-
dren assumed that the social partner mirrored the
protagonist’s expression when they were facing
each other. However, as predicted, when the pro-
tagonist’s emotional expression was not influenced
by social display rules, 7-year-olds did not use the
protagonist’s emotional expressions to reason about
the desire of the social partner. Taken together,
these results suggest that children can use their
knowledge of social display rules and emotional
expressions to infer not only the desire of the per-
son expressing the emotions, but also that of the
person perceiving the expression.

Our study builds on many previous studies that
have looked at children’s ability to predict an
agent’s real and apparent emotions in the context
of social display rules. As noted, some of these
studies provided rich contextual information (e.g.,
the agent’s desires, true feelings, her intentions, and
a motivation to hide her true feelings) which may
have overestimated children’s abilities (Banerjee,
1997; Gross & Harris, 1988; Harris et al., 1986;
Josephs, 1994; Misailidi, 2006; Naito & Seki, 2009;
Wellman & Liu, 2004). Other studies used less
detailed scenarios but those scenarios are open to
interpretations that do not involve social display
rules at all (Broomfield et al., 2002; Gnepp & Hess,
1986; Jones et al., 1998). Our study overcomes these
limitations by creating a scenario that was neither
rich and detailed nor ambiguous: 7-year-olds were
able to infer the desires of a protagonist’s social
partner merely by knowing that the protagonist’s
expressions changed between a social and nonsocial
context.

Developmentally, our findings are broadly
consistent with accounts proposing that 7- and 8-
year-olds integrate mental state understanding and
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emotion understanding (Pons et al., 2004). The cur-
rent results are also in line with a small set of stud-
ies looking at children’s ability to make inverse
inference from observed emotional cues to unob-
servable mental states. Those studies have found
that children can use someone’s emotional expres-
sion to recover what the person herself wants and
believes (e.g., Repacholi & Gopnik, 1997; Wellman
et al., 2000; Wu et al., 2018; Wu & Schulz, 2018).
However, the current findings go beyond previous
work in showing that children can use someone’s
emotional expression and their understanding of
display rules to recover what another person wants.
To our knowledge, this is the first evidence show-
ing that children are able to use one person’s emo-
tional expression to recover the mental states of
another. This suggests that emotional expressions
provide a valuable entr�ee into others’ minds, and
our findings provide novel insights into the extent
to which children can recover rich information from
observed emotional cues.

Although there has been debate on the extent to
which reasoning about prosocial display rules
requires second-order mental state representation
(Banerjee & Yuill, 1999; Naito & Seki, 2009), the
debate pertains largely to contexts in which chil-
dren might understand the social-display rule
because the intended audience’s desires are well-
established (e.g., as in gift giving scenarios where
the giver presumably wants the receiver to like the
present). In our task by contrast, the social partner’s
beliefs, desires, and emotions were unknown
throughout. To recover information about the social
partner, children had to use the protagonist’s emo-
tional expressions to gain insight into the mind of
her audience. We believe that this kind of inference
does require recursive mental state reasoning. The
current results suggest that the ability to make
these inferences is present by middle childhood,
consistent with other work on children’s ability to
entertain second-order beliefs like “John thinks that
Mary thinks . . .” (see Grueneisen, Wyman, &
Tomasello, 2015; Perner & Wimmer, 1985; Talwar,
Gordon, & Lee, 2007; though see Sullivan et al.,
1994 for even earlier success on simplified tasks).

Critically, however, the inferential route children
had to go may be distinct from the explicit infer-
ences the children entertained. Because children
have neither direct nor indirect access to the social
partner’s mental states, they can only proceed by
considering the protagonist’s reaction to the social
partner. Nonetheless, children might have explicitly
represented only the social partner’s desires (e.g.,
that Brian wanted the Lions to win) or they might

have represented the protagonist’s beliefs about the
social partner’s desires (e.g., that Tom thought
Brian wanted the Lions to win). By seven and eight,
children are capable of coordinating multiple per-
spectives and handling embedded complements
(e.g., de Villiers & Pyers, 2002; Naito & Seki, 2009;
Pons et al., 2004), so it is possible that children
explicitly entertained second-order beliefs (e.g.,
Tom thinks that Brian wants . . .). However,
because both representations will lead to the correct
conclusion (e.g., that Brian supports the Lions) we
cannot distinguish the direct from embedded infer-
ence in this study so we conservatively frame these
inferences as being about the third party’s probable
desires (rather than the beliefs about those desires)
throughout.

Interestingly, however, many real-world contexts
have the same ambiguity. When our colleague says,
“It’s raining,” we may represent the fact that it’s
raining but fail to represent that all we really know
is that our colleague believes this to be the case.
Consistent with this, failures of source memory are
common in both adults and children (e.g., Cycow-
icz, Friedman, Snodgrass, & Duff, 2001; Gopnik &
Astington, 1988; Taylor, Esbensen, & Bennett, 1994).
One exception, however, is when we have reason
to believe an informant is unreliable; in such cases,
both adults and children can be epistemically vigi-
lant (e.g., Koenig, Cl�ement, & Harris, 2004; Sperber
et al., 2010). In this study, the context suggested
that the protagonist was certain about the social
partner’s affiliation; however, in future work it
would be interesting to look at how children inter-
pret emotional expressions when the person
expressing the emotion might be ignorant or mis-
taken. Given more uncertainty, children may be less
likely to impute desires directly to the social part-
ner and instead explicitly represent the protago-
nist’s beliefs about the partner.

Note also that our experiment contained both
contexts in which the protagonist’s expression in
the social context most likely belied her true feel-
ings (Experiments 1–3, where the protagonist dis-
played the opposite valenced emotion in the
nonsocial context) and contexts in which there was
no reason to suppose that the protagonist’s expres-
sion in the social context was not entirely sincere
(Experiment 4, where the opposite valenced emo-
tion in the nonsocial context referred to an unre-
lated event). These different contexts capture some
of the range of authentic emotions that might
underlie any socially displayed expressions: Protag-
onists may wholeheartedly share the feelings of
their social partner, have genuine feelings on the
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other person’s behalf independent of their own feel-
ings about the matter (e.g., someone may be sin-
cerely happy or sad for someone else even if they
feel the opposite way themselves), be entirely neu-
tral, or be at odds with their partner and displaying
feigned, inauthentic emotions. Much of the develop-
mental research has investigated the last of these,
focusing on children’s ability to distinguish real
and apparent emotions (Banerjee, 1997; Broomfield
et al., 2002; Gnepp & Hess, 1986; Gross & Harris,
1988; Harris et al., 1986; Jones et al., 1998; Josephs,
1994; Misailidi, 2006; Naito & Seki, 2009; Wellman
& Liu, 2004). The current research, however, sug-
gests that the emotion apparent in social contexts
may be informative despite the range of real emo-
tions that could underlie it; although displayed
emotions may be ambiguous about the protago-
nist’s own feelings, they may nonetheless be rela-
tively unambiguous about the mental states of her
audience. Consistent with this, researchers have
suggested that emotional expressions may serve
both as a component of an authentic emotional
response and be adapted for communicative pur-
poses (Shariff & Tracy, 2011).

In this study, we manipulated the expression of
emotion in social and nonsocial contexts and looked
at children’s responses to the manipulation on aver-
age; we did not consider sources of individual dif-
ference in children’s inferences. However, many
factors might affect children’s understanding of
social display rules, including gender (Brody &
Hall, 2008; Davis, 1995), temperament (Brody, 2000;
Calkins, 1994), and culture (Cole, Bruschi, &
Tamang, 2002; Matsumoto, 1990). Future research
might look at how these factors influence children’s
ability to infer the mental states of observers who
are the intended audience of others’ emotional
expressions.

We also note that our scenario is ambiguous
about the protagonist’s motivation for regulating
her emotional reaction. She might have done so for
prosocial reasons (to avoid hurting the feelings of
her social partner), for self-protective reasons (to
avoid negative outcomes), or for self-presentational
ones (to appear nice and avoid appearing boastful).
In any case, the protagonist’s emotional expression
in the social context provides information about the
mental states of her social partner. However, it
would be interesting in future research to look at
whether different motivations for emotion regula-
tion affect the inferences that children draw.

Additionally, although the protagonist changed
her emotional expression in all cases of our study,
the salience of the relevance between this change

and the mental state of the social partner varies
slightly across different contexts. In Experiments
1–3, the protagonist was a sports fan and she went
to watch a sports game that the social partner
played for. The possibility that the protagonist and
the social partner could have supported different
teams and have different emotional responses to
the outcome makes it salient that the protagonist’s
changing emotional expression might have some-
thing to do with the social partner’s team affiliation.
In contrast, in Experiment 4, the protagonist was
not a sports fan at all and, when she was alone,
responded to something irrelevant. Relative to
Experiments 1–3, it is thus less obvious that the
protagonist’s change of emotional expression was
due to her understanding of her social partner’s
feelings about the outcome of the game. Nonethe-
less, children spontaneously linked the change of
emotional expression to the social partner’s team
affiliation in this case as well. This suggests that
children have a relatively flexible understanding of
the inferences licensed by social display rules.

Our study was limited in using sports games for
the scenarios throughout. We chose this domain not
only because it is familiar, but because it is one in
which individuals may have opposite-valanced
emotional reactions to the same outcome. The con-
text thus makes it easy to establish relatively unbi-
ased priors for the affiliations of the protagonist
and social partner. However, since previous
research suggests that children’s understanding of
social display rules is influenced by what they
experience in the home and family (e.g., Jones
et al., 1998), it is possible that children’s perfor-
mance on our tasks might be influenced by their
familiarity with the specific content domain. Future
research could use a wider range of child-friendly
scenarios to see if we can replicate these findings,
and potentially extend the investigation to younger
children.

Children also succeeded here in a very tightly
constrained context: there were only two possible
outcomes (one of two teams won a game), two pos-
sible emotional responses (happy or sad), and two
characters. Moreover, the task design virtually elim-
inated any memory demands: children did not need
to track the changing emotional expressions over
time; they were concurrently displayed in the story-
book card format, together with the social context.
Future work might look at children’s ability to
draw these kinds of inferences when they must
track changing emotional dynamics over time or in
more complex, multiparticipant scenarios. Note,
however, that although more realistic scenarios
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may add processing demands and complexity, they
may also provide children with richer cues to
agents’ mental states.

Finally, as discussed, children meet new chal-
lenges in their peer relationships as their social
environments transit from families to schools
(Caputi et al., 2012; Cassidy et al., 1992; Denham
et al., 1990; Greenberg et al., 1995; Izard et al., 2001;
Mostow et al., 2002). Children interact with many
more people at school than in their families, and
the background of those individuals becomes more
diverse. Children’s relationships also become more
complex, as over development, they become
increasingly able to exert the effortful control
needed to monitor and regulate their emotional
expressions (Saarni, 1984). By middle childhood,
peers’ emotional displays are frequently tailored for
the benefit of others (Simonds, Kieras, Rueda, &
Rothbart, 2007) and it may be especially valuable
for children to be able to use one person’s emo-
tional expressions to infer the beliefs and desires of
the intended audience. Such sophisticated min-
dreading abilities may help children better under-
stand peer dynamics, choose social partners, and
understand how to be better friends with others.
Future research could look at whether the abilities
studied here correlate with the quality of children’s
peer relationships broadly.

Overall the current results suggest that at least in
constrained contexts, children can recover otherwise
underdetermined mental states from emotional
expressions in social contexts. Intriguingly, the cur-
rent results also suggest that there is a limit to how
much we can hide in hiding our feelings. In dis-
guising our true feelings, we may reveal what we
think about what other people want.
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