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Young children infer and manage what others think about them
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We care about what others think of us and often try to present ourselves in a good light.
What cognitive capacities underlie our ability to think (or even worry) about reputation,
and how do these concerns manifest as strategic self-presentational behaviors? Even
though the tendency to modify one’s behaviors in the presence of others emerges early
in life, the degree to which these behaviors reflect a rich understanding of what others
think about the self has remained an open question. Bridging prior work on reputation
management, communication, and theory of mind development in early childhood, here
we investigate young children’s ability to infer and revise others’ mental representation
of the self. Across four experiments, we find that 3- and 4-y-old children’s decisions
about to whom to communicate (Experiment 1), what to communicate (Experiments 2
and 3), and which joint activity to engage in with a partner (Experiment 4) are system-
atically influenced by the partner’s observations of the children’s own past performance.
Children in these studies chose to present self-relevant information selectively and strate-
gically when it could revise the partner’s outdated, negative representation of the self.
Extending research on children’s ability to engage in informative communication, these
results demonstrate the sophistication of early self-presentational behaviors: Even young
children can draw rich inferences about what others think of them and communicate
self-relevant information to revise these representations.

theory of mind | reputation management | communication | social cognition

Imagine a young child saying, “Watch this!” and proudly tying her shoes in front of
her parents. Why would she do this? Given that even young children can help others
learn by communicating information about the world (1), one might wonder if she is
genuinely trying to teach her parents how to tie their shoes. Yet, here’s another possibility:
Rather than communicating something about the world, could it be that the child is
communicating something about the self, showing off her ability to tie her shoes all on
her own?

As humans, we are deeply concerned about our reputations. What (we think) others
think about us—particularly, about our internal qualities such as competence or fairness—
can have powerful influences on how we learn and perform (2, 3), how we interact with
others (4, 5), and even how we think about ourselves (6, 7). As such, we also try to impress
others and actively manage our reputation (8, 9). This tendency emerges remarkably early
in life (5, 10); beyond being sensitive to others’ attention to the self (11), even 3-y-olds
cheat more after being told they have a reputation for being “smart” (12) and wait longer
in a delay-of-gratification task when they are told that someone (e.g., their teacher or peer)
would find out how long they waited (13). By age 5, children engage in prosocial behaviors
and avoid antisocial actions when someone else can see their actions (14, 15), and cheat
less when they are told that they have a reputation for being “good” (16).

Despite the ubiquity and early emergence of reputational concerns, however, much
remains unknown about their cognitive underpinnings: What are the representations and
inferential processes that allow such concerns to manifest as strategic self-presentational
behaviors? As adults, many of us appreciate how our behaviors can shape what others
think of us; beyond being concerned about our reputation, we can also strategically plan
our behaviors depending on what others currently think about us and how we want them
to think of us. This flexible, nuanced reputation management requires the ability to reason
about how others’ observations give rise to their current representations of the self, and
how additional observations might change those representations. Thus, there are at least
two cognitive prerequisites that are critical to turning reputational concerns into strategic
self-presentational behaviors: 1) the ability to represent and reason about unobservable
mental states—a capacity often referred to as theory of mind (e.g., refs. 17 and 18)—and
2) the ability to use such reasoning to change others’ mental states by engaging in flexible,
informative communication (1).

Decades of research have investigated the development of theory of mind and com-
munication in early childhood. First, to measure children’s ability to reason about others’
mental states, researchers have typically manipulated an agent’s prior observations and
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asked whether children can explicitly predict or explain the agent’s
behaviors given those observations. For instance, a classic false
belief scenario asks: If Sally placed her ball inside a box but then,
unbeknownst to her, the ball was moved to a basket, where would
Sally look for her ball? Such tasks probe children’s ability to infer
Sally’s representation of the ball’s location given her past observa-
tion, and understand that this representation is now inconsistent
with the ball’s actual location. In addition to these standard false
belief scenarios, a range of tasks assess children’s understanding of
desire, knowledge, and emotional states (e.g., ref. 19). The precise
timeline of theory of mind development still remains a topic of
debate (20–23), especially with regard to implicit measures such
as looking time. Nonetheless, children generally succeed at various
versions of more “explicit” false belief tasks by age 4 (18, 24),
suggesting that they have an abstract, causal understanding of
the relationship between others’ observations and their resulting
mental states.

Second, prior work also suggests that young children have so-
phisticated communicative abilities that capitalize on rich mental-
state inferences (1). Throughout early childhood (particularly
during the preschool years), children become increasingly capable
of flexibly choosing what information to communicate based
on what a learner knows and wants (25–28) as well as what
information would be rewarding or costly for the learner to
acquire [i.e., expected utility of learning (29, 30)]. Thus, rather
than indiscriminately providing any information that is new or
interesting, preschool-aged children consider others’ knowledge
states and selectively communicate information that would help
others acquire or update their representations of the world.

Taken together, prior work suggests that, by the end of the
preschool years, children can use others’ prior observations to infer
their mental states (18) and communicate informative evidence
to change those mental states (1). Critically, however, existing
empirical work on theory of mind development has focused
primarily on how children reason about others’ knowledge or
beliefs about concrete, observable states of the physical world [e.g.,
the locations or identities of objects (17–24, 31, 32); although,
see ref. 33 for recent work on representations of false beliefs about
others’ emotions]. Likewise, studies that reveal children’s abilities
as helpful communicators have also focused on how children
communicate about the external world [e.g., causal mechanisms
or properties of objects (25–30)]. Thus, there are open ques-
tions concerning whether these inferential and communicative
abilities extend beyond reasoning about others’ representations
of physical states. In particular, we know relatively little about
whether children can represent what others think of them and
how such abilities support children’s self-presentational behaviors
and reputation management more broadly.

Although theory of mind has often been considered to be a can-
didate cognitive capacity that underlies reputation management
(5, 10), little research has directly investigated whether children
can represent and manage what others think of them. Rather than
manipulating others’ prior observations and measuring children’s
subsequent responses [as in classic theory of mind tasks (18)],
prior work in reputation management has typically manipulated
the presence of a third-party observer or the observer’s properties
(e.g., identity or preference), and measured whether children
behave more positively when others are watching (e.g., share
more stickers), and more so in front of some people than others
(11, 13–15, 34). Although one could interpret these findings as
reflecting children’s representations of what others think of them,
it remains possible that children are just motivated to please others
and behave more positively around those they want to impress.
Other studies have directly manipulated whether children were

explicitly told that they have a particular reputation (e.g., for
being “nice” or “smart”) before engaging in a task (12, 16); in
these tasks, children could have simply tried to conform to those
expectations by engaging in or avoiding behaviors (e.g., cheating)
within the context of the task (particularly when others are
watching), rather than representing and attempting to revise what
others think of them. Collectively, although these studies have
successfully elicited self-presentational behaviors even in young
children, they do not provide clear evidence that children, at this
age, can represent what others think of them and deliberately
communicate self-relevant information to revise or improve these
representations.

Building on prior developmental research on theory of mind,
communication, and reputation management, we designed our
tasks to elicit self-presentational behaviors in ways that reflect
young children’s mental state inferences and communication
about the self. Among many representations that others could
have about the self, we focus on those that concern one’s
competence, a quality that is marked by experiences that are
salient even to young children: their performance outcomes
[i.e., failures and successes, or quality of their work (35–37)].
For instance, if a child repeatedly fails to activate a toy in
front of an adult, and succeeds only after the adult leaves the
room, would the child understand that the adult still thinks
the child cannot make the toy go? Insofar as the child infers
that the adult has an outdated representation of them, the
child may attempt to revise it, for instance, by successfully
activating the toy when the adult returns (“Look, I can make
it go!”).

Across four experiments, we targeted 3- and 4-y-old chil-
dren (with the exception of Experiment 2a, which also included
5-y-olds). The earliest evidence for self-presentational behaviors
comes from this age group (13, 16); children at this age also show
marked improvements in their performance in standard false-
belief tasks (18, 24) as well as tasks that tap into their abilities as
helpful communicators (1). In Experiment 1, we provide an initial
test of children’s ability to revise others’ prior observations of the
self, by asking to whom they want to communicate about the self.
In Experiments 2 and 3, we systematically vary an adult’s obser-
vations of the world (i.e., how a toy works) and of the child (i.e.,
whether the child fails or succeeds to activate a toy) to ask how
children navigate between two competing goals: communicating
about the world (teaching) versus communicating about the self
(managing reputation). Finally, in Experiment 4, we ask whether
children are more likely to revise others’ outdated representation of
the self when it is negative (i.e., deflated) than when it is positive
(i.e., inflated). Scripts for procedures, data, and analyses for all
experiments are available here: https://osf.io/uvmzy/.

Experiment 1

In Experiment 1 (n = 70, 3- and 4-y-olds), we test whether
young children can track others’ observations of their failures
and successes to rationally decide to whom to communicate
their success. Prior to the main procedure, all children were
introduced to a causal device with two buttons (a “toy”; see
Materials and Methods) by a main experimenter who then left the
room. The remaining procedure was conducted by two additional
experimenters (Failure Observer and Success Observer) who had
no prior interactions with participants and played with them in
separate phases.

First, the Failure Observer entered the room and explained
how the toy works. She successfully activated the toy to play
music, but then the toy did not work when the child tried to
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A B

Fig. 1. Methods and results for Experiment 1. (A) (Top) A participant fails to
make the toy work in front of the Failure Observer. (Bottom) A participant
succeeds in front of the Success Observer. (B) Proportion of children’s choice
of observers when asked “Who thinks you can make the toy go?” (Think) or
“Who should I tell that you can make the toy go?” (Tell). Error bars represent
95% CIs; *** p < 0.001, ** p < 0.01, * p < 0.05.

activate it.* This sequence was repeated again, and then the Failure
Observer left the room. Second, a different experimenter (Success
Observer) entered the room; the Success Observer’s instructions
and interactions with the device were identical to the Failure
Observer’s, except that the child now succeeded both times. Thus,
participants failed twice then succeeded twice on the toy, but the
Failure Observer only saw their failures, and the Success Observer
only saw their successes (Fig. 1). Finally, the main experimenter
returned to the room with a photo of the Failure Observer and a
photo of the Success Observer, and asked, “Who thinks you can
make the toy go?” (Think Condition) or “Who should I tell that
you can make the toy go?” (Tell Condition).†

All children also received an additional memory check question
(“Who came in first to play?”) to assess whether they could
explicitly recall who was watching them during their failures
and successes. Correctly answering the memory check question
was one of our predetermined exclusion criteria (Materials and
Methods and SI Appendix).‡

Results. As predicted, children were more likely to choose the
Failure Observer in the Tell Condition (68.6%) than in the
Think Condition (25.7%), p < 0.001, Fisher’s exact. When
asked which Observer thought that they could make the toy go
(Think), children selectively chose the Success Observer (74.3%,
p = 0.006, binomial). When asked to whom to tell their success
(Tell), children selectively chose the Failure Observer (68.6%,
p = 0.041, binomial) (Fig. 1). We did not find evidence for
age-related differences in children’s choices (SI Appendix). These
results provide initial evidence that 3- and 4-y-old children readily
track others’ past observations of their own failures and successes
to attribute representations of the self accordingly (Think) and

*In reality, the toy was rigged such that the child’s failures and successes were surrepti-
tiously controlled by a hidden remote. This was true for all the toys used in Experiments 1
through 3.
†Prior work suggests that 3- and 4-y-olds understand the meaning of the word “think” (38).
‡All of our experiments had similar memory check questions, and the number of children
excluded is reported in Materials and Methods. Given the relatively large number of children
who did not answer correctly, we also report analyses without this exclusion in SI Appendix;
the results remain qualitatively the same for Experiments 1 and 2, but are weaker for
Experiments 3 and 4 (although in a similar direction).

make systematic choices about to whom to communicate their
success (Tell).

Although children accurately identified who thought they
could make the toy go, their motivation for choosing to tell the
Failure Observer about their success remains rather ambiguous:
While it is possible that children wanted to change what the
Failure Observer thought about them, it is also possible that
children were simply motivated to avoid providing redundant
information (success) to the Success Observer. We address this
issue in Experiment 2, where children interacted with a single
observer and were given a chance to successfully demonstrate one
of two toys.

Experiment 2

In Experiment 2, we ask whether children can reason about others’
representation of the self to strategically navigate between two
communicative goals: providing information about the world
(i.e., showing a novel toy) or about the self (i.e., showing that they
can activate a toy). Given that this task could be more challenging
than Experiment 1, we recruited a wider age range in an initial
experiment (Experiment 2a: n = 70, 3- to 5-y-olds), followed by
a direct replication with a larger sample of our primary target age
group (Experiment 2b: n = 100, 3- and 4-y-olds).

First, the main experimenter brought out two causal devices
(toys): a red toy with two buttons and a green toy with two levers
(see Materials and Methods). A second experimenter (Observer
“Anne”) then entered the room and stated her ignorance about the
toys by saying, “I’ve never seen these toys before, I don’t know how
they work!” Then the main experimenter began the Observed Toy
Phase with one toy (e.g., the red toy in Fig. 2; toy counterbalanced)
and put away the other toy.

In the Observed Toy Phase, the experimenter successfully acti-
vated the red toy and gave the child a chance to try, but the child
failed to activate the toy. The Observer was in the room watching
and acknowledged the experimenter’s success (“Oh wow, the toy
lights up!”) and the child’s failure (“Hmm. . . ”). After repeating
this sequence once more, the experimenter explained to the child
that the two buttons (or levers) have to be pressed at the exact
same time for the toy to work and gave the child a third chance
to try. Finally, the child succeeded on this third attempt. The
critical difference between conditions was when the Observer left
the room: In the Absent Condition, the Observer left the room
immediately after the experimenter’s explanation but before the
child’s success, whereas, in the Present Condition, the Observer
left the room after seeing the child’s success.

Next, the Unobserved Toy Phase involved the same procedure
with the other toy (e.g., the green toy), but in the absence of the
Observer; the experimenter was always successful, while the child
initially failed twice and succeeded on the third attempt (Fig. 2).

Finally, at test, the experimenter asked, “Now you can show
Anne [the Observer] one of these toys. Which toy do you want
to show her?” This test question left the goal of communication
deliberately ambiguous, allowing children to choose to provide
information about the toys (i.e., teach) or information about their
abilities (i.e., show off). At the end, children received a memory
check question (predetermined exclusion criteria; Materials and
Methods and SI Appendix): “Was Anne watching when you were
playing with this toy or this toy?”

Children in both conditions had good reasons to choose the
Unobserved (green) Toy. By doing so, they could provide novel
information to the Observer; the Observer had never seen this
toy’s effect, did not know how it worked, and had not seen the
child succeed on it, whereas she had seen the Observed (red)
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B A C 

Fig. 2. Methods and results for Experiments 2 and 3. (A) (Top) A participant attempts to make the Observed Toy go in front of the Observer and the
experimenter. (Bottom) A participant chooses a toy to show the Observer. (B) Schematic of study design. (C) Proportion of children’s choices for the Observed
or Unobserved Toy in each condition. Error bars represent 95% CIs; ** p < 0.01, * p <= 0.05.

Toy’s effect and also heard the experimenter’s explanation about
how it works. Critically, however, only the children in the Absent
Condition had reasons to demonstrate the Observed Toy instead,
despite the Observer’s familiarity with the toy; by showing their
success, children could revise the Observer’s past observations of
their failure. Thus, our main prediction was a difference between
the two conditions; children would be more likely to choose the
Observed Toy in the Absent Condition compared to the Present
Condition.

Results. As predicted, children in Experiment 2a (3- to 5-y-olds)
chose the Observed Toy more often in the Absent Condition than
in the Present Condition (55.3% vs. 28.1%; p = 0.029, Fisher’s
exact). Children in the Present Condition selectively chose the
Unobserved Toy (p = 0.020, binomial), whereas children in the
Absent Condition did not show a clear preference (p = 0.627,
binomial). We found a modest effect of age, suggesting older
children were more likely to show a difference between conditions
(SI Appendix).

We observed a strikingly similar pattern in Experiment 2b,
which only included 3- and 4-y-olds. Children were more likely
to choose the Observed Toy in the Absent Condition than in
the Present Condition (53.8% vs. 29.2%, p = 0.015, Fisher’s
exact); children in the Present Condition strongly favored the
Unobserved Toy (p = 0.006, binomial), whereas children in the
Absent Condition were split between the two toys (p = 0.678,
binomial). We did not find age-related differences in participant’s
choices (SI Appendix).

These results suggest that, although children in Experiment 2
were generally motivated to provide new information (Unob-
served Toy), those in the Absent Condition were more likely to
demonstrate their ability to activate the Observed Toy (which was
already familiar to the Observer) compared to those in the Present
Condition. This tendency is particularly remarkable given that the
Observer had already seen the toy and its effect multiple times, and
even heard the Experimenter teach the child how it works. Unlike
Experiment 1, these responses cannot be explained by a tendency
to avoid redundancy. They also cannot be explained by a simple
heuristic to engage in positive behaviors or generate positive effects
(activating either toy would be positive), or a learned association
between success and praise (showing either toy would presumably
lead to praise). While children were split between the two toys
in the Absent Condition, it is unlikely that they were confused
and randomly chose a toy; children in the Present Condition
showed a clear preference for the Unobserved Toy (showing that

they understood the procedure and the test question), and the two
conditions were minimally different in terms of their procedures
and demands. Instead, one plausible interpretation of these results
is that, even though children in both conditions were driven by the
goal to provide new information about the world (i.e., teach how
the Unobserved Toy works), only those in the Absent Condition
had a competing communicative goal to provide information
about the self, specifically because they inferred that the Observer
had an outdated representation of their ability to activate the
Observed Toy.

An even more stringent test for this interpretation would be to
remove the goal to communicate about the world while retaining
the goal to communicate about the self: If the Observer already
knows how the toys work, which obviates the need to teach
the Unobserved Toy, would children in the Absent condition
now preferentially choose the Observed Toy to show off their
competence? Experiment 3 explores this possibility.

Experiment 3

Experiment 3 consisted of a single-condition, preregistered ex-
periment (Experiment 3a: n = 32, 3- and 4-y-olds) and a pre-
registered direct replication with a larger sample (Experiment 3b:
n = 50, 3- and 4-y-olds).

The procedure was almost identical to the Absent Condition as
in Experiment 2; the only difference was that, instead of stating
her ignorance, the Observer (Anne) explicitly stated her knowl-
edge about both toys (“I really like playing with both of these toys.
I know how to make both of them go!”) and demonstrated that
she could successfully make both of them work. Thus, children
no longer had a reason to teach the Observer about either toy.
In addition, we changed the test question to clarify that the
purpose of communication was to tell the Observer about the
child’s success on either one of the toys. The experimenter said,
“I can tell Anne [the Observer] that you can make one of these
toys go. Which toy do you want me to tell her that you can
make go?” followed by the same memory check question as in
Experiment 2 (predetermined exclusion criteria; Materials and
Methods and SI Appendix). Note that choosing either toy could
still communicate positive information about self, because the
Observer never saw the child successfully activate either toy. How-
ever, if children understand that the Observer has an outdated
representation of their ability to activate the Observed Toy, they
should preferentially choose this toy to repair this representation.
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Results. As predicted, children in Experiment 3a preferentially
chose the Observed Toy (68.8%, p = 0.050, binomial, preregis-
tered analysis). A similar trend was found in Experiment 3b but
with a weaker, nonsignificant effect (62%, p = 0.119, binomial,
preregistered analysis); children were nonetheless more likely to
choose the Observed Toy than children in the Present Condition
in Experiment 2b (62% vs. 29%, P = 0.001, Fisher’s exact,
preregistered analysis). An exploratory analysis collapsing across
Experiments 3a and 3b (n = 82 participants total) suggested that
children were more likely to choose the Observed Toy (64.6%,
P = 0.011, binomial).§ The effect of age as a continuous predictor
was not significant in Experiment 3a or 3b, or even in the
combined sample (SI Appendix).

These results provide further suggestive evidence that children
in the Absent Condition wanted to demonstrate their competence
on the Observed Toy. Compared to Experiment 2 where children
had two competing goals, removing the goal to teach new infor-
mation about the toys may have allowed the other goal (i.e., the
goal to demonstrate their competence) to manifest more clearly.
Given the relatively small effect sizes, however, we are cautious to
draw strong conclusions. In fact, although Experiment 3 proce-
dures were superficially similar to Experiment 2, there are reasons
to believe that this task was more challenging for young chil-
dren. First, minor changes to the procedure may have increased
the overall processing demands of the task (e.g., the Observer’s
successes on both toys, declaration of her knowledge about both
toys, longer test question). Second, children likely needed more
sophisticated mental-state reasoning and communicative abilities
in order to show a preference for the Observed Toy. Specifically,
children had to understand that the Observer’s representation of
them contained information about which toy they had failed on
(the Observed Toy), and that showing the Observed Toy is a
more effective way to revise this representation than showing the
Unobserved Toy. However, if children were unable to track which
toy the Observer saw them fail on, and/or if they simply wanted
to show a success on any toy, then choosing either toy would be
sufficient. We return to this point in General Discussion.

Collectively, our results from Experiments 1 through 3 demon-
strate that preschool-aged children track others’ observations of
their performance and communicate information to revise oth-
ers’ outdated representations of the self. In this sense, children’s
communication about the self resembles their communication
about the world: When others’ representations are outdated or
false, they provide information that can update or revise those
representations.

Yet, a distinctive aspect of self-relevant communication is that
we often want these representations to be not just accurate, but
also positive. Thus, as prior work on early reputation management
suggests (12–16), children’s tendency to communicate informa-
tion about the self may also be influenced by whether that infor-
mation could improve or damage their reputation. Experiment
4 was designed to test this particular feature of self-relevant
communication: Rather than attempt to revise any inaccurate
representations of the self, we hypothesized that children may be
more likely to revise representations that are deflated (inaccurate
and negative) than those that are inflated (inaccurate but positive).

Experiment 4

In Experiment 4 (preregistered, n = 64, 3- and 4-y-olds), we
used a new, simplified task design. First, rather than having

§Note that the results from the combined data should be interpreted with caution, as
Experiments 3a and 3b were conducted separately.

children do two different tasks (i.e., learn how two different toys
work), now, children just did one activity—drawing. Prior work
suggests that even young children can evaluate different qualities
of drawings and are motivated to draw well (e.g., refs. 37, 39, and
40). Second, rather than asking children to directly communicate
with the Observer, we asked children which activity they wanted
to pursue with the Observer. Critically, the adult Observer was
always mistaken (i.e., had an inaccurate representation) about
the child’s drawing ability, but in a way that was positive (Better
Condition) or negative (Worse Condition; random assignment).
We asked whether children would be more likely to choose an
activity that shows their true competence when the Observer has
an inaccurate and negative representation of the self than when
the Observer has an inaccurate but positive representation.

First, the participant interacted with the main experimenter in
a warm-up task; the child was shown two drawings of trees that
differed in quality (“good” and “bad” drawing; Fig. 3) and was
asked which drawing is better (predetermined exclusion criteria).
The child then made their own drawing of a tree. Next, just
as the main experimenter placed it on a pile of other drawings
(on the floor, out of the child’s view), an Observer came into the
room. The experimenter told her, “Hey, [child’s name] just made
a drawing!” and the Observer said, “Oh, let me take a look!” and
picked up a drawing from the pile. The Observer looked at the
drawing for 2 s to 3 s, leading the child to believe that the Observer
was looking at the child’s own drawing, although children could
not see the actual drawing. In reality, the Observer picked up
a blank sheet of paper (rather than the child’s actual drawing),
making the Observer blind to condition. The Observer then said
“Thanks for showing me!” and placed it back on the pile, and left
the room.

Critically, the main experimenter then picked up the “same”
drawing that the Observer was looking at, and said, “Oh, this is
the drawing that Anne was looking at.” In the Better Condition,
the experimenter revealed the good drawing from the warm-up
task. In the Worse Condition, the experimenter revealed the bad
drawing. In reality, the experimenter had surreptitiously placed
either the good or the bad drawing on top of the pile of drawings
before revealing it to participants. Thus, in both conditions,
children were led to believe that the Observer thought she was
looking at the child’s own drawing, but later learned that the

A B

Fig. 3. Stimuli and results for Experiment 4. (A) (Top) Good drawing used in
Better Condition; (Bottom) bad drawing used in Worse Condition; good and
bad drawings were also used in warm-up task in both conditions. (B) Results
after excluding participants who made drawings that were rated to be worse
than the bad drawing (Worse Condition) and better than the good drawing
(Better Condition). Error bars represent 95% CIs; * p < 0.05. ** p = 0.01.
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Observer had actually looked at someone else’s drawing that was
either better or worse than their own. Then the Observer reentered
the room and brought out a piece of paper and marker, as well as
a container with blocks. She asked children the critical question,
“Now we can do some drawing or play with blocks. Which one
do you want to do?”¶ After participants engaged in their chosen
activity for about 1 min with the Observer, the Observer left the
room.

Finally, the main experimenter brought out the good drawing,
the bad drawing, and the participant’s drawing, and asked a
memory check question (preregistered exclusion criteria): “Which
drawing was Anne looking at earlier?” The experimenter then
replaced the child’s drawing with a previous participant’s drawing
and asked, “Which is the best drawing?” and “Which is the worst
drawing?” of the three drawings. By asking children to evaluate
another child’s drawing in a yoked manner, we were able to
independently verify whether children produced drawings that
were actually evaluated to be better than the “bad” drawing (Worse
Condition) or worse than the “good” drawing (Better Condition)
by their peers.

The Observer’s representation of the child was false in both
conditions; she not only looked at the wrong drawing (i.e., not
the child’s), but it also differed in quality with respect to the
child’s own. What differed between conditions was the valence
of the Observer’s representation. Looking at a drawing that is
better than the child’s own (Better Condition) would presumably
form a positive, desirable representation of the child’s performance
(or their drawing abilities more generally), whereas looking at a
drawing that is worse than the child’s own (Worse Condition)
would presumably form a negative, undesirable representation. If
children can represent these valenced contents of the Observer’s
representation of the self, they might choose different activities,
depending on the condition. Thus, our prediction was a difference
across conditions: Children would be more likely to continue
drawing (rather than play with blocks) in the Worse Condition
than in the Better Condition. Although the drawing task could
revise the Observer’s representation to reflect their true compe-
tence in both conditions, only in the Worse condition would it
improve this representation.

Results. Despite a trend in the predicted direction, the differ-
ence between the two conditions was not significant (percent
choice for drawing: 41.7% [Worse] vs. 25% [Better], p = 0.193,
Fisher’s exact, preregistered main analysis). Preregistered follow-up
analyses revealed that children in the Better Condition preferred
blocks over drawing (p = 0.013, binomial), while children in
the Worse Condition did not show a clear preference between
blocks and drawing (p = 0.405, binomial). Logistic regression
with condition and age (continuous) revealed a weak interaction
between condition and age (p = 0.052; SI Appendix). Consistent
with this interaction, our secondary preregistered analyses also
found that 4-y-olds showed the predicted pattern (percent choice
for drawing: 62.5% [Worse] vs. 18.75% [Better], p = 0.029,
Fisher’s exact), whereas 3-y-olds did not (25% [Worse] vs. 33.3%
[Better], p = 0.696, Fisher’s exact).

Given that age-related differences were not clear in prior ex-
periments, what might explain these results? Our original intent
in designing Experiment 4 was to create contexts in which the
Observer had either a deflated (Worse Condition) or an inflated
(Better Condition) representation of the child’s performance. To
appropriately manipulate this, the child’s drawing must be clearly

¶We did not ask participants to explain their choice in this experiment.

better than the bad drawing in the Worse Condition (making
the Observer’s belief deflated) and worse than the good drawing
in the Better Condition (making the Observer’s belief inflated).
Rather unexpectedly, however, children’s yoked evaluations of
others’ drawings suggested that many drawings did not meet these
criteria; some drawings—especially those made by 3-y-olds—were
rated by their peers to be even worse than the bad drawings (i.e.,
“the worst one”), suggesting that our key condition manipulation
may not have had the intended effect for these children.

Although we did not list drawing quality as our preregistered
exclusion criteria, as an exploratory analysis, we looked at chil-
dren’s choice of activity after excluding the following participants:
those in the Worse Condition whose drawings were picked as
the “the worst one” (n = 13, MAge = 3.89; ten 3-y-olds; three
4-y-olds), those in the Better Condition whose drawings were
evaluated as “the best one” (n = 3,MAge = 4.44; one 3-y-old; two
4-y-olds), and those who did not receive another child’s ratings
on their drawings due to experimenter error or participants not
responding to the question (n = 5, MAge = 3.91; four 3-y-olds;
one 4-y-old). We then analyzed the remaining group of children
(n = 43 total; n = 23 in Better Condition, MAge(SD) = 4.16;
n = 20 in Worse Condition, MAge(SD) = 4.23). Consistent
with our prediction, we found that children were more likely to
choose to continue drawing in the Worse Condition than in the
Better Condition (55% vs. 21.7%, p = 0.032 , Fisher’s exact). As
in Experiments 1 through 3, no effect of age was observed after
the exclusion (SI Appendix).

In sum, Experiment 4 results suggest that preschool-aged chil-
dren were sensitive to the desirability or valence of the Observer’s
self-relevant beliefs. Given that the Observer always had a false
belief regardless of condition, children could have chosen to draw
and reveal their true competence in both conditions. Instead,
children were more likely to do so when such information could
change the Observer’s belief for the better. Note that these results
can be interpreted in two different ways. Children might have had
a novelty preference for blocks, which was attenuated specifically
in the Worse condition by children’s desire to reveal their actual
drawing skills. Alternatively, those in the Better condition might
have actively tried to maintain the Observer’s inflated representa-
tion by purposefully withholding information about their drawing
skills. These are not mutually exclusive possibilities, and more
work is needed to further distinguish children’s attempts to im-
prove deflated representations versus maintain inflated represen-
tations. Unlike in previous experiments, we observed some effect
of age in Experiment 4, but we caution against interpreting the
age effect as reflecting genuine developmental change; age might
be related to children’s drawing abilities (and therefore the quality
of their drawings), influencing the effectiveness of our condition
manipulation. More specifically, children who made very low-
quality drawings (who also tended to be younger) might have
been discouraged from continuing to draw in both conditions,
regardless of what the Observer thinks.

General Discussion

As humans, we are highly concerned with others’ impressions of
us and even try to change what others think of us. Bridging prior
work on reputation management, theory of mind, and commu-
nication in early childhood, our results show that even young
children can draw inferences about what others think of them and
strategically communicate to manage others’ representations of
the self. Across four experiments, 3- and 4-y-old participants were
able to track and use others’ observations of their performance
(e.g., their failures or successes, or the quality of their work) to
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effectively revise others’ outdated representations of the self (Ex-
periments 1 through 3), selectively, when they could improve these
representations to be positive (Experiment 4).# Notably, children
made such decisions in the absence of any explicit mention or
reminder of what others know or think about the self.

Despite much prior work on the presence of reputational
concerns in children as young as age 3 (12, 13), the extent to
which such findings reflect the ability to reason about others’
minds has remained an open question. The current findings
reveal the sophistication of children’s reputational reasoning and
the representations underlying their self-presentational behaviors.
Children in our study did not rely on simple heuristics (e.g.,
behave positively in front of others), a learned association between
positive behaviors and external reward (e.g., behave positively to
receive praise), or a tendency to be consistent with an explicit
reputation (e.g., acting “good” when they are told to have a
reputation for being good); instead, they readily tracked others’
observations of their performance and modulated their communi-
cation depending on how additional information would improve
what others thought of them.

These findings connect prior work on reputation management
(5) with existing developmental work on theory of mind (18) and
informative communication (1). In particular, children’s decisions
about which toy to show to an observer (Experiments 2 and
3) reveal how children’s mental-state reasoning capacities can
give rise to different (and sometimes competing) communicative
goals; without the ability to reason about others’ mental states,
children would not have understood the need to communicate
information about the world (i.e., demonstrating how the toy
works), nor the need to communicate information about the
self (i.e., demonstrating their success). From this perspective, our
findings fill important gaps in our understanding of theory of
mind development and early communication.

First, prior work on theory of mind development has almost
exclusively focused on children’s reasoning about what others
think about concrete, physical states of the world [i.e., where
does Sally think her ball is? (17–22, 31, 32)]. Going beyond
mental states about the physical world, our findings suggest that
children can also reason about others’ mental states about the self
(i.e., what does Sally think about me?). Second, prior work on
children as helpful communicators (1) has largely examined how
children reason about others’ mental states and utilities to provide
information about the external world (i.e., telling Sally where her
ball really is). Remarkably, children in our study capitalized on
these representational and inferential capacities to communicate
about the inner world (i.e., telling Sally that I actually can make
the toy go). For adults, one of the most frequent topics of conver-
sation is the self (41), and such self-disclosure may be particularly
rewarding (42); our results suggest that young children are also
motivated to communicate self-relevant information, in ways that
reflect their ability to reason about others’ minds.

These findings provide empirical evidence for attribution of
self-relevant mental states in children as young as age 3. These
results have broad implications about the nature of the represen-
tations that underlie early self-presentational behaviors. In Exper-
iments 1 and 2, children only had to reason about whether the
Observer(s) saw their success or not (ignorance representation).||

#Findings from Experiments 3 and 4 had small effect sizes and should be interpreted with
caution. Experiment 3b results were trending but not significant; Experiment 4 results were
significant only in 4-y-olds, or after applying post hoc exclusion criteria.
||This ignorance representation in Experiment 2 could lead to a preference for the
Unobserved Toy in the Present Condition and equal preference between the two toys in
the Absent Condition.

In Experiment 3, however, to selectively choose the Observed
Toy over the Unobserved Toy, children had to attribute a rep-
resentation that contains information about the specific toy that
the child previously failed on. This could involve either a full-
blown representation of belief (e.g., “She believes I cannot make
this toy go”) or a sophisticated form of propositional knowledge
that contains information about a specific toy and the child’s
performance [e.g., “She doesn’t know I made this toy go” (43)].**

In Experiment 4, children had to go beyond representing what
others know about their past performance and reason about how
others might evaluate them (i.e., “good” or “bad” at drawing),
suggesting that children had to attribute to the Observer a va-
lenced representation of their drawing ability, or possibly a false
belief. From this perspective, it is noteworthy that Experiments
3 and 4, which required attribution of contentful representa-
tions, produced relatively weaker results in this age group than
Experiments 1 and 2, with suggestive age-related differences (see
SI Appendix: Effect of Age for Experiments 3 and 4). Critically
however, the current work does not provide conclusive evidence
about the exact nature of representations children attributed to
the observer across different experiments. These experiments also
differed in other cognitive demands beyond mental-state attribu-
tion per se (e.g., number of toys, number of observers), and we
did not find a clear relationship between children’s performance in
our task (Experiment 3b) and standard theory of mind measures
(SI Appendix). Despite these limitations, these initial studies offer
exciting directions for future work investigating the nature of the
representations that underlie self-presentational behaviors.

Perhaps surprisingly, we did not find clear age-related differ-
ences in our experiments. Nonetheless, we can speculate on a
few key factors that may underlie the developmental time course
of children’s ability to reason about what others think about the
self. On one hand, representing others’ beliefs about the self may
be cognitively challenging (and correspondingly late developing),
at least compared to representing others’ beliefs about physical
states of the world. Others’ beliefs about qualities of the self,
such as one’s competence, morality, or preferences, are often
abstract, subjective, and have no clear ground truth (46). Even
understanding what kinds of observations (e.g., drawing a tree vs.
lifting a box) can influence others’ evaluations of different qualities
of the self (e.g., artistic skills vs. physical strength) may require
significant world knowledge and experience in specific domains.
Thus, the ability to appreciate how the same observation (e.g.,
one’s drawing) could be evaluated differently depending on the
observers’ standards or prior experiences may develop throughout
childhood. Furthermore, although the current study used an
experimental approach to directly manipulate the data children
could use to infer others’ representations of the self (i.e., an adult’s
observations of the child’s failure or success), such data in a child’s
everyday environment may be much noisier. Others’ observations
of the self might be distributed across multiple people and extend
over varying timescales, and, in some cases, may even require
retrospective belief attribution (47) or counterfactual reasoning
(48).

On the other hand, compared to others’ knowledge or be-
liefs about the world, children may be particularly motivated to
reason about self-relevant representations, especially when there
are real-world consequences for their reputations (although, see
ref. 49, which suggests that real-world consequences are not
necessary). Arguably, the most compelling need for representing

**Such knowledge-based representations might also reflect a sophisticated form of aware-
ness relations (44) or experiential records (45).
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others’ mental states may arise in self-relevant contexts; to the
extent that children care more about what Sally thinks about the
self than where Sally thinks her ball is, we might find successful
attribution of self-relevant mental states even before children
succeed in standard theory of mind tasks. In fact, preschool-aged
children interpret the same praise (e.g., “This drawing is great!”)
differently depending on the speaker’s standards for praising other
drawings (50), suggesting that children this age may already have a
rather nuanced understanding of social evaluation in self-relevant
contexts. Finally, although our task featured an observer whom
children had not met before, children’s motivation to consider
what others think of the self may also be modulated by their
relationship with the observer (e.g., parents, teachers, peers), how
mistakes or failures are perceived by the self or others [e.g.,
mindsets (51)], and cultural values placed on various traits such
as intelligence, generosity, or modesty [or an individual observer’s
values (52)].

Our findings raise questions for disciplines beyond develop-
mental cognitive science. First, recent advances in computational
models of social cognition have focused on formalizing how
people infer what others think about the external world (53, 54);
our work calls for computational work that formalizes people’s
inferences about representations of the inner world, and, more
broadly, a computational framework for characterizing the process
by which children build a coherent self-concept through their
own experiences and social interactions. Second, in light of neural
development of brain regions implicated in theory of mind (55,
56), exploring the role of these regions in representing others’
mental states about the self (57) is another exciting direction for
future work. Third, our findings shed light on classic findings
on stereotype threat (e.g., ref. 3) as a byproduct of our ability
to represent what others think of us, opening up opportunities
for productive collaboration between developmental and social
psychology. Finally, given recent advances in our understanding
of social cognitive abilities in nonhuman primates (44, 58, 59)
and domesticated dogs (60), one might ask whether analogous
self-presentational behaviors are found in nonhuman species. It is
possible that some species are sensitive to conspecifics’ (or other
humans’) observations of the self and engage in self-promoting
behaviors by demonstrating aggression or strength, although the
extent to which these behaviors are modulated by rich representa-
tions of mental states remains to be seen.

The process by which we come to understand who we are may
be intimately intertwined with others’ understandings of who we
are (6, 7). Just as we learn about the self from our own experiences,
we also learn about who we are from interactions with others,
and, in particular, what (we think) others think about us. The
ability to reason about others’ representation of the self may be
especially critical in early childhood, allowing children to build the
foundations for healthy self-concepts and social relationships with
others. Our work is an initial step toward understanding how early
inferential and representational abilities may play an important
role in early learning about the self.

Materials and Methods

All study procedures were approved by Stanford University’s Institutional Review
Board. Parents gave informed consent for their children to participate. All studies
took place in a private room in a university-affiliated nursery school.

Experiment 1.
Participants. Seventy 3- and 4-y-olds (MAge(SD) = 4.08(0.58), range: 3.00
to 4.99; 38 girls, 32 boys) were randomly assigned to the Think (n = 35) or

Tell (n = 35) Condition. An additional 15 children were tested but excluded due
to failing the memory check question (n= 9) or not completing the task (n= 6).
Stimuli. We constructed a novel cylinder-shaped causal device (a “toy”) covered
with blue felt, with two buttons on the sides. The experimenter used a hidden
remote switch to manipulate children’s apparent failures and successes. Chil-
dren were also shown two 3” × 5” photos of the Failure Observer and Success
Observer.

Experiment 2a.
Participants. Seventy 3-, 4- and 5-y-olds (Mage(SD)= 4.66(0.66), range= 3.35
to 5.96; 39 girls, 31 boys) were randomly assigned to the Absent (n = 38)
or Present Condition (n = 32). An additional 38 participants were tested but
excluded for failing the memory check question (n = 22) or not completing the
task (n = 16).
Stimuli. We constructed two novel causal toys, a red music toy and a green light-
up toy (∼7”×7”×3” each). Both toys had apparent causal mechanisms (red toy:
two yellow buttons; green toy: two wooden levers) that generated music (red toy)
or lights (green toy), but, in reality, the toys were controlled via a hidden remote
switch. Children were also shown a 3” × 5” photo of the Observer.

Experiment 2b.
Participants. One hundred 3- and 4-y-olds (MAge(SD) = 4.00(0.53), range:
3.00 to 4.99; 57 girls, 43 boys) were randomly assigned to the Absent
(n = 52) or Present Condition (n = 48). An additional 52 participants were
tested but excluded for failing the memory check question (n = 32) or not
completing the task (n = 20).
Stimuli. Toys used were similar to those in Experiment 2a, except that the music
in the red toy was replaced with lights; thus, both toys had the same effect (lights)
but different (fake) causal mechanisms.

Experiment 3a.
Participants. Thirty-two 3- and 4-y-olds (MAge(SD) = 4.01(0.59), range: 3.03
to 4.99; 17 girls, 15 boys) participated in a single condition experiment. An
additional 15 participants were tested but excluded due to failing the memory
check.
Stimuli. We used the same toys as in Experiment 2b.

Experiment 3b.
Participants. Fifty 3- and 4-y-olds (MAge(SD)=4.03(0.59), range: 3.00 to 4.94;
28 girls, 22 boys) participated in a preregistered replication of Experiment 3a. An
additional 12 participants were tested but excluded for failing the memory check.
Stimuli. We used the same toys as in Experiment 2b.

Experiment 4.
Participants. Sixty-four 3- and 4-y-olds (MAge(SD)= 4.12, range: 3.43 to 4.97;
42 girls, 22 boys) were randomly assigned to the Better (n = 30) or Worse
Condition (n = 34). An additional 19 participants were tested but excluded for
failing the warm up question (n = 6) or memory check (n = 13).
Stimuli. “Good” and “bad” drawings were created using a blue marker on
laminated sheets of paper. Children also drew with a blue marker on laminated
paper. For the test question, children were shown a blue marker with a blank sheet
of paper (drawing) and a clear, plastic tub with 10 (1”) wooden blocks (playing
with blocks).

Data Availability. Anonymized children’s responses data have been deposited
in “Young children infer and manage what others think about them” (https://osf.
io/uvmzy/) (61). All other study data are included in the article and/or SI Appendix.
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