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Abstract 

 

Emergence and Cognitive Correlates of Evaluative Audience Perception 

By Sara Valencia Botto 

 

 

For the past few decades, research has documented how reputational concerns change 

adults’ and children’s behavior across contexts. For instance, in public, but not in private, adults 

and children are significantly more generous, conform to the opinion of the majority, and make 

explicit attempts to manage their reputation. Clearly, the concern for others’ potential evaluations 

influence much of human behavior. However, despite this concern being central to human 

psychology, little is known about its ontogeny. In particular, when do children begin to show 

first signs of a concern for the potential evaluation of others, what we refer to here as evaluative 

audience perception? And what does it take to develop such a concern? Using a developmental 

perspective, the present dissertation explored potential social-cognitive abilities — including 

children’s objectified sense of self, their theory of mind, and their norm understanding — that 

might predict the emergence of evaluative audience perception in 14- to 27-month-old children 

(N = 59). Specifically, we hypothesized that if these three social-cognitive abilities are potential 

pre-requisites of evaluative audience perception, then children who showed all three social-

cognitive abilities would be more likely to strategically modify their behavior based on the 

previously demonstrated values of the experimenter, as well as her relative attention (looking 

versus not looking at the child). In support of this hypothesis, results showed that only children 

who displayed theory of mind, an objectified sense of self, and normativity, strategically 

modified their behavior depending on whether they were being observed. In particular, we found 

that — independent of age, general cognitive competency, or temperament  — children who 

demonstrated all three social-cognitive abilities were significantly more likely to reproduce an 

outcome that had been positively valued by the experimenter when the experimenter was 

watching, but then chose to reproduce an outcome that had been negatively valued by the 

experimenter once the experimenter had turned her back. On the whole, this dissertation sheds 

light on a potential cognitive mechanism underlying the human concern for reputation. 
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Emergence and Cognitive Correlates of Evaluative Audience Perception 

 Compared to other animals, humans have the peculiar propensity to adorn and present 

themselves in ways that will elicit positive evaluations from others. As case in point, the 

cosmetics industry, which exists to superficially enhance individuals’ attributes while hiding 

their imperfections, is a multimillion-dollar industry (Termini & Tressler, 2008). Interestingly, 

the propensity toward body adornment can be traced back to the Neandertals (Zilhão et al., 

2010).  As a species, we display a unique concern with reputation (i.e., the computation of how 

others perceive and evaluate us; Rochat, 2013).  

Given that our concern with reputation is central to human psychology, it is not 

surprising that reputational concerns are evident by 3-5 years of age (Engelmann & Rapp, 2018). 

For example, Zhao et al., (2018) showed that, when primed with a reputational cue (i.e., “I heard 

your peers think you’re smart”), 3-5-year-old children are more likely to cheat in order to 

maintain a smart reputation.  Numerous studies have also shown that, like adults, preschoolers 

are significantly more generous in public compared to in private (Engelmann et al., 2012; Piazza, 

Bering & Ingram, 2011), and will also conform to the opinion of the majority publicly but not 

privately (Haun & Tomasello, 2011).  Clearly, reputational concerns affect much of human 

behavior. 

However, despite the fact that reputational concerns are a critical part of human 

development, there is a paucity of work on its origins in human development (Silver & Shaw, 

2018). Specifically, when do children begin to show first signs of a concern for the potential 

evaluation of others? And what does it take to develop such a concern? Using a developmental 

perspective, this dissertation aimed to explore possible social-cognitive abilities that might be 

related to the emergence and development of our concern with the potential evaluation of others, 

herein referred to as evaluative audience perception.  
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To provide some background, I first review literature on reputational concerns in both 

adults and children and argue that the way in which reputational concerns has been studied in 

developmental research eludes the question of its ontogenesis. Importantly, I argue how 

evaluative audience perception — a novel concept that provides a new framework on the 

developmental origins of reputational concerns — emerges by the second year and is 

foundational to the development of reputational concerns. Following this broader theoretical 

introduction, I then discuss open questions and motivations for the present study and discuss how 

three specific social-cognitive capacities — including an objectified sense of self, theory of 

mind, and normativity — could underlie the development of evaluative audience perception. 

Lastly, a behavioral study testing this hypothesis in fifty-nine 14-27-month-old toddlers is 

reported and results are discussed in the context of plausible developmental models and future 

directions. 

Reputational Concern in Adults and Children  

In his seminal 1959 book The Presentation of Self in Everyday Life, sociologist Ervin 

Goffman describes the various strategies humans adopt to manage one’s image. Goffman uses 

the metaphor of a theatrical performance to describe individuals’ propensity to “act” in social 

interactions to manage their persona (Goffman, 1959). Since then, psychologists have 

documented adults’ reputation management through various reputational tactics, including 

ingratiation (Jones, 1964), conformity (Asch, 1956), and self-presentation (Baumeister, 1982).  

Though under different names, all of these constructs capture the significant effect of an 

audience on adult behavior. In public, compared to in private, adults tend to be more generous 

(Dana, Weber & Kuang, 2007), make riskier investments (Goulart, da Costa, Andrade & Santos, 

2015), or conform to a majority opinion, even if this opinion is blatantly wrong (Asch, 1956). 
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These findings index how individuals strategically modify their behavior to manage their public 

image, and ultimately their reputation.  

While there is ample evidence of reputation management in adults, it is not until recently 

that a handful of studies have explored when children begin to display reputational concerns. 

Converging evidence show that between the ages of 3 and 5, children’s reputational tactics begin 

to look quite similar to those of adults. In a replication of Asch’s (1956) classic study, Haun and 

Tomasello (2011) show that 4-year-olds, like adults, tend to conform to a majority opinion in 

public, but not in private. By five, children expect someone who is ostracized and seeking 

affiliation with a group to strategically engage in strong conformity (Cordonier, Nettles, & 

Rochat, 2018). Five-year-old children also tend to be more generous (Engelmann et al., 2012; 

Leimgruber, Shaw, Santos, & Olson, 2012), and cheat less in the presence of an observer 

(Engelmann et al., 2012). Various studies also suggest that by the end of the preschool years, 

children display sensitivity to reputational cues. For instance, when told that their peers thought 

positively about them, five-year-old children were less likely to cheat compared to when not 

primed with a reputational cue (Fu, Heyman, Qian, Guo & Lee, 2016).  

Other studies indicate that even three-year-olds may already be sensitive to reputational 

cues, sharing more when primed with eyes (Kelsey, Grossman, & Vaish, 2018) and being more 

likely to cheat when told they have a reputation for being smart (Zhao et al., 2017). By the age of 

6-8 years, children’s attempts at managing their reputation becomes more explicit. They manifest 

modesty, flattery, or tell white lies to portray a certain image of themselves (Heyman, Fu, & Lee, 

2008; Watling & Banerjee, 2007). In all, these studies suggest that from 3-4 years of age, 

children begin to be aware that their behavior is or might be evaluated by others. They start 



4 
 

making explicit efforts to manage their reputation and such efforts become increasingly 

sophisticated with development.   

Evaluative Audience Perception as the Foundation for Reputational Concerns 

Although current research captures when children begin to engage in reputational tactics, 

little is known about when and how reputational concerns might develop. Specifically, how does 

an infant — who seemingly does not care about the slobber on their face — develop into an 

individual who will spend resources to manage their image? One reason this question has 

remained largely unanswered is because researchers have used, as a benchmark, adult 

reputational tactics, including strong conformity and self-presentation, to investigate the 

development of reputational concern in children. This approach fails to address the ontogenetic 

development of reputational concerns, because adult reputational tactics entail higher-order 

cognitive processes, such as an advanced self-concept, a sophisticated understanding of social 

standards, and more importantly, an understanding that others’ judgements might have lasting 

social and affiliation consequences (i.e., being rejected; Rochat, 2010; 2018).  

To mitigate this issue and address the ontogenetic question of reputational concerns, it is 

important to reduce terms like reputation or self-presentation into their constitutive components. 

By analogy, and much like chemists who break down substances into elements to understand 

their fundamental properties, it is necessary for psychologists to find the essential components of 

reputation and self-presentation to capture how humans come to care about others’ evaluation. 

Accordingly, we attempt to reduce these terms by proposing that the two components of 

evaluative audience perception (EAP) — which include our understanding that others can and 

will evaluate our behavior, and consequently, the concern for the valence (positive versus 
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negative) of this potential evaluation —  are the necessary elements for the development of 

reputational concerns.  

As an illustration, consider an individual engaging in self-presentation. To do this, the 

individual either through words, behavior, or self-adornment tries to convey a particular image to 

others. However, for this behavior to be worthwhile, the individual must first understand that 

others can or will evaluate such behavior. Otherwise, there would be no need to engage in 

reputational tactics. Likewise, if the individual did not care about the valence of the potential 

evaluation, either positive or negative, then there would be no need to spend resources in 

managing their image, with adornment or by displaying more generosity when others are 

watching. The same logic applies to any form of reputation management, from wearing make-up 

to telling white lies; all of these require both the basic ability to see others as evaluators and the 

tendency to care about the valence of the potential evaluation. 

Following this rationale, we propose that the two components of EAP underlie 

reputational tactics, and therefore a child who engages in ingratiation, self-presentation, or shows 

reputational concern can do so because they have developed EAP. This proposal offers a 

different perspective on the study of the origins of reputation, as it shifts the focus from 

exploring when children begin to engage in adult reputational tactics, to exploring when and how 

infants begin to see others as evaluators of their own behavior. Such a perspective could 

elucidate the rudimentary prerequisites of reputation, and what allows for this human trait to 

emerge in development. 

Beyond providing a different developmental lens for the development of reputational 

concern, EAP might also address the reason behind our general concern with others’ evaluation. 

Some psychologists posit that humans care about reputation because it entails potential social 
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consequences (Leary & Allen, 2011; Tomasello, 2018). Indeed, someone who is considered 

generous is going to be more liked and accepted in a group than someone who is stingy. But 

what about instances in which there is no clear social consequences? For example, an individual 

might hesitate to take more than one free sample at the grocery store to not appear greedy. This 

scenario does not yield any direct consequences, yet the thought of being evaluated might drive 

such behavior. Accordingly, the development of EAP would serve as a basic heuristic guiding 

behavior across contexts. 

Along the same vein, it is important to distinguish between displaying EAP and behaving 

strategically to avoid punishment1. While in some instances, the concern for others’ positive or 

negative evaluations might be driven by the anticipation of potential positive or negative social 

consequences (such as gaining approval from others or being rejected), this concern cannot 

simply be driven by fear of punishment. Following our previous example, being more generous 

in public versus private is presumably not motivated by fear of being punished, but by a concern 

for how others might evaluate and respond to generosity (or lack thereof). In this case, being 

generous might actually be rewarded, although this consequence is not guaranteed. Unlike fear 

of punishment, EAP would capture the unique propensity to care about others’ potential 

evaluation, even in the absence of immediate positive or negative consequences.  

On the whole, evaluative audience perception provides a new framework to study the 

ontogenesis of reputational concern. Instead of focusing on adult reputational tactics, it strips the 

phenomenon to two rudimentary components, facilitating research with younger children. With 

this in mind, understanding when and how children begin to see others as potential evaluators of 

 
1 Following the literature, we define punishment as “the presentation of an aversive or the removal of a positive” 

stimulus to deter individuals from behaving in ways deemed unacceptable (Dadds & Salmon, 2003, p. 70). 
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the self would be the first step toward elucidating the foundation and development of 

reputational concerns in early childhood. 

Emergence of Evaluative Audience Perception in the Second Year 

Because we propose that EAP is the foundation for reputational concerns, EAP should 

presumably emerge prior to reputational concerns.  In support of this rationale, recent studies 

suggest that already by 24 months, toddlers are sensitive to how others might evaluate (respond 

or react) their behavior. Botto & Rochat (2018) tested 14-24-month-old infants to explore when 

children would begin to strategically modify their behavior when others are watching.  In a novel 

paradigm called the robot task, an experimenter showed 14-24-month-olds how to activate a toy 

robot by pressing a remote control and expressing either a positive (yay! Isn’t that great?) or 

negative (oh! Oops, oh no!) value. After this initial toy demonstration, the experimenter invited 

the child to play with the remotes, and then either watched the child (attentive condition) or 

pretended to read a magazine (inattentive condition). Across four studies, we found that toddlers 

tended to modify their behavior depending on whether the adult demonstrator was watching, and 

whether the adult had positively or negatively valued the remote action. In particular, when the 

adult was watching, children tended to activate the remote associated with a positive value 

significantly more. In contrast, if the adult previously expressed a negative value, children tended 

to wait until the adult turned her back to activate that remote.  

Note that this selective behavior occurred in the absence of a potential punishment, since 

children’s button-pressing behavior was never followed by an aversive consequence or any 

reprimand. If children’s behavior were motivated by a fear of punishment, then we would have 

expected children not to engage with the negative remote, regardless of the condition. However, 

this was not the case. This pattern of results also casts doubt on the possibility that children’s 
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behavior might be simply driven by a generalized positive or negative association with either 

remote. Again, children not only chose to play with the positive remote or avoid the negative 

remote across conditions but seemed to consider the experimenter’s reaction toward the remote 

and whether or not she was watching them.  

Further supporting this notion is that, when we removed the differential values from the 

remotes in a follow-up control study (i.e., we just simply said ‘oh wow’ after pressing either of 

the remotes), children’s button pressing behavior no longer differed across attentive versus 

inattentive conditions. That is, when the experimenter no longer expressed opposing opinions 

toward pressing either of the remotes, children no longer modified their button-pressing behavior 

depending on the attention of the experimenter. This provides strong support that children’s 

consideration of the experimenter’s expressed values in the previous studies drove strategic 

button-pressing behavior.  

In addition to demonstrating EAP by strategically modifying their behavior in the 

presence of others, other social-cognitive phenomena emerging in the second year further 

demarcate children’s increased concern with others’ potential evaluations. For example, by 18-

21-months,  children begin to show embarrassment in situations that might elicit an evaluation, 

such as seeing a mark on their face upon seeing their reflection (Lewis, Sullivan, Stanger, & 

Weiss, 1989), or when publicly failing in a task (Stipek, Recchia, McClintic, & Lewis, 1992). 

Toddlers also show rudimentary signs of conformity when passing the mirror mark test, leaving 

a mark on their forehead, if surrounding others also have the same mark on their forehead 

(Rochat, Broesch & Jayne, 2012). Eighteen-month-olds will also selectively imitate an adult who 

shows positive as opposed to negative emotions while modeling an action (Repacholi & 
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Meltzoff, 2007). Furthermore, it is around this age that children begin to manifest prosocial 

behavior, particularly if they are primed with social affiliation (Over & Carpenter, 2009).   

 In all, these other-regarding developments by the child’s second birthday reveal an 

increased concern with how others might respond to the child’s behavior, supporting the idea 

that by 24 months, children do demonstrate the two defining elements of EAP: (a) the tendency 

to implicitly assume that one’s behavior or appearance could be, or will be evaluated by others 

either positively or negatively; and (b) the default preference to elicit positive as opposed to 

negative evaluations (reactions or responses) from others. It is the combination of these two 

simple components that would serve as the bedrock for reputational concerns documented in the 

preschool years. An important follow-up questions is, what allows these two components to 

emerge? 

Cognitive Correlates of Evaluative Audience Perception 

As presented above, converging studies indicate that evaluative audience perception is 

evident by 24 months (Botto & Rochat, 2018; Over & Carpenter, 2009; Repacholi & Meltzoff, 

2007). What remains to be explored is, what cognitive capacities are necessary for children to 

become sensitive to the evaluation of others? Exploring this question using a developmental 

perspective is particularly advantageous because it allows researchers to apply an ‘inverse-

engineering’ approach to a particular phenomenon or cognitive capacity, like EAP.  A 

developmental framework presupposes that an ability does not simply appear without previous 

cognitive, physical, or emotional milestones (Damon, 1983; Lewis, 1992). With this framework 

in mind, certain cognitive capacities should theoretically be in place and potentially contribute to 

children’s ability to develop a concern for the evaluation of others (Botto & Rochat, 2019). 
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 Although studies have yet to investigate which cognitive capacities might be necessary 

for EAP, there are some theoretical and empirical evidence to suggest that three specific social-

cognitive capacities may be related to the emergence and development of EAP: an objectified 

sense of self, theory of mind (ToM), and normativity. I elaborate on each of these cognitive 

abilities below.  

Objectified Sense of Self 

A critical development observed toward the end of the second year is passing the mirror 

mark test. Originally studied by Amsterdam (1972), the mirror mark test probes for mirror self-

recognition in young children, which has become the litmus test for explicit (i.e., conceptual) 

self-awareness (Bard, Todd, Bernier, Love, & Leavens, 2006; Gallup, 1970; Lewis & Brooks-

Gunn, 1979; Lewis et al., 1989; Rochat, 2003). In this paradigm, the experimenter surreptitiously 

marks the infant with rouge and then shows them their reflection in the mirror. The idea is that if 

children have a self-concept (i.e., an idea of what they look like and who they are), then they will 

notice that the mark seen on the reflection is actually a mark on themselves and proceed to 

remove it. 

While the mirror mark test has been widely used to test for a self-concept in the second 

year (18-21 months), its interpretation is controversial. A lean interpretation would suggest that 

the mirror mark test simply shows that the child can match their own kinesthetic image to their 

reflection (Mitchell, 1997; Suddendorf & Butler, 2013). Indeed, several other mammals have 

passed a version of the mirror mark test, including great apes and elephants (Anderson & Gallup, 

2015; Plotnik, de Waal & Reiss, 2006). However, a richer interpretation of the mirror mark test 

posits that children who pass it, understand the self to be an entity that is not only perceivable to 

the self, but importantly, perceivable to others. This recognized self in the mirror would thus be a 
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public self that could be potentially evaluated by others, therefore the expression of an 

“objectified” sense of self (Rochat, 2013).  

Support of this richer interpretation lies in children’s display of self-conscious emotions, 

including embarrassment, when passing the mirror mark test. Displaying embarrassment is 

critical for understanding the psychological state of 18- to 21-month-olds, because unlike other 

emotions, embarrassment occurs almost exclusively in the presence of a real or imagined 

audience. When highlighting the difference between guilt, shame and embarrassment, Tangney 

et al. (1996) state that embarrassment entails “a sense of exposure and a heightened concern for 

others’ judgments of the self” (p.1263). In other words, embarrassment places an emphasis on 

the audience, and how the audience might respond to ones’ behavior. Interestingly, 18- to 24-

month-olds who pass the mirror mark test, are also more likely to display embarrassment in 

situations that might elicit potential evaluations, such as when asked to dance or when they were 

given compliments (Lewis et al., 1989).  

With the emergence of mirror-self recognition and self-conscious emotions, 18- to 21-

month-old children also begin to use personal pronouns referring to the self, such as “me” or 

“mine” as opposed to “yours” (Lewis & Ramsay, 2004), and adjectives (“pretty” or “yucky”; 

Stipek, Gralinski & Kopp, 1990). That is, children begin to describe themselves to others, and 

use words that are relative to something else or relative to another (e.g. mine instead of yours; 

pretty instead of ugly). Together, this evidence suggests that when children pass the mirror mark 

test, they do not simply have a solipsistic representation of themselves; instead, they also have an 

objectified view of themselves that would include the concept of what they look like in relation 

to others. 
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With this definition in mind, a potential pre-requisite of EAP could be the development 

of an objectified sense of self. In theory, to develop EAP, children should understand that they 

are an observable (objectified) entity in the environment that can be perceived and therefore be 

potentially evaluated by others. To probe this hypothesis, the present study measured an 

objectified sense of self in toddlers using mirror-self recognition and personal pronoun use, to 

explore whether this cognitive ability might predict the emergence of evaluative audience 

perception.  

Theory of Mind 

Theory of mind — which is the ability to construe another’s mental states, including their 

perspective, desires, goals, and beliefs — is a critical dimension of social cognition and social 

functioning. Indeed, individuals with theory of mind deficits, including individuals with autism, 

have trouble communicating with others, establishing social relationships, and understanding 

others’ behavior (Baron-Cohen, 2000). Because of the key role that theory of mind plays in 

social development, much research has investigated how children begin to understand others’ 

mental states (i.e., when they develop a capacity for theory of mind; Wellman & Liu, 2004). 

While the bulk of research has primarily focused on when children begin to understand that 

others can hold false beliefs (Flavell, 1999; Wimmer & Perner, 1983), research has recently 

begun to uncover its antecedents. These include infants’ ability to perceive others as intentional 

agents, their understanding of pointing, and their understanding that others can have desires that 

differ from their own.  

The pioneering work of Woodward (1998) indicated that infants conceive intentions in 

others by 6 months. Using a violation of expectation paradigm, Woodward tested infants’ 

understanding of intentional actions by familiarizing them to either a human hand or a robot 
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hand reaching repeatedly for one of two objects (e.g., a ball instead of a teddy bear, 

counterbalanced across participants). This scenario established that the hand’s goal was to reach 

for that particular object. After this familiarization phase, the objects changed position and the 

infants were then shown two test trials: in one of the test trials, the agent or robot hand remained 

consistent with its goal and reached for the ball, even though the ball’s position —  and thus the 

previous trajectory of the hand —  had changed. In the other test trial, the human or robot hand 

followed the same trajectory, but consequently reached for the other toy.  Results indicated that 

6-mont-old infants reliably expected a human, but not a robot’s hand, to behave according to 

their previously established goals. That is, they looked longer (indicating a violation of their 

expectation) when the hand would follow the same trajectory but reached for the teddy bear, 

because they expected that hand to continue following its goal to reach for the ball.  

Using a more explicit method, studies have also shown that around 12 months, infants 

will respond appropriately to another’s pointing gesture, looking toward the object and giving 

that person the object that they are requesting (Carpenter, Nagell, & Tomasello, 1998). This 

capacity to understand another’s’ imperative pointing further indicates that infants construe 

another’s pointing as meaning that the person desires that object (but see D'Entremont & 

Seamans, 2007 for an alternative interpretation). Converging evidence support this interpretation, 

demonstrating that between 6 to 12 months, infants see others as intentional agents with goals 

and desires (see Baillargeon, Scott, & Bian, 2016 for a review). 

By 15 months, children’s understanding of others’ desires becomes increasingly 

sophisticated. Repacholi and Gopnik (1997) developed the Desire Task to explore when children 

begin to understand that others’ desires can differ from that of their own, the first step on 

Wellman & Liu’s canonical theory of mind scale (Wellman & Liu, 2004). The authors presented 
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two groups of 14- and 18-month-olds with two different types of food: crackers and broccoli. In 

one group, the experimenter displayed a positive response to tasting the crackers, the food that 

most children preferred. In the other group, the experimenter expressed a positive response to 

tasting the broccoli, a food that the children did not prefer. After this demonstration, the 

experimenter would push both foods toward the child and hold her palm up to request one of the 

foods. The authors reasoned that if children understood that others can have different desires 

than that of their own, and that others’ expressions towards an object match their internal desires, 

children should give the experimenter the food that had received a positive response, regardless 

of the child’s own food preference. The authors found that by 18 months, toddlers would reliably 

give the experimenter her preferred food, suggesting that infants not only understand that others 

can have desires that differ from that of their own, but also that desires and opinions are reflected 

in behavior.   

It is important to note that, on their own, the aforementioned studies do not necessarily 

provide evidence for a theory of mind in infancy; it is possible that these tasks are driven by 

associations, and thus children need not infer mental states in these tasks. However, various 

longitudinal studies show that infants’ performance on these tasks (i.e., diverse desire, pointing) 

predict performance in more explicit theory of mind tasks at 3 to 4 years of age.  Colonnesi and 

colleagues (2008) found that understanding another’s imperative pointing at 12 months predicted 

perception understanding at 3 years of age, even after controlling for verbal IQ (Colonnesi, 

Rieffe, Koops, & Perucchini, 2008). Another longitudinal study echoed this finding, showing 

that the understanding of imperative pointing is related to the development of theory of mind 

(Phillips, Wellman, & Spelke, 2002). Numerous other studies have also shown that implicit 

measures using anticipatory looking to index goal and desire understanding in infancy also 
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predict theory of mind understanding at 4 years of age (Sodian et al., 2016; Thoermer et al., 

2012; Wellman, LopezDuran, LaBounty, Hamilton, 2008). Such results indicate that, at the very 

least, these abilities emerging early in the first two years are rudiments of a theory of mind.  

Lastly, research on the relation between children’s theory of mind capabilities and their 

likelihood to perform in front of an audience suggest that theory of mind may be important for 

the development of EAP. Chaplin and Norton (2015) explored the relation between performance 

in theory of mind tasks and children’s propensity to perform in front of others. The researchers 

hypothesized that because theory of mind involves being sensitive to others’ beliefs and adopting 

their perspectives, children performing better in theory of mind tasks might also be less likely to 

perform in the presence of an audience to avoid social evaluations. To probe this hypothesis, the 

researchers tested 3- to 12-year-olds in three theory of mind tasks and asked the children to 

choose from one of two options: dancing (performing) or coloring (not performing). Results 

showed that the better the child performed in theory of mind tasks, the less likely they were to 

perform in front of the experimenter.  In other words, children’s developing concern for how 

others might evaluate them was related to their theory of mind abilities.  

Likewise, research shows a link between theory of mind abilities and children’s 

propensity to cover-up a transgression as a possible attempt to manage their public image and 

reputation (Talwar & Lee, 2008). For example, the tendency of 2- and 3-year-old children to 

engage in intentional deception (i.e., to lie), positively correlates with their performance on 

executive function and theory of mind tasks (Evans & Lee, 2013; Talwar & lee, 2008). One 

interpretation of this finding is that young children’s concern with how others might evaluate 

them (i.e., EAP), as indexed here by their attempt to cover up a transgression, could be tied to 
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mental state understanding. Together, these studies provide indirect evidence for the link 

between theory of mind and the concern for potential social evaluations. 

In sum, infants early in the second year show that they understand that others have goals, 

intentions and desires. Not only do they perceive others’ behavior as intentional and goal 

directed, they also understand that others might hold different opinions and desires from their 

own. In theory, this ability would be a prerequisite for the development of evaluative audience 

perception. That is, for children to exhibit EAP, they should see others as evaluators, and 

understand that others can experience and evaluate things in the world in ways that might differ 

from their own experience2. To explore the relation between theory of mind and EAP, we tested 

toddlers in tasks aimed to measure an implicit theory of mind, including an imperative pointing 

task and Repacholi & Gopnik’s (1997) diverse desires task. 

Normativity 

Researchers have argued that children younger than 3 years of age lack the cognitive 

capacities necessary to perceive others as evaluators of their own behavior. For example, Lewis 

(1992) posits that children must first develop sensitivity to norms, which are thought to develop 

in the preschool years, to see others as evaluators of the self. Norms are defined as the collective 

values within a society (“what ought to be”), or a standard (“what is;” Kallgren, Reno & Cialdini 

2000, p. 1002). Echoing the presumed relation between norm understanding and sensitivity to 

others’ evaluations, Rakoczy and Schmidt (2012) state: 

Norms set standards of correctness and appropriateness, thus guiding participants' 

actions in social practice and serving as reasons for justifications and as grounds for 

 
2 I’d like to further highlight the important difference between theory of mind and evaluative audience perception. 

Theory of mind simply entails the appreciation of mental states, including desires, beliefs, and intentions. Evaluative 

audience perception goes a step beyond a theory of mind, because it entails an appreciation for the valence of these 

mental states (positive or negative) and how these mental states relate to the self. 
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critique… This means that a given norm can figure as both a reason for acting and 

grounds for evaluating and criticizing others' acts. (p. 17)  

Thus, becoming normative means that the child can recognize others’ standards and 

values (what ought to be), and that these values can serve as a basis for potential evaluations.  

Although some theorists have proposed that normativity is not evident until the age of three 

(Lewis, 1992), Kagan’s research on norm understanding and Stipek’s studies on self-evaluation 

suggests that normativity is evident by 24 months (Kagan, 1981; Stipek, Gralinski, & Kopp, 

1990; Stipek et al., 1992). In his research, Kagan (1981) found that by 18 months, children can 

readily identify standards. For example, in his study, 18-month-olds would point out 

discrepancies with objects when they were misplaced or broken, showing they had a standard of 

how certain objects ought to be. From 15 to 18 months, infants would also display distress when 

an experimenter demonstrated a skill, such as feeding a stuffed animal, that they considered to be 

above their own competence. In particular, when the experimenter showed a skill that was above 

the child’s perceived competence, the child would avoid imitating the skill and cry or cling to 

their mother (Kagan, 1984). Kagan interpreted the child’s reaction as an indication that children 

could evaluate their own competence in relation to standards, and distress in these situations 

signaled "anxiety to possible task failure" (Kagan, 1984, p. 60).  

Further empirical support for Kagan’s interpretation comes from Stipek et al.’s (1992) 

seminal work on self-evaluation. Self-evaluation, which is evident by 24 months, requires a 

judgement of one’s behavior or competency based on norms (Stipek et al., 1992).3 In one 

specific study, the researchers showed 24 to 42-month-old children a clear fail/success task 

 
3 Note that self-evaluation differs from being sensitive to others’ evaluations — self-evaluation does not need the 

perceived evaluative presence of others (i.e., an evaluative audience perception). As an illustration, a child can look 

at a picture they drew and evaluate their own skills at drawing (self-evaluation) without considering how others will 

perceive his or her drawing skills (evaluative audience perception). 
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where the experimenter asked the child to build a tower within a certain time frame. The 

researchers were interested in children’s manifestations of self-conscious emotions in situations 

where the child failed because, if children could self-evaluate their own outcome in a task (i.e., 

whether they failed or succeeded in building the tower), then the child should display different 

emotions (i.e., happy vs. embarrassed) depending on the outcome. Indeed, the data showed that 

by 24 months, children evaluated their outcome differentially, displaying embarrassment and 

gaze aversion when their outcome was a “failure,” but smiling and looking at the experimenter 

when succeeding at constructing the tower. Importantly, this emotional distinction was absent 

when the experimenter, as opposed to the child, failed or succeeded at building the tower, 

suggesting that the results did not simply indicate reactions to building the tower. Interestingly, 

the data contradicted the researchers’ initial hypothesis as, like Lewis, they did not expect 

children younger than 3 years to show self-evaluative emotions. The authors state:  

Although we had not expected to see avoidance behaviors in children younger than 42 

months, no age differences were in fact observed in any of these behaviors. Rather, 

attempts to avoid eye or face-to-face contact with the experimenter by turning either the 

head or the whole body away were observed more frequently in the failure condition 

among children in all age groups, and body posture was, on average, more "closed" 

following failure than following success. (p. 58)  

Going against their original hypothesis, even the youngest of children showed that they 

were able to evaluate their own competence at making the tower. This suggests that children 

understood the norm of success versus failure, indicating that sensitivity to norms is indeed 

evident by a child’s second birthday (Stipek et al., 1992). 
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In addition to being able to self-evaluate, children also begin to use evaluative words, 

such as pretty, little, or good, by 24 months. Regarding the meaning and implications of self-

evaluative words, Stipek, Gralinski and Kopp (1990) state 

Self-description and self-evaluation precede, to some degree, emotional responses to 

wrongdoing, in part because children must understand that adult disapproval is directed at 

them, not at the act or the consequences of the act. Describing the self with evaluative 

language may be evidence that the child understands that he or she has not only a 

physically distinct self but also a self that can be evaluated positively or negatively. (p. 

976).  

Lastly, the tendency toward overimitation — the overly faithful reproduction of an action 

—  further indicates normative understanding in the second year, because it shows that infants 

are attuned to the way things ought to be done. For instance, by 14 months, children will 

meticulously reproduce an action, even if such action is blatantly inefficient or causally 

irrelevant to a particular goal (Call, Carpenter, & Tomasello, 2005; Clay & Tennie, 2018). 

Researchers consider overimitation an important developmental milestone not only because it 

entails normativity and the need to understand the way things ought to be done, but also because 

it serves as a pro-active mark of affiliation, or in other words, “I am part of the group” (Over & 

Carpenter, 2012; Nielsen & Blank, 2011; see Hoehl et al, 2019 for review).  This is evident in the 

fact that toddlers, for example, will overimitate an action significantly more if the adult who did 

the overimitation is present, highlighting the role of the social partner in overimitation (Nielsen 

& Blank, 2011). Fourteen- to 18-month-olds will also overimitate an actor if the action was 

intentional (Carpenter, Akhtar & Tomasello, 1998; Meltzoff, 1995). Thus, older infants are 
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increasingly selective in their overimitation tendency; they not only pay close attention and 

reproduce another’s’ action, but also consider the context and the actor.  

In all, evidence points to the fact that children show signs of normative understanding by 

the second year. Like Lewis states, normativity should indeed contribute to children’s ability to 

see others as evaluators, since children need to understand that there are shared expectations and 

values placed on certain behaviors that could serve as the basis for potential evaluations. To test 

this hypothesis, we had children participate in normativity tasks, including overimitating 

arbitrary actions on a toy and following a particular color sequence when building a tower, to 

investigate the relation between normative understanding and evaluative audience perception.  

Summary 

Based on the literature reviewed above, as well as the two defining components of 

evaluative audience perception, children should have at least three specific social-cognitive 

abilities for EAP to emerge: First, children need to construe themselves as an entity that others 

can see and therefore potentially evaluate (objectified sense of self). This ability is evident 

toward the end of the second year, as indexed by the passing of the mirror mark test, use of 

personal pronouns, and self-conscious emotions. Second, children should also have a basic 

understanding that others can perceive and evaluate things in the environment if they are to 

assume that others can evaluate their behavior (theory of mind). Numerous studies show that 

between the ages of 12-15 months, children develop rudiments of a theory of mind, construing 

others as intentional agents with desires that differ from that of the child. Lastly, children should 

also have normative understanding, as norms serve as the basis for potential evaluations 

(normativity). Children’s sensitivity to norms and standards, as well as their tendency to 

overimitate, is also evident by 24 months. On the whole, the combination of these three social-
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cognitive abilities, which emerge by the child’s second birthday, would be pre-requisites for the 

emergence of evaluative audience perception. 

The Present Study 

Recent studies indicate that children begin to develop evaluative audience perception by 

24 months (Botto & Rochat, 2018; Over & Carpenter, 2009; Rochat, Broesch & Jayne, 2012). 

However, we know surprisingly little about how this ability emerges and develops in early 

childhood (Silver & Shaw, 2018). As discussed in the previous section, there is some theoretical 

and empirical evidence to suggest that particular social-cognitive abilities, including an 

objectified sense of self, theory of mind, and normativity, might be potential building-blocks for 

the emergence and development of EAP. However, this conjecture has not been empirically 

tested. As a first step to address this gap in the literature, the primary goal of the present study 

was to explore whether the combination of an objectified sense of self, theory of mind, and 

normativity are related to the emergence of evaluative audience perception in 14- to 27-month-

old-toddlers. Specifically, we wanted to test the idea that, independent of other factors, such as 

the child’s temperament, language fluency, and general cognitive competency, children’s 

manifestation of these three social-cognitive competencies would be the best predictor of EAP.  

As a measure of evaluative audience perception, we used Botto & Rochat’s (2018) robot 

task, which measures children’s propensity to strategically modify their behavior depending on 

the experimenter’s attention and her previously demonstrated values. In particular, we measured 

children’s choice to activate a toy-robot via a remote control in two different situations:  in one 

situation, two experimenters expressed opposing opinions (‘yay’ vs. ‘yuck’) toward pressing the 

remote and activating the toy robot. In the other situation, one experimenter expressed a positive 

and negative value towards pressing two different remotes. The purpose of incorporating the two 
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robot tasks was to not only have a more accurate measure of the emergence of EAP, but also to 

test the reliability of these two EAP tasks within participants. 

To measure an objectified sense of self, theory of mind, and normativity, we chose six 

specific tasks (two for each social-cognitive ability) that met three important criteria: The first is 

that each task was age appropriate and yielded enough variability (Amsterdam, 1972; Call, 

Carpenter & Tomasello, 1998; Lewis & Ramsay, 2004; Nielsen, 2006; Repacholi & Gopnik, 

1997). The second is that, within each social-cognitive ability, the two tasks measured the same 

construct (Colonnesi et al., 2008; Hilbrink et al., 2015; Kenward, 2012; Lewis & Ramsay, 2004; 

Thoermer et al., 2012). For example, the mirror mark test and personal pronoun use have been 

used to index an objectified sense of self and the two tasks have been shown to be related (Lewis 

& Ramsay, 2004; Stipek et al., 1992). The last criterion was that the chosen tasks predict 

performance within that particular social-cognitive ability over the course of development. For 

example, several studies indicate that imperative pointing understanding at 12 months is predictive 

of theory of mind understanding at 4 years, (Carpenter, Akhtar & Tomasello, 198l; Colonnesi et 

al., 2008) This provides further evidence for the tasks’ validity (Kenward et al., 2011; Kristen-

Antonow et al., 2015; Sodian el al., 2016).  

Based on these three criteria, we measured an objectified sense of self by testing for 

mirror self-recognition and asking parents to document the child’s use of personal pronouns. As 

a proxy to children’s theory of mind ability, we measured children’s imperative pointing 

understanding and their understanding of another’s desires using Repacholi & Gopnik’s (1997) 

desires task. Lastly, we measured children’s normativity by measuring their norm sensitivity and 

their overimitation tendencies. To measure norm sensitivity, we adapted Clegg & Legare’s 

(2016) necklace task, which measures children’s propensity to reproduce a particular color 
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sequence previously demonstrated by the experimenter. Due to our sample’s age-range, we used 

an age-appropriate toy tower instead of a necklace (see Method). Following the literature, we 

measured overimitation by documenting whether children would faithfully reproduce a modelled 

arbitrary action (i.e., banging toy kaleidoscope three times before looking through it).  

In addition to measuring the three social-cognitive competencies, we also measured 

children’s language and spatial ability, their temperament, and the caregiver’s level of self-

consciousness. The reason for including these additional measures were twofold: first, we 

wanted to explore whether these other factors might also be related to the emergence of EAP. 

For instance, it is reasonable to think that children’s level of shyness or inhibitory control might 

be related to their button-pressing behavior in the robot task. Indeed, if children’s inhibitory 

control is low, then they might not show EAP because their ability to be strategic in their button-

pressing behavior would be diminished. Along the same vein, research has shown that parental 

characteristics and behavior can affect the development of social-cognitive phenomena (Moeller 

& Schick, 2006; Newton et al., 2014; Vaughan et al., 2003). Therefore, the caregiver’s own level 

of self-consciousness could be related to children’s expression of EAP. 

The second reason for including these measures was to further probe the idea that the 

combination of the three-specific social-cognitive abilities proposed here is the best predictor of 

EAP. If this is the case, then we would not expect other more general cognitive abilities, such as 

language or spatial ability, to be significant predictors of EAP.  Therefore, these measures not 

only allowed us to have a more comprehensive picture of factors that might be related to EAP’s 

emergence, but it also served as control measures to better test our hypotheses.   

To account for these factors, parents completed questionnaires that measured their public 

self-consciousness, the child’s temperament, and the child’s vocabulary competency. To have a 



24 
 

more comprehensive measure of temperament, we also coded for behavioral inhibition, which is 

a child’s propensity to be withdrawn or slow to warm-up in new situations (Kagan et al., 1984).  

Lastly, we adapted Huttenlocher et al.’s (1994) spatial task, which measures children’s ability to 

find a hidden toy in a three-dimensional space, as a measure of a more general cognitive ability. 

On the whole, the aim of this study was to serve as a critical first step to explore potential social-

cognitive pre-requisites to EAP.  

Hypotheses 

 Based on the literature regarding possible links between an objectified sense of self, 

theory of mind, normativity and EAP, as well as our previous work on EAP, we had three 

working hypotheses. The first hypothesis, which is the crux of this dissertation, is that the 

combination of an objectified sense of self, theory of mind and normativity would predict the 

emergence of evaluative audience perception in 14- to 27-month-olds. In particular, we expected 

children who displayed all three social-cognitive abilities to also be more likely to strategically 

modify their button-pressing behavior across conditions of the robot task. Our second hypothesis 

was that, as in our previous studies (Botto & Rochat, 2018), age would not be a significant 

predictor of EAP as indexed by button-pressing behavior in the robot task.  Lastly, and in line 

with our first hypothesis, we did not expect other more general cognitive abilities, such as 

children’s spatial ability, to predict EAP. That is, we did not expect children’s performance in the 

spatial task to predict strategic button pressing in the robot task. Together, these three hypotheses 

aimed to test the idea that, even when accounting for maturation (age) or general cognitive 

competency (spatial ability), the combination of the three proposed social-cognitive abilities 

would be the best predictor of EAP in toddlers.  
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Method 

Participants  

Fifty-nine 14- to 27-month-old (M = 20.8, SD = 4.4; 37 females) healthy children living 

in a large urban city participated in this study. All participants were recruited from the Emory 

University Child Study Center database. An additional 4 children participated but were excluded 

from analysis due to fussiness (n = 3) or parental interference (n = 1). Sample size was pre-

determined using G*Power 3.1 analysis, which determined that 60 participants were needed to 

achieve 85% power and a medium effect size (Faul, Erdfelder, Lang, & Buchner, 2007). The 

sample consisted of 61.7% Caucasian, 15% mixed-race, 8.3% African American, 6.7% Asian, 

and 1.7% Latino children. Approximately 85% of parents reported having a college degree. All 

participants attended one testing session with two experimenters (E1 and E2) and participated in 

all of the tasks. This study was approved by the Emory University Internal Review Board under 

the project name Origins of the Intentional Stance (Study Number IRB00041083). 

Measures and Procedure 

General Procedure and Experimental Room set-up 

All testing sessions were video recorded for coding purposes using a total of six small 

video cameras from different angles. The testing room was divided into two sections by a curtain 

with three cameras on each side (See Figure 1). For the first part of the session, one camera faced 

E1, the child and caregiver while they were sitting on the floor, a second camera was positioned 

for an aerial view, and the third camera was placed behind a two-way mirror. For the second part 

of the session, one camera was placed on a table behind the child, a second camera was 

positioned behind the experimenters to the left of them, and the third camera was positioned 

behind the experimenters between them. These angles gave an unobstructed view of the child’s 
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behavior, as well as a close-up view on the child’s face to code gaze and behavior. Both of the 

cameras that were located behind the experimenters did not have the experimenters in the frame 

to allow the coders to be blind to conditions. To control for the appearance of E1 and E2, both 

researchers were Caucasian brunettes, wore their hair up, and wore either a blue or orange scrub 

(color of the top was counterbalanced across participants).  

 Before the testing session began, the experimenters interacted with the participant outside 

of the testing room for five minutes to get them comfortable and familiarized with the 

experimenters. This five-minute warm-up period also served as an opportunity to code for 

children’s level of behavioral inhibition (see Coding below). After the warm-up period, the 

experimenters brought the caregiver and the child into the testing room. To prevent parental 

interference, the caregiver was given a pair of sunglasses to wear at the beginning of the study 

and was asked to remain quiet and neutral for the duration of the testing session.  

The caregiver was instructed to sit on a marked spot on the floor with the child in their 

lap facing E1. Once the child sat down, E1 stated “You are so cute!” and surreptitiously marked 

the child with odorless purple eyeshadow to use for the mirror mark test later in the session. 

Marking the child at the beginning of the session minimized the chance that the child would 

notice being marked and allowed coders to document any self-directed behavior that would 

indicate the child noticed being marked (see Coding for details).  

Following the short warm-up period, all participants completed the seven cognitive tasks 

in the same sequential order4 (See Figure 2). The measures and procedures for each task is 

described below, following the order in which they were presented to the child participants 

 
4 The order of tasks was decided based on piloting to optimize the child’s engagement. Further, there was no 

evidence in the literature to suggest that the order of tasks would influence performance across tasks.  
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during the testing session. Details for passing criteria for each task can be found in the Coding 

section (see Table 1 for summary of measures and coding criteria). 

Imperative Pointing Task (theory of mind) 

The first task presented to children was the imperative pointing task, a theory of mind 

task that measures children’s understanding of intentionality based on the experimenter’s point 

and gaze (Carpenter, Nagell, & Tomasello, 1998; Colonessi et al., 2008). To begin the task, E1 

presented the child with a stuffed lion and a toy car to engage the child. After the child engaged 

with the toys for two minutes, E1 turned her head to the left, pointed to a 7.62 cm pink bendable- 

vinyl toy pig that was 180 cm away from her, and exclaimed, “Look! What’s that?” After the 

child looked at the toy pig and back at the experimenter, the experimenter opened her palm and 

tried to reach toward the toy. Passing the imperative pointing task meant that the child inferred 

E1’s desire for the pig based on her gazing and pointing, and thus the child should respond to 

E1’s gesture by retrieving the toy pig. If children did not respond initially, the experimenter 

repeated her hand gestured a maximum of two more times, and asked, “Can I have it?” In cases 

where the child gave the pig to the experimenter, E1 thanked the child and put the toy away. 

Diverse Desires Task (theory of mind) 

Following the imperative pointing task, children participated in Repacholi & Gopnik’s 

(1997) diverse desires task, the second theory of mind task. In this task, children’s understanding 

of another’s desire is measured by probing whether children will give the experimenter her 

preferred food, even if that food is not preferred by the child. Unlike Repacholi & Gopnik’s 

original paradigm, we opted to use toy foods as opposed to real food, because research suggests 

that perceptual features (i.e., the fact that real food might be tempting to eat) may interfere with 

task performance. Therefore, using symbolic stimuli would boost task performance in the desires 
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task (Carlson, Davos & Leach, 2005).  For the two food options, a 7.6 cm toy cookie and a 7 cm 

toy broccoli were placed in a 26 x 15.25 cm transparent box with no lid. The box allowed for the 

two foods options to be the same distance away from each other as well as the child during the 

task (placement of broccoli and cookie was counterbalanced across participants). To show 

children the food options, E1 picked-up one of the toy foods (order was counterbalanced across 

participants) and said “Look! There is broccoli/cookie” while pretending to eat the food and then 

repeated the process with the other toy food. After demonstrating both toy foods, E1 placed to 

box near the child and asked, “Which one do you like? Pick one!” After the child picked his or 

her preferred food, E1 stated, “Let me show you which one I like. I like broccoli/cookie!” E1 

picked the toy food that was not selected by the child and pretended to eat it while saying “mmm 

I love broccoli/cookie!” After, the experimenter placed her preferred food back in the box, she 

grabbed the child’s preferred food, and stated, “I don’t like broccoli/cookie! Yuck, 

broccoli/cookie!” After this demonstration, E1 pushed the box toward the child and stated “I’m 

hungry. Will you give me one to eat?” while rubbing her stomach with the left hand and 

extending her right palm toward the child. If the child did not respond, E1 repeated, “I’m hungry. 

Will you give me one to eat?” a maximum of two times. Passing the desires task entailed the 

child giving E1 her preferred food. After the child made their selection, E1 put the foods away. 

Mirror Mark Task (objectified sense of self) 

To test for mirror self-recognition, children were surreptitiously marked on their nose 

with a bright purple, odorless play eyeshadow at the beginning of the study, and were later 

shown their reflection on a 91.5 x 51 cm two-way mirror. The two-way mirror allowed us to 

place a hidden camera directly behind it, allowing coders to have an unobstructed view of the 

child’s reaction (i.e., touching mark on face) when looking directly at their reflection. So that 
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children could not see their reflection prior to the mirror mark test, the mirror was covered with a 

black cloth. When it was time for the mirror-mark test, E1 showed the child a yellow ball and 

placed it in front of the covered mirror to entice the child to stand in front of the mirror. E1 then 

asked the child, “Can you come get the ball?” Once the child reached for the ball in front of the 

covered mirror, E2 lifted the black cloth to reveal the two-way mirror. After 30 seconds, E1 

pointed to the child’s reflection and as a prompt said, “Who is that?” a maximum of three times. 

The task lasted a maximum of three minutes, or until the child touched the mark on their face, 

which signified successful mirror self-recognition.  

Robot Task 1 (evaluative audience perception) 

To measure evaluative audience perception, we used two versions (robot task 1 and 2) of 

Botto & Rochat’s (2018) robot task. The robot task measures children’s propensity to 

strategically modify their behavior depending on the experimenter’s attention and her previously 

demonstrated values.  For Robot Task 1, we used a 13 x 13 cm red circular toy robot that could 

be activated by a remote control. The toy robot was placed inside a 30.5 x 28 cm blue box that 

was placed on its side, and the remote control was placed in front of the box. E1 and E2 sat side 

by side, opposite the child who was sitting across a table on their caregiver’s lap (see Figure 1). 

During the demonstration phase, E1 picked-up the remote, said “Look!” and pressed the remote. 

After the robot moved, E1 offered a positive feedback by smiling and saying “Yay! The toy 

moved!” This was repeated twice. E2 then picked up the remote and repeated the same process 

as E1, but expressed negative feedback after the toy moved, frowning and stating, “Yuck! The 

toy moved!” The full demonstration was repeated twice.  

After the full demonstration, E1 and E2 placed their hands on the remote and pushed it 

towards the child simultaneously while saying, “Your turn!” to invite the child to interact with 
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the remote. E1 (positive feedback) proceeded to turn around 180 degrees while E2 (negative 

feedback) faced the child for 30 seconds (negative-attentive condition). After 30 seconds, E1 and 

E2 switched so that E1 (positive feedback) was facing the child and E2 (negative feedback) 

turned her back (positive-attentive condition).  In this way, the child always had an experimenter 

watching while they interacted with the remote, but the type of experimenter (positive versus 

negative feedback) changed between conditions. The feedback that E1 and E2 gave, the order the 

negative and positive feedback were presented to the child, and which experimenter turned 

around first were all counterbalanced across participants. The amount of button-presses across 

both conditions (negative-attentive and positive-attentive) was later coded by research assistants 

using an event recording software (see Coding below). 

Overimitation Task (normativity) 

 After children completed the first robot task, we measured the child’s propensity to 

overimitate arbitrary actions on an object. For the object, we chose a 15.2 cm blue toy 

kaleidoscope (i.e., cylinder with beads on one end). To model the arbitrary action,  E1 picked-up 

the kaleidoscope, banged it slowly on the table 3 times (arbitrary action) and then proceeded to 

look through it while saying “wow!” This sequence was repeated three time. After the 

demonstration phase, E1 placed the kaleidoscope in front of the child and said, “Your turn!” The 

child was allowed to interact with the kaleidoscope for 60 seconds. Children’s propensity to bang 

the kaleidoscope at least once before looking through it counted as overimitation.  

Tower Task (normativity) 

As a second measure of normativity, we used a novel paradigm called the ‘tower task’. 

Adapted from Clegg and Legare’s (2016) necklace-making task, the tower task aimed to measure 

faithful reproduction of stacking colorful rings based on a size and color sequence previously 
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shown to the child. Because we used a stacking-ring toy that was commercially available, we 

replaced the typical conical pole for a straight 28 cm pole to ensure that the child would not stack 

the rings based on fit, but rather based on the order shown by the experimenter. At the start of the 

demonstration phase, E1 drew the child’s attention to the correctly stacked tower. E1 then 

removed the rings form the pole and placed the rings in a randomized order in a clear box and 

stated, “Let’s see if we can put this back together.” E1 proceeded to pick-up the largest ring, 

show it to the child, and said, “We get the blue one,” placing it on tower. E1 then repeated the 

same motion with the second largest ring. To highlight that there was a particular order, E1 

picked- up the smallest ring, showed it to the child and stated, “do we get the red one?” After 

placing it on the pole, she exclaimed “Nope! That’s not right,” while shaking her head side to 

side. E1 then proceeded to slowly build the tower from smallest to largest, carefully showing the 

child each ring before placing it on the tower.  

After E1 completed the demonstration of how to properly stack the ring tower, E1 

pointed to the finished tower, said, “Look!” in order to again draw the child’s attention to the 

finished tower and then said while clapping, “Yay! I did it right!” While pointing to the child, E1 

said, “Can you do it?” E1 then placed the rings back into the clear box in a randomized order and 

then pushed the box and the empty tower pole closer to the child stating, “Your turn!” If the 

child failed to follow the correct order sequence, the experimenter shook her head from side to 

side and stated “that’s not right” after the child had finished stacking all of the rings. The 

experimenter then proceeded to do the demonstration again, giving the child another opportunity 

to follow the correct size and color sequence. Children who followed the correct color sequence 

on either trial (first or second time) counted as passing the tower task.  

Robot Task 2 (evaluative audience perception) 
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Following the tower task, children participated in the second robot task (one 

experimenter and two remotes). The same materials that were used for Robot Task 2, with the 

exception that this task used two 13.5 x 9 x 2 cm remote controls with one button on either end. 

To clearly distinguish the two remotes and to expose only one button, each remote was placed in 

either a blue or orange sock (colors were counterbalanced). When activated, each remote caused 

different robot motions (moving forward versus spinning in circles). We incorporated these 

different robot motions to entice the child to explore both remotes. Both remotes were placed in 

a 26 x 15.25 x 7.6 cm transparent box to the right of the robot. For the demonstration phase, E1 

picked up one remote, pushed its button, and gave positive feedback (“Wow! Isn’t that great?”) 

and smiled, or negative feedback (“Uh oh! Oops, oh no!”) and frowned, after setting the robot in 

motion. After pushing the first remote twice, the experimenter then picked up and demonstrated 

the effect of pressing the button of the other remote, with accompanying positive or negative 

feedback. The experimenter gave this feedback only during the demonstration phase.  

After the demonstration phase, the experimenter smiled and pushed the tray with the two 

remotes toward the child and said, “Your turn!” The experimenter then either turned 180° and 

pretended to read a magazine for 30 seconds (inattentive condition) or looked at the child with a 

neutral face for 30 seconds (attentive condition), order counterbalanced. The color of remote, 

movement of the robot, type of feedback, as well as left–right location of the remote on the tray 

was counterbalanced across participants. Button-pressing behavior between the two remotes 

across attentive and inattentive conditions were coded by research assistants using an event-

recording software (see Coding section below).  

Spatial Task (general cognitive ability) 
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To measure the specificity of the potential relation between the three social-cognitive 

abilities and EAP, children participated in a novel task that measured spatial ability at the end of 

the testing session. Adapted from Huttenlocher, Newcombe, and Sandberg (1994), the spatial 

task measures spatial awareness in 16- to 24-month-olds. In their original task, the authors used a 

152 x 183 cm sandbox and hid a small toy in predetermined locations. A child’s spatial ability 

was indexed by children’s search accuracy (i.e., proximity of child’s search location to the actual 

location of the hidden toy). Because of space constraints, we used a string of 32 blue and white 

pillboxes, which were connected to make an 83.8 x 5 x 2.5 cm chain. This chain was placed on a 

105 x 60 x 53 cm table so that the child could freely search for a 5-cm rubber toy turtle. 

 To ensure task comprehension, the task began with 3 practice trials. In the practice trials, 

E1 would show the child the toy turtle, introduced as “Mr. Turtle” to the child, and place the 

turtle inside one of the pill boxes. To ensure that the child was watching where E1 hid Mr. 

Turtle, E1 would tap the lid of the pill box three times once the toy was inside. Then, E1 would 

ask the child to find Mr. Turtle. This sequence was repeated a total of three times, with the turtle 

being hidden in three separate pre-determined spots (in the center pill box and at each extremity 

of the chain). Children who successfully found the turtle in all three spots proceeded to the 5 test 

trials. For the 5 test trials, the experimenter hid the toy turtle in 5 pre-determined, randomized 

locations before asking the child to locate the hidden toy. The difference between the practice 

trials and the test trials, was that after E1 showed the child where the turtle was hidden, she 

proceeded to distract the child by asking them to look at their caregiver. After the child looked at 

their caregiver, E1 asked them to find Mr. Turtle. The child’s spatial ability was measured by 

their search accuracy across all five trials, giving each child a single continuous spatial score. 

Parental Questionnaires 
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  After the testing session, the caregiver filled out four questionnaires that measured the 

child’s temperament, vocabulary (including use of personal pronouns), and the parent’s own self-

consciousness. The description of each questionnaire is below: 

Demographics Questionnaire. The demographics questionnaire recorded participants’ 

race, age, gender, number of siblings, parent’s education, and whether the child attended 

daycare. 

Early Childhood Behavior Questionnaire (ECBQ). To account for temperament, parents 

filled-out the Putnam, Gartstein, and Rothbart (2006) short temperament assessment form of the 

Early Childhood Questionnaire, a version appropriate for children age 14 to 32 months. This 

questionnaire asks parents to rate how much an item applied to their child in the past 2 weeks 

using a 7-point Likert scale (1 = never, 7 = almost always) for five different dimensions of 

temperament. A mean score is then calculated for each dimension. For the analysis, we were 

particularly interested in the dimensions of Inhibitory Control and Shyness to see whether these 

temperament dimensions related to children’s behavior in the robot task. The shyness dimension 

included five items, including, “When approaching unfamiliar children playing, how often did 

your child watch rather than join in?” The inhibitory control dimension included six items, 

including “When told “no,” how often did your child stop the forbidden activity?” Both 

dimensions have good internal validity (alphas = 0.78 & 0.88, respectively; Putnam et al., 2006). 

McArthur-Bates Communicative Development Inventory. To measure language 

competency and children’s personal pronoun use (I, me, mine, yours), parents completed the 

McArthur-Bates Communicative Development Inventory. The McArthur-Bates is a 680-item 

questionnaire that probes children’s production and understanding of vocabulary words in 

nineteen semantic categories, including pronoun use, animal names and body parts. This 



35 
 

questionnaire is a widely used measure for speech production and comprehension in late infancy 

(Fenson, 2007). 

The Self-Consciousness Scale-Revised Version (SCSR). The SCSR is a 22-item valid 

measure that probes private and public self-consciousness and social anxiety in general 

populations (Cronbach’s Alpha = .75, .84, & .79, respectively; Scheier & Carver, 1985). The 

private self-consciousness score indicates an individual’s level of introspection. The public-self-

consciousness score measures individual’s awareness of others’ opinions toward the self. Lastly, 

the social anxiety score measures the degree to which an individual might experience anxiety in 

social settings. Adults are asked to rate statements using a 4-point Likert scale (0 = not like me at 

all, 3 = a lot like me). Sample items include, “I am concerned about what others think of me,” 

and “I get embarrassed very easily.”   

Coding  

 All coding was completed using prerecorded videos by trained research assistants who 

were blind to the conditions and hypotheses. All tasks, with the exception of button-presses in 

the robot task and the spatial score, were coded categorically, with 1 indicating passing a task 

and 0 indicating not passing. Passing criteria for each task is described below: 

Mirror Mark Test and Personal Pronoun Use (objectified sense of self). To ensure that 

children were unaware of being marked the beginning of the study, research assistants first coded 

for any self-directed touches within 15-seconds after the child was mark. Based on this criterion, 

none of the children in the study noticed being marked. To count as passing the mirror mark test, 

the child had to touch and/or removed the mark on their nose after seeing their reflection. Those 

who did not touch the mark received a score of 0. For personal pronoun use, children who used 
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at least two personal pronouns as indicated by the McArthur-Bates Communicative Development 

Inventory received a score of 1, and those who did not received a score of 0. 

 Imperative Pointing Task and Desires Task (theory of mind). To pass the imperative 

pointing task, children had to follow the gaze of the experimenter to the external object (i.e., the 

toy pig), look back at the experimenter, and successfully retrieve the toy pig and hand it to the 

experimenter. Those who did so successfully received a 1 and those who did not received a 0. 

For the desires task, children who gave the experimenter their correct food preference received a 

score of 1 and children who did not respond or give the experimenter the correct food choice 

received a 0.   

 Overimitation and Tower Task (normativity). To capture overimitation, children who 

banged the kaleidoscope at least once before looking through it received 1 point. Those who 

failed to do so received 0 points. For the tower task, children who stacked the rings in the correct 

color order in either trial (1 or 2) received 1 point, and those who did not received a score of 0.  

Robot Task 1 and 2 (evaluative audience perception). To measure EAP, children’s button 

presses during conditions of the robot task were recorded using Boris, an event-recorder software 

(Friard & Gamba, 2016). Only the button presses that successfully activated the robot counted. 

For Robot Task 1 (two experimenters and one remote), displaying EAP meant that the child 

pressed the remote significantly more if the positive experimenter was watching compared to the 

negative experimenter. For Robot Task 2 (one experimenter and two remotes), displaying EAP 

meant that the child pressed the positive remote significantly more when the experimenter was 

watching (attentive condition), but chose to press the negative remote significantly more when 

she was not watching (inattentive condition). Raw button-presses across conditions of each robot 

task were used as the dependent variable. 
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 Spatial Task (general cognitive ability). The spatial task measured children’s ability to 

successfully locate a hidden toy in a 3-dimensional space. Children’s accuracy was rated by 

calculating the distance between the child’s first searching spot and the correct spot. Because 

there were 5 trials, children’s total spatial score consisted of their score in each trial divided by 5. 

In this way, lower scores indicated better performance on the spatial task.  

 Behavioral Inhibition (temperament). As a second measure of temperament, research 

assistants coded for signs of behavioral inhibition within the first five minutes of the study. 

Coders used Kagan et al.’s (1984) criteria for behavioral inhibition, which included apprehension 

to interact with the experimenter, refusal to interact with the experimenter or with the toys, 

freezing, such as stopping play or vocalization, and clinging to or burying themselves in the 

caregiver. For each of these behaviors shown within the first five minutes, the child received 1 

point. For example, if the child clung to mom and also refused to interact with the experimenter 

when she was engaging the child, the child received a score of 2. As such, each child received a 

score of 0-3 for behavioral inhibition, with 3 being the highest (i.e., showing the highest level of 

behavioral inhibition). 

Questionnaires: Language, temperament, and public self-consciousness. All 

questionnaires, with the exception of demographics, were coded according to the instructions 

specified and provided by the creators of each questionnaire. The questionnaire scores were 

entered either as a continuous variable (language score), or an ordinal variable (Early Childhood 

Behavioral Questionnaire, Self-Consciousness Scale-Revised). For the language score, coders 

calculated a vocabulary percentage by dividing the total number of words that the child could 

pronounce and understand by the total number of possible items (680). For the Early Childhood 
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Behavioral Questionnaire and the Self-Consciousness Scale, a score was derived for each 

dimension using a coding scheme provided by the authors of each questionnaire.   

Scoring of Each Social-Cognitive Ability  

For the child to count as manifesting a particular social-cognitive ability (i.e., an 

objectified sense of self, theory of mind, or normativity) the child had to pass at least one of the 

two tasks measuring that particular ability. For example, if the child received a score of 0 in the 

mirror mark test but received a score of 1 for personal pronoun use, the child was still considered 

as having shown an objectified sense of self and would receive a score of 1. In this way, each 

child received either a 0 or 1 for each social-cognitive ability depending on whether they passed 

at least one task within a particular social-cognitive ability. This approach prevented children 

from not getting “credit” if they did not pass just one of the tasks within a cognitive measure. 

Importantly, we were primarily interested in whether or not the child manifested a particular 

ability, not the extent that they showed that particular social-cognitive ability.  

Reliability 

After extensive training on the passing criteria for each cognitive task, a second coder 

coded 20% of all participants. Coder reliability was excellent across all tasks; for the six 

categorical measures (passing or failing in each social-cognitive task), interclass correlation 

coefficients ranged from .86 to .97. For the two continuous measures (button presses in robot 

task and search accuracy in spatial task), coders achieved good reliability (Cronbach’s Alpha = 

.77 & .97, respectively).  

Planned Analyses 

 Descriptive statistics for each task were obtained and a series of logistic regressions were 

conducted to examine whether age, gender, or language competency were related to each task. 
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We also used McNemar’s tests, which test associations between two paired nominal data, to 

examine the relation between tasks within each social-cognitive ability. Normality tests and 

frequency distributions were also conducted to ensure normal data distribution and identify any 

outliers.  

 Preliminary analyses using mixed factorial analysis of variance (ANOVA) examined 

whether factors other than the child’s social-cognitive competency predicted EAP. These factors 

included the child’s age (Hypothesis 2), gender, temperament, and overall language competency, 

as well as the parent’s level of public self-consciousness. Conducting these preliminary analyses 

allowed us to identify significant predictors of EAP that would need to be included as covariates 

in the main analysis, while also maximizing power. 

For the main analyses, a mixed ANOVA was used to test the hypothesis that manifesting 

all three social-cognitive abilities would predict EAP (Hypothesis 1). For the purpose of this 

analysis, we created three social-cognitive competency groups. The three groups consisted of the 

number of social-cognitive abilities (i.e., objectified sense of self, theory of mind or normativity) 

that the child manifested (manifesting 1, 2 or all 3; see Coding for details). In this way, the 

independent variable for the main analysis was the child’s social-cognitive competency as 

indexed by the three groups, and the dependent variable was the child’s button-pressing behavior 

across conditions of the robot task. Lastly, we ran a mixed model ANOVA with performance on 

the spatial task as a predictor variable to test the hypothesis that the child’s general cognitive 

competency would not be a significant predictor of EAP (Hypothesis 3). All analyses were 

performed on IBM SPSS 26 data analysis software. 

Results 

Descriptive Statistics and Relations Between Tasks: 
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Evaluative Audience Perception: 

Robot Task 1 and 2. Table 2 shows the descriptive statistics of raw button-pressing 

behavior for both robot tasks. For Robot Task 1 (two experimenters and one remote), 23 out of 

59 children (39%) showed the effect of pressing the remote significantly more when the positive 

as opposed to the negative experimenter was watching. A binary logistic regression showed that 

neither age nor gender were related to showing the effect, χ 2 (2) =.88, p = .65. For Robot Task 2 

(one experimenter and two remotes), 34 out of 59 (57.6%) children showed the effect of pressing 

the negative remote more when E1 was not watching compared to when she was watching. 

Again, neither age nor gender were related to showing the EAP effect in robot task 2, χ 2(2) = 

2.1, p = .35.  To explore the relations between the two tasks, we used a McNemar’s test, an 

analysis that  examines associations between paired nominal data (Adedokun, & Burgess, 2012).  

Results indicated that children who showed the effect in one robot task were also significantly 

more likely to show the effect in the other robot task, p = .02 (two-sided). Because more children 

passed Robot Task 2 (1 experimenter and 2 remotes), and because its effect has been validated 

by a control study in a previous paper (Botto & Rochat, 2018), subsequent analyses used raw 

button presses of Robot Task 2 as the dependent variable. 

Objectified Sense of Self 

  Mirror mark test and personal pronouns. Of 59 children, 16 (27.1%) showed mirror self-

recognition and 24 (40.6%) used at least two personal pronouns (see Table 3). Consistent with 

the literature (Rochat, Broesch & Jayne, 2012; Zmyj, Prinz, Daum, 2013), a binary logistic 

regression indicated that age, but not gender predicted passing of the mirror mark test, χ2 (2) = 

16.84, p < .001, with older children being significantly more likely to pass the mirror mark test.  

For use of personal pronouns, parents of 24 out of 55 children (40.7%) indicated that their child 
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used at least two personal pronouns. The mean use of personal pronouns was 4.87 (SD = 4.1). A 

binary logistic regression showed that neither age nor gender predicted use of personal pronouns, 

χ 2 (2) = 5.2, p = .07. A binary logistic regression with passing at least one of the two objectified 

sense of self tasks (the mirror mark test or using personal pronouns) as the dependent variable 

and age, gender and total language score, revealed no significant results, χ 2 (4) = 3.4, p = .33. 

Unlike previous studies (Lewis & Ramsay, 2004), a McNemar’s test indicated that children who 

passed the mirror mark test were not significantly more likely to use personal pronouns p = .134 

(two-sided).  

Theory of mind 

Imperative pointing and diverse desires. Forty-three out of 59 (72.9%) children gave the 

toy to E1 after her pointing gesture. A binary logistic regression showed that age, but not gender, 

was related to understanding imperative pointing b = .4, Wald χ2 (1)=13.98, p < .001, with those 

kids who passed the imperative pointing task being significantly older than those who did not 

pass.  For the desires task, 31 out of 59 (52.5%) gave E1’s correct food preference when 

requested. Neither age nor gender were related to passing the desires task, χ 2 (2) =.1.98, p = .38. 

A binary logistic regression with passing at least one of the two tasks (imperative pointing or 

desires task) as the predicted variable and age, gender and language scores as predictor variables 

revealed that only age significantly predicted theory of mind, b = .27, Wald χ 2  (1) = 6.1, p = .01. 

A McNemar’s test showed that these two theory of mind tasks were related, with children being 

significantly more likely to pass the desires task if they also understood imperative pointing, p = 

.04 (two-sided) 

Normativity 
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Overimitation and normativity. For the overimitation task, 30 (50.8%) out of 59 

participants successfully overimitated, banging the toy kaleidoscope on the table before looking 

through it. A binary logistic regression showed that neither age nor gender were related to 

Overimitation, χ 2 (2) = .21, p = .9. For the normativity tower task, only 8 (13.6%) out of 59 

children who completed the task successfully stacked the rings in order.  A binary logistic 

regression showed that age, but not gender was related to successfully completing the tower task, 

with older kids having more success than younger kids, b = 0.39 Wald χ 2 (1) = 5.2, p = .002.  A 

binary logistic regression with passing at least one of the two tasks (overimitation or tower task) 

as the dependent variable and age, gender and language scores revealed that these variables were 

not significant predictors of normativity, χ2 (3) = .31, p = .96.  To test the relation between both 

normativity tasks, a McNemar’s test revealed that those who passed the ring test were also more 

likely to pass the overimitation task, p < .001. 

Language Ability 

Fifty-six out of 59 children had complete data for the McArthur-Bates Communicative 

Development Inventory. On average, children knew about 30% of the words listed on the 

questionnaire (M = 0.3, SD = 0.27; see Table 4). A linear regression indicated that age but not 

gender was associated with language competency, with older children understanding and uttering 

more vocabulary words than younger children, F (2, 55) = 30.8, p < .001, R2 = .54. Data were 

normally distributed (skewness and kurtosis less than -2 and 2; Fields, 2009; George & Mallery, 

2010). 

Spatial Task (General cognitive ability) 

Due to either fussiness or inability to successfully complete practice trials, 15 out of 59 

(25%) of children did not completed the spatial task. One-way ANOVAs indicated that children 
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who did not complete the spatial task did not significantly differ from those who did complete 

the task in age, F(1, 58) = 0.01, p = .94 or language competency, F (1, 55) = .86, p = .35. On 

average, children had a mean score of 7.1 (SD = 3.22). A lower number indicates greater 

accuracy, or a smaller average distance from children’s’ first searching spot to correct location. 

The scores were normally distributed (skewness and kurtosis between -1 and 1; see Table 4). A 

linear regression indicated that age, gender, or language fluency did not predict performance on 

the spatial task, F (3,41) = 0.27, p =.85, R2 =.02.   

Temperament and Self-Consciousness Scale Score (Parental questionnaires) 

 The mean, standard deviation, and range for dimensions of interest of the temperament5 

and self-consciousness questionnaire can be found in Table 4. All data was normally distributed 

(skewness and kurtosis between -2 and 2; Fields, 2009; George & Mallery, 2010).  

Social-Cognitive Competency Groups 

As previously mentioned, three groups were created to test the hypothesis that 

manifesting all three social-cognitive abilities predicted EAP. The three groups consisted of the 

number of social-cognitive abilities the child manifested (children showing 1 or none, children 

showing two,  and children showing all 3; see Coding and Planned Analysis for rationale and 

criteria). One-way analyses of variance (ANOVAs) showed that the three social-cognitive 

competency groups did not significantly differ in age, language scores, and total button-pressing 

across conditions of the robot task (p = .8, p = .27, p = .7, respectively). A Krustal-Wallis test 

 
5 To explore the relation between behavioral inhibition and the shyness and inhibitory control dimensions of the 

Early Childhood Behavioral Questionnaire (ECBQ), we performed Spearman Rho correlations. Results showed that 

our measure of behavioral inhibition and these two dimensions these were not related (r = .78, .98). This could have 

been because our behavioral inhibition measure was not sensitive enough to detect interindividual differences in 

behavioral inhibition, or because scoring for behavioral inhibition captured the behavior of the child for five 

minutes, whereas the ECBQ asks for the presence of certain behavior for a longer timespan. Therefore, subsequent 

analyses used the scores of the ECBQ as a measure of temperament, since the ECBQ has been shown to be a valid 

and reliable measure of shyness and inhibitory control.  
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revealed significant differences in the amount of shyness between children in Group 1 and Group 

3, χ 2(2) = 6.79, p = .03, with children in Group 1 having higher scores on the shyness dimension 

of the Early Childhood Behavioral Questionnaire. To examine whether shyness would affect 

button-pressing behavior when the experimenter was looking at the child (i.e., attentive 

condition), we compared Group 1 and Group 3’s overall button-pressing in the attentive 

condition of the robot task. We reasoned that if differences in shyness could potentially affect 

how children acted in the robot task, then we would find differences in the level of remote 

engagement, particularly when the experimenter was watching the child.  A one-way ANOVA 

revealed that children in Groups 1 and 3 did not differ in their button-pressing behavior in the 

attentive condition F (1, 56) = .63, p = .53, suggesting that children’s level of shyness did not 

interfere with their overall button-pressing behavior in the robot task. 

Preliminary Analyses 

We first probed whether factors other than the three social-cognitive abilities we 

measured would be significant predictors of EAP. This preliminary analysis allowed us to 

identify significant predictors of EAP that would need to be factored into the model when testing 

our main hypothesis, while also maximizing power. A mixed factorial ANOVA with button 

pressing behavior between conditions in the robot task as the dependent variable, gender as a 

between-subjects factor, and inhibitory control, shyness, overall language fluency, and the 

mother’s score on the public self-consciousness scale as predictor variables revealed a significant 

main effect of audience. Post hoc analyses indicated that children tended to press the remote 

significantly more when the experimenter was not looking, compared to when she was looking, 

F (1, 51) = 5.77, p = .02,  ηp
2 = 0.1. However, there were no other significant findings (all p > 
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.05).  Because these factors were not related to EAP, they were not included in subsequent 

analyses. 

Age and Evaluative Audience Perception 

To examine whether age was related to button-pressing behavior in the robot task, a 

repeated measures analysis of covariance (ANCOVA) with button-pressing behavior across 

conditions of the robot task as the dependent variable, and age as a predictor variable revealed no 

significant effects, F (1, 57) = .317, p = .57, ηp
2 = .01. Similar to findings in our previous studies 

(Botto & Rochat, 2018), age does not seem to be a significant predictor of evaluative audience 

perception. 

Relation Between Social-Cognitive Competence and Evaluative Audience Perception 

To directly test the hypothesis that manifesting all three social-cognitive abilities would 

predict EAP, we conducted a 3 (Social-Cognitive Group: 1, 2 ,3) x 2 (Remote: positive, 

negative) x 2(Condition: attentive, inattentive) mixed factorial analysis of variance (ANOVA), 

with button-pressing behavior as the dependent measure and social-cognitive group as the 

between-subjects factor. Results revealed a significant Cognitive Group (Group: 1, 2, 3) x 

Remote (positive, negative) x Condition (attentive, inattentive) interaction, F (2, 56) = 5.9, p = 

.005, ηp
2 = .18. Follow-up pairwise comparisons after Bonferroni corrections revealed that 

children in Group 36 were the only group to display EAP as indexed by strategic button-pressing 

in the robot task. Specifically, children in Group 3 activated the positive remote significantly 

 
6 To ensure that the results were not due to differences in sample size between the three cognitive groups, we 

randomly selected a subsample of participants from Group 1 and Group 2 to match the sample size of Group 3 and 

re-analyzed the data. Results remained consistent, yielding a marginally significant Group (1,2,3) x Remote 

(negative, positive) x Condition (attentive, inattentive) interaction, F (2, 27) = 3.36, p = .05, ηp
2 

= 0.2. Similar to the 

analysis with the entire sample, post hoc analyses revealed that Group 3 was the only group button-pressing 

behavior, pressing the positive remote more (M = 4.6, SE =1.4) when the experimenter was watching compared to 

when she was not watching (M =1.6, SE =.66; p = .008), but pressing the negative remote more when the 

experimenter was not watching (M = 5, SE = 1.1) compared to when she was watching, (M = 1.9, SE = .72; p = .03). 
These findings indicate that our results cannot be explained by differences in sample sizes. 
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more when the experimenter was watching (M = 4.6, SE = 1.1) compared to when she was not 

watching (M = 1.9, SE = 0.8; p = .01), but in contrast, activated the negative remote more when 

she was not watching ( M = 5, SE = .9) compared to when she was watching (M = 1.6, SE = 0.84;  

p = .04; see Figure 3). This suggests that, as hypothesized, children who displayed all three 

social-cognitive abilities were the ones to manifest EAP. 

Relation Between Spatial Task and Evaluative Audience Perception 

To test the specificity of these particular social-cognitive abilities and its relation to EAP, 

we also entered performance on the spatial task into the model. Specifically, we wanted to test 

the hypothesis that overall cognitive competency could not explain the significant relation 

between the three social-cognitive abilities and EAP (i.e., kids who simply perform better in any 

cognitive task would display EAP). As hypothesized, results indicated that spatial score did not 

predict EAP, F (1, 41) = 1.03, p = .32, ηp
2 = .03.  This suggests that our results cannot be 

explained by overall cognitive competency. 

Post-Hoc Analyses 

To further examine whether particular social-cognitive capacities might individually 

predict button-pressing behavior, a series of separate mixed ANOVAs were conducted, with an 

objectified sense of self, normativity, and theory of mind as between-subjects factors and button-

pressing behavior in Robot Task 2 as the dependent variable. Results showed that, on their own, 

neither an objectified sense of self, F (1, 57) = .58, p = .49, ηp
2 = .01, nor theory of mind F (1, 

57) = 3.41, p = .07, ηp
2 = 0.06,  predict button-pressing behavior. However, there was a 

significant Condition (attentive, inattentive) x Remote (positive, negative) x Normativity 

(passing, not passing) interaction, F (1, 57) = 4.38, p = .04, ηp
2 = 0.07. Post-hoc analyses 

revealed that children who displayed normativity were significantly more likely to press the 
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positive remote in the attentive condition (M = 3.4, SE =.52) compared to the inattentive 

condition (M = 2.1, SE =.46), p = .01. Note, however, that there was no significant interaction 

between the negative remote and audience versus no audience conditions. This indicates that, 

while children did choose to press the positive remote when the experimenter was watching, they 

did not choose the press the negative remote significantly more when the experimenter was not 

watching.  

We also analyzed children within Group 2 (i.e., those who only showed two social-

cognitive abilities) to see if any particular combination of social-cognitive abilities might predict 

button-pressing behavior (i.e., theory of mind and normativity vs. theory of mind and objectified 

sense of self, etc.) To do this, we again created three groups depending on the combination of 

cognitive abilities that children in Group 2 demonstrated. A mixed factorial ANOVA revealed 

that different combinations of cognitive abilities did not predict button pressing behavior, F (2, 

24) = 3.1, p = .07, ηp
2 = 0.2.  On the whole, these results provide support for the hypothesis that it 

is the combination of all three cognitive abilities that are the best predictor of the emergence of 

EAP7. 

Discussion 

For the past few decades, research has documented adult’s and children’s concern for 

how others might evaluate their behavior, what we have referred to here as evaluative audience 

 
7 To ensure that the results within Group 2 were not due to lack of power, we randomly selected participants from 

the entire sample and created a subsample of 28 participants. This allowed us to test whether this sample size would 

be enough to detect an effect. Once again, we found a significant Group (1,2,3) x Remote (negative, positive) x 

Condition (attentive, inattentive) interaction, F (2, 25) = 3.5 p = .04, ηp
2 

= .22, where children in Group 3 were 

significantly more likely to press the negative remote (M = 5.7, SE = 1.2) when no one was watching (p = .02), but 

were more likely to press the positive remote (M = 5.3, SE = 1.7) when the experimenter was watching (p = .07), 

albeit this was marginally significant. This provides further support that the three social-cognitive abilities 

collectively predict EAP.  
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perception (EAP). While a multitude of studies show EAP’s effect on a wide range of behavior, 

we know surprisingly little about when and how this concern emerges in early development. In 

particular, when do children begin to show first signs of a concern for the potential evaluation of 

others? And what does it take to develop such a concern? The present dissertation explored 

potential social- cognitive abilities — including children’s objectified sense of self, their theory 

of mind, and their norm understanding — that might predict the emergence of evaluative 

audience perception in 14- to 27-month-old children.  

Using a within-subjects design, we tested children in Botto & Rochat’s (2018) robot task 

as an index of evaluative audience perception, as well as six social-cognitive tasks that measured 

toddlers’ objectified sense of self, theory of mind, and norm understanding. Based on a 

developmental framework that posits that the emergence of a new ability entails cognitive pre-

requisites, we proposed that the combination of these three-specific social- cognitive abilities are 

potentially necessary for EAP to emerge. Specifically, we expected children who showed all 

three social-cognitive abilities to be more likely to strategically modify their button-pressing 

behavior based on the previously demonstrated values of the experimenter, as well as her relative 

attention (looking versus not looking at the child).  

In support of this hypothesis, results showed that only children who displayed theory of 

mind, an objectified sense of self, and normativity also modified their button-pressing behavior 

depending on both the values and attention of the experimenter. In particular, we found that 

children who demonstrated all three cognitive abilities were more likely to press a remote that 

had been positively valued significantly more when the experimenter was watching, but then 

chose to press the remote that had been negatively valued significantly more once the 

experimenter had turned her back.  
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The specificity of the relation between the three abilities and EAP was further supported 

by the fact that other more general cognitive (i.e., spatial ability, language) and social factors 

(i.e., mother’s level of self-consciousness) were not predictive of EAP. In particular, we found 

that performance on a spatial task, which we hypothesized should not be related to EAP, did not 

predict button-pressing behavior across conditions. This suggests that our results could not be 

explained by general intelligence or cognitive competency. Along the same vein, children’s 

language ability, which is arguably a more general social-cognitive ability, was not related to 

EAP. Additionally, temperament and the parent’s own self-consciousness were not related to 

button-pressing behavior, suggesting that parenting or the child’s own traits (i.e., shyness or 

inhibitory control) might not be related to EAP. Lastly, as in previous studies (Botto & Rochat, 

2018), we failed to find an age effect on button-pressing behavior across conditions of the robot 

task. We found this result to be surprising, as a 10-month span in late toddlerhood is large in 

terms of development. However, we interpret this finding, along with all the other null-findings 

in regard to other factors and EAP, as evidence that possessing all three proposed social-

cognitive competencies is the most meaningful predictor of the emergence of EAP in toddlers.  

Plausible Developmental Models 

While this study provides support for the idea that the purported social-cognitive abilities 

are strongly related to the emergence of EAP, it does not speak to the potential causal role of 

these capacities, nor the directionality of the relation, as the study design is inherently 

correlational.  Indeed, there are three potential developmental models that could be supported by 

these results (see Figure 4). One possibility, which is the one we favor, is that EAP is the result 

of children’s development of theory of mind (Wellman, 2017), self-concept (Lewis, 1992), and 

normativity (Rakoczy & Schmidt, 2013). Such a model would suggest that the combination of 
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these three social-cognitive abilities give rise to EAP, and thus are necessary prerequisites to 

EAP. From this perspective, children’s interindividual differences in theory of mind abilities, 

self-awareness, and sensitivity to norms might also influence the extent to which children care 

about others’ evaluation, and thus express reputational concern (Chaplin & Norton, 2015). For 

example, if a child is better at understanding another’s perspective or opinions (theory of mind), 

has a heightened self-awareness, and is sensitive to norms and standards, then they might be 

more sensitive to others’ potential evaluations.   

A second plausible developmental model is that seeing others as evaluators, coupled with 

an inclination to garner positive evaluations (i.e., EAP) could drive the development of an 

objectified sense of self, theory of mind and norm sensitivity. Indeed, if children are attuned to 

others’ affective reactions, and are inclined to get positive affect from others, then they would be 

motivated to understand norms and the mental states of others. Accordingly, EAP would be 

important mechanism driving social development. 

The third and last possible developmental model is that the three social-cognitive abilities 

and EAP simply co-emerge, suggesting that a more domain-general variable might underlie the 

development of an objectified sense of self, theory of mind, normativity, and EAP. The 

emergence of a secondary representation — which is the ability to go beyond one’s immediate 

perceptual reality (i.e., what could be rather than what is) — could be such domain-general 

variable (Asendorpf, Werkenkin & Baudonniere, 1996; Perner, 1991). According to Perner 

(1991)’s influential model of representational development, toward the end of the second year, 

children develop the ability to hold two contrasting representations, and therefore can model 

hypothetical situations. This ability, which he referred to as a secondary representation, would 

allow children to go beyond representing the world with faithful accuracy and be able to engage 
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in pretend play, understand symbols, and construe others’ minds. With this framework in mind, 

one could argue that for children to pass the mirror mark test, which is an index of an objectified 

sense of self, they must understand that the image reflected in the mirror (i.e., what is 

perceptually available), stands for themselves (secondary representation). Likewise, with theory 

of mind or normativity, children must also understand that someone’s perceived actions 

represent unobservable desires, values or intentions (secondary representation).  

While many theoretical accounts propose that secondary representations underlie 

imitation, theory of mind, and the development of a conceptual self (Meltzoff, 1990; Perner, 

1991; Tomasello, 1995) there is little empirical support that a secondary representation is the 

driving mechanism behind their emergence and development. If a self-concept, theory of mind, 

normativity, and EAP, were driven by a secondary representation, then one would expect for 

these abilities to not only co-emerge, but also to be related, as they would presumably be sharing 

a common mechanism.  Although there is some evidence that these social-cognitive 

competencies develop in tandem (Nielsen & Dissanayake, 2004), most studies have failed to find 

meaningful relations among these social-cognitive abilities (Agenetta & Rochat, 2004; Charman 

et al., 2000; Nielsen & Dissanayake, 2004).  For example, Charman et al., (2000) investigated 

the longitudinal relation between imitation at 20 months and children’s false belief understanding 

at 44 months and failed to find a significant link. Others have investigated the relation between 

mirror-self recognition and imitation and also found no relation (Agnetta & Rochat, 2004; 

Kristen-Antonow, Sodian, Perst, & Licata, 2015), although both of these cognitive competencies 

have been linked to pretend play (Nielsen & Dissanayake, 2004).  

Moreover, results from the present study indicated that overall language competency, 

which would be considered a secondary representation as it is symbolic in nature, was not related 
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to an objectified sense of self, theory of mind, normativity, or EAP. Therefore, while a secondary 

representation might be an important component of the three social-cognitive correlates proposed 

here, there is little empirical support that a secondary representation is the driving factor for the 

emergence of these social-cognitive competencies and EAP.  

Although the developmental models described above warrant further empirical 

investigation, evidence from individuals with autism lends some credence to the first 

developmental model (i.e., the three social-cognitive capacities are prerequisites to EAP). 

Children with autism, who are described as having a diminished sensitivity to others’ evaluation, 

tend to not overimitate (see Edwards, 2014 for a review), and have deficits in theory of mind 

abilities (see Baron-Cohen, 2000 for a review). However, they do pass the mirror mark test 

(albeit, without signs of self-conscious emotions; Spiker & Rocks, 1984; Reddy, Williams, 

Costantini, & Lan, 2010). This dovetails with our proposal that the three social-cognitive 

capacities discussed here are necessary to display EAP, as we would expect for individuals with 

autism to also not develop EAP, because individuals with autism fail to manifest all three social-

cognitive abilities. Indeed, there is little evidence to suggest that individuals with autism develop 

EAP (Baron-Cohen, 2010; Chevalier et al., 2012; Izuma et al., 2011). 

Further, results from the present study showed that EAP was not predicted by each 

separate social-cognitive ability or particular combinations of two social-cognitive abilities. It 

was only children who manifested all three social-cognitive abilities that also displayed EAP as 

indexed by strategic-button pressing across conditions of the robot task. Such finding suggests 

that, on their own, each social-cognitive ability might be necessary, but not sufficient, to develop 

EAP.  Notwithstanding, more research is needed to better understand the relation between theory 

of mind, normativity, a sense of self, and EAP (see below for Future Directions). 
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Implications 

In addition to providing first evidence for the relation between EAP and particular social-

cognitive abilities, these findings also have both theoretical and practical (translational) 

implications. From a theoretical standpoint, the findings speak to the possible nature of the 

cognitive process underlying EAP at its emergence. A lean interpretation might be that toddlers’ 

strategic behavior in the robot task is rooted in eliciting positive rather than negative affect from 

others. While this interpretation would suggest that children are sensitive to, and distinguish 

between, positive and negative evaluations as we have defined them (i.e., sensitivity to another’s 

response or reactions toward their behavior), it would not imply that children infer or attribute 

psychological states (i.e., desires or opinions) based on these affective responses. Alternatively, a 

richer interpretation would mean that by 24 months, children start to understand that others’ 

emotional responses reflect a psychological state (as opposed to just a positive or negative 

affective response, such as a smile). That is, they can appreciate that positive reactions reflect a 

mental evaluation about the child. The fact that children who display EAP were also more likely 

to pass desires-based theory of mind tasks, which entails a representation of another’s mental 

state (Repacholi & Gopnik, 1997; Wellman, 2017), supports this latter interpretation. 

Notwithstanding, future empirical investigations should probe the nature of EAP at its 

emergence, and how it develops to become more explicit.  

A second theoretical implication is that the results of the current study put into question 

how early signs of self-conscious emotions in toddlers have been interpreted in the 

developmental literature. Until now, researchers considered early signs of embarrassment before 

the second year as a response to being the object of attention, presumably because toddlers did 

not have the cognitive capacities necessary to see others as evaluators (Lewis, 1992; Lewis & 
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Ramsay, 2002; Reddy, 2003).  However, the current study challenges such interpretation, as we 

found that all of the putative precursors needed to develop evaluative audience perception — 

including an objectified sense of self, normative understanding and theory of mind — seem to 

emerge in the second year. Importantly, we found that the presence of all three of these social-

cognitive abilities was related to the emergence of EAP, suggesting that sensitivity to others’ 

evaluation is also evident in the second year. These results offer strong support for the idea that 

embarrassment, which is evident by the second year, might not be a simple stress response to 

being the object of attention as previously proposed, but could be considered as the expression of 

a sensitivity to how others might evaluate the child’s behavior. 

Beyond theoretical implications, the relation between the three social-cognitive abilities 

and EAP has the potential to inform our understanding of clinical disorders characterized by a 

diminished or heightened sensitivity to the evaluation of others, such as autism spectrum disorder 

and social anxiety disorder. Research shows that individuals with autism show a diminished 

concern for others’ evaluations and fail to show reputational concerns in typical contexts 

(Chevalier et al., 2012; Izuma et al.,  2011).  For example, unlike typically developing adults and 

children, an observer does not affect autistic individuals’ propensity to be generous (Izuma et al., 

2011). In contrast, individuals with social anxiety manifest an exacerbated concern for others’ 

potential evaluation (Rapee & Heimberg, 1997; Shenkler & Leary, 1982). Affecting more than 

12% of the United States population, social anxiety is often debilitating in all areas of life, 

including relationships and careers, because the thought of being negatively evaluated induces 

high anxiety (Bögels, & Mansell, 2004; Kessler et al., 2005; Turk, Heimberg, & Hope, 2001).   

Considering that these two disorders seem to illustrate extreme cases of evaluative 

audience perception (i.e., caring too little versus caring too much about another’s evaluation), 
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understanding the emergence and cognitive correlates of evaluative audience perception in 

typically developing children might allow for earlier diagnosis and intervention for children 

deviating from the typical developmental trajectory. In terms of early diagnosis, measuring the 

extent to which a child displays evaluative audience perception in toddlerhood could serve as an 

early marker for later development of social anxiety (heightened sensitivity to others’ evaluation) 

or autism spectrum disorder (diminished sensitivity to others’ evaluation). In terms of developing 

possible interventions, the purported social-cognitive capacities related to EAP might explain 

major interindividual differences in the degree to which someone becomes sensitive to the 

evaluation of others. Thus, it could be possible that some symptoms of autism and social anxiety 

might be explained by deficits in theory of mind or normative understanding. In all, 

understanding the cognitive correlates of evaluative audience perception might shed light on the 

etiology of these clinical disorders, and provide some direction for possible interventions. 

Limitations and Future Directions 

 Because this dissertation served as a first step to exploring the emergence and 

developmental underpinnings of evaluative audience perception, there are several limitations that 

should be addressed in future work. One such limitation is that some of the factors in this study, 

such as language competency, temperament, and the mother’s self-consciousness were assessed 

via self-report questionnaires. While the measures we chose were empirically tested scales, it 

still begs the question as to whether direct observations might have yielded more accurate or 

different results. Future studies could asses self-consciousness and temperament dimensions 

using direct observations.  

 Future studies could also employ better tasks to measure an objectified sense of self and 

normativity. In particular, giving children a different version of the mirror mark test, or finding a 
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second normative task that might be more age-appropriate for toddlers, may better capture these 

cognitive abilities. In relation to measuring an objectified sense of self, we failed to find a 

relation between those who passed the mirror mark test and those who used personal pronouns. 

This could be due to the fact that the mirror mark test tends to have false negatives, as some 

children fail to reach for the mark, even if they do possess an objectified sense of self 

(Asendorpf, Warkentin & Baudonniere, 1996). One solution to this would be to use Asendorpf, 

Warkentin & Baudonniere (1996)’s revised version of the mirror mark test. After children looked 

at themselves in the mirror, the researchers also handed children a tissue and asked them to wipe 

themselves as an attempt to reduce the number of false negatives. With this revision, the number 

of passers increased from 45% to 61%. Therefore, this version might capture a more accurate 

representation of children’s sense of self. For the normativity task, we chose to adapt a 

normativity task used by Clegg and Legare (2016) with older children to probe normativity. 

However, we found that only eight children passed this task, suggesting that the level of 

difficulty might be high for this age range.  Future research might benefit from using a different 

normative task. 

As we have previously mentioned, this study cannot provide evidence for a direct causal 

link between the three social-cognitive abilities and evaluative audience perception. Future 

studies could probe the plausibility of the three different models described here in several ways. 

One way is to investigate whether training children on the three social-cognitive abilities affect 

their display of evaluative audience perception. Ding et al. (2015) showed the efficacy of such 

training approach; when probing further the relation between theory of mind and children’s 

ability to deceive, the researchers demonstrated that when children were trained on a theory of 

mind task, children’s ability to lie improved. This served as strong evidence for the causal role 
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between theory of mind and lying. Along the same vein, researchers could train toddlers on 

theory of mind and normative understanding to see if such training has a direct effect on their 

display of EAP. A second avenue to explore the plausibility of the three developmental models, 

is to directly examine whether a secondary representation is indeed related to the emergence of 

all three social-cognitive abilities and EAP (i.e., the third developmental model). To do so, 

researchers could measure children’s pretend play, an ability that has been shown to rely on 

secondary representations (Leslie, 1987; Perner, 1991; Suddendorf & Whiten, 2001), and 

investigate whether this ability predicts both EAP and the three social-cognitive competencies.  

Lastly, the current dissertation only addresses when first implicit signs of evaluative 

audience perception emerge in development and its cognitive correlates. Specifically, an implicit 

evaluative audience perception entails an understanding of others as evaluators of the self, as 

well as a bias for positive as opposed to negative evaluations. However, the framework does not 

yet account for how this implicit form of evaluative audience perception becomes the more 

calculated and explicit evaluative audience perception geared towards reputational concerns seen 

in 4-5-year-olds. For example, an explicit evaluative audience perception would include 

children’s ability to infer how other’s evaluation might affect their future social interaction or 

another’s concept of the child, as well as better understanding of societal norms or effective 

impression management strategies. Much work remains to comprehend this construct as it 

unfolds in development. 

Conclusion 

 The concern for how others might evaluate our behavior is central to human psychology. 

Indeed, across contexts, humans deploy resources to manage their own image and reputation. 

However, until recently, little research had investigated the roots of such a concern. As a first 
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step to address this gap, this dissertation explored potential social-cognitive abilities that 

predicted the emergence of evaluative audience perception (EAP) in toddlers. Our results 

showed that, even after accounting for age, general cognitive competency, temperament and 

language, the combination of an objectified sense of self, normativity and theory of mind was the 

best predictor of EAP in 14- to 27-month-old toddlers.  To our knowledge, this is the first study 

to provide evidence for the idea that these three social-cognitive competencies might be 

important for the emergence of EAP.  

While this research serves as a critical first step to better understand the social-cognitive 

factors related to the emergence of EAP, many questions remain. In particular, what is the 

driving mechanism for the development of EAP in early development? And importantly, how 

does EAP evolve to become the more explicit reputational concern? As discussed here, exploring 

such questions could elucidate our understanding on the mechanism of EAP, as well as critical 

interindividual differences in the extent one becomes sensitive to the evaluation of others. Our 

concern with others’ judgments is a central characteristic of human psychology. As such, it 

deserves much more empirical scrutiny. 
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Table 1 

Summary of Tasks and Cognitive Measures Administered During Testing Session 

Social-

Cognitive 

Ability 

Tasks Measure 
Passing 

Criteria 
Scoring References 

Objectified 

sense of self 

Mirror Mark 

Test 

Measures mirror self-recognition 

by documenting children’s self-
referential behavior when seeing 

their reflection after being 

previously marked by rouge.  

Child touches 
mark after 

seeing their 

reflection Passing at least one of the 

two tasks counted as 

manifesting an objectified 

sense of self 

Amsterdam, 

1972; Lewis et 
al., 1989; Rochat 

Broesch & 

Jayne, 212 

Use of 

Personal 

Pronouns 

Measures children’s use of 
personal or possessive words via 

(i.e., me, you, mine) via parental 

reports (MacArthur-Bates). 

Child uses at 
least 2 

personal 

pronouns 

Stipek, Gralinski 

& Kopp, 1990  

Theory of Mind 

Imperative 

Pointing 

Measures infant’s understanding 

of another’s gaze and pointing 

gesture toward an object. 

Child gives 
object of 

interest to 

experimenter 
Passing at least one of the 
two tasks counted as 

manifesting theory of 

mind 

Carpenter, 

Nagell & 

Tomasello; 1998 
Colonessi et al., 

2008 

Diverse 

Desires 

Measures infant’s understanding 

of diverse desires by testing 
whether child will give 

experimenter their preferred food. 

Child gives 

experimenter 
her preferred 

food. 

Repacholi & 

Gopnik, 1997; 
Wellman & Liu, 

2004 

Normativity 

Tower Task 

Measures children’s propensity to 
faithfully reproduce a stacking 

sequence demonstrated by 

experimenter 

Child 

reproduces 

correct 
stacking 

sequence 
Passing at least one of the 

two tasks counted as 
manifesting normative 

understanding 

Clegg & Legare, 

2016; Stipek et 

al., 1992 

Overimitation 

Measures child’s propensity to 

faithfully copy arbitrary action 

(i.e., banging kaleidoscope on 

table) 

Bangs 

kaleidoscope 
before 

looking 

through it. 

Call, Carpenter, 

& Tomasello, 

2005; Over & 

Carpenter, 2012 

Control Task Spatial Task 

Measures children’s search 

accuracy of a previously hidden 

toy in a 3-dimensional space after 
a brief delay. Accuracy score = 

distance away from toys’ actual 

hidden location. 

Accuracy 

score = 
distance 

away from 

toys’ actual 
hidden 

location. 

Average accuracy score 

across all five trials 

Huttenlocker, 

Newcombe & 

Sandberg, 1994 

 

Note. All tasks were coded as pass or fail, with the exception of the Spatial Task. Those who passed each 

task received 1 point. For the child to count as manifesting a particular social-cognitive ability, they had 

to have a minimum of 1 point within each social-cognitive ability (i.e., they had to pass at least one task). 

See Coding for details and rationale.  
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Table 2 

Descriptive Statistics of Robot Task 1 and 2  

 Mean SD Min Max Skewness Kurtosis 

Robot Task 1             

Attentive-Negative 4.72 5.3 0 19 1 -0.21 

Attentive-Positive 4.75 5.1 0 21 1.2 0.97 

Robot Task 2       
Attentive-Negative 2.15 3.75 0 23 1.1 0.26 

Attentive-Positive 2.31 2.6 0 9 1.5 1.7 

Inattentive-Negative 2.73 2.9 0 15 1.6 0.4 

Inattentive-Positive 2.27 2.53 0 9 1.2 0.44 

 

Note. Descriptive statistics pertain to raw button presses within each condition of the robot task. Attentive 

versus inattentive conditions describe whether the experimenter was observing the child. Although each 

robot task only had two conditions, the four rows under Robot Task 2 distinguish button-pressing 

between the two remotes (positive and negative) within each condition (attentive vs. inattentive). Robot 

Task 1 only used one remote. 
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Table 3 

Descriptive Statistics and Relations of Cognitive Measures 

Cognitive Ability 
Passed (%) Age (p) Gender (p) Relation (p) 

Objectified sense of self         

Mirror Mark Test 16 (27) .001* .98 0.13 

Personal Pronouns 24 (41) .29 .08  
Theory of Mind         

Imperative Pointing 43 (73) < .001* .49 0.04* 

Desires Task 31 (53) .87 .17  
Normativity         

Overimitation 30 (50) .89 .61  .001* 

Tower Task 8 (13) .02* .79   

 

Note. P-values within the Age and Gender columns correspond to binary logistic regressions testing age 

and gender as predictors of performance in each task. The p-value under the column labeled Relation 

indicates the relation between the two cognitive tasks within each social-cognitive ability (McNemar test, 

two-sided) 

* = p < .05 
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Table 4 

Descriptive Statistics for Questionnaires and Control Measures 

        
  Mean SD Range Min. Max. Skewness Kurtosis 

Temperament (ECBQ)               

Shyness 4.1 1.1 5.2 1.6 6.8 -0.2 -0.49 

Inhibitory control 4 0.84 3.5 2.17 5.67 -0.07 -0.48 

Sociability 5.4 0.94 4.5 2.5 7 -0.43 0.26 
Self-Consciousness 
Scale               

Public 12.5 3.8 14 6 20 0.04 -1 

Private 17.3 4.4 19 6 25 -0.62 0.12 

Social Anxiety 8.2 4.8 16 0 16 0.01 -0.9 

Spatial Score 7.1 3.2 13.43 1.13 14.56 0.38 -0.36 

Language 30 27 82 0 82 0.52 -1.3 

 

Note. Descriptive statistics reflect raw scores for each measure. Language scores reflect the percentage of 

vocabulary words the child pronounced and understood (see Coding for details). 
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Figure 1 

Bird’s Eye-View of Experimental Room Set-Up  

 

 

Note. The testing room was divided by a green curtain as pictured above. The first part of the study took 

place on the left side of the room. Tasks administered on the left side included imperative pointing, 

desires task, and mirror mark test. The second part of the study took place on the right side of the room. 

Tasks included both robot tasks, both normativity tasks, and the spatial task.  
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Figure 2 

Order of Evaluative Audience Perception and Cognitive Tasks Administered in Testing Session 

 

Legend 

Red      Evaluative Audience Perception  

Blue     Theory of Mind  

Green  Objectfied sense of self  

Purple Normativity  

 

Note. All participants received all of the tasks in the same order. Each individual block indicates a task, 

and each color indicates the cognitive ability that the task measured. 
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Figure 3  

Button-Pressing Behavior in Conditions of Robot Task 2 Across Social-Cognitive Groups  

 

 

Note. Bars represent standard error. A mixed ANOVA revealed a significant Remote (positive, negative) 

x Condition (attentive, inattentive) x Cognitive Group (Group: 1, 2, 3) interaction, F (2, 56) = 5.9, p = 

.005, ηp
2 = .18, where children in Group 3 were the only group to display EAP as indexed by strategic 

button-pressing in the robot task.  

* = p < .05 after Bonferroni corrections (i.e., adjusted p-values). 
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Figure 4 

Potential Developmental Models of Evaluative Audience Perception 

 

Note. Illustration of three plausible developmental models that could explain the relation between the 

three proposed social-cognitve abilities and EAP. The first two models illustrate a causal role between the 

cognitive abilities and EAP. In model 1, the three cognitive abilities would be pre-requisites to EAP. In 

model 2, EAP would be a driving mechanism behind the development of the three cognitve abilities. The 

last model (Model 3) illustrates a co-emergence between the three cognitive abilities and EAP, suggesting 

that a more domain-general variable might account for their emergence and development. 
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