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Abstract 

This describes four studies that broadly explore the personality characteristics, 

physiological consequences, and neural mechanisms underlying the behavioral mimicry 

that occurs when people try to affiliate with others in social interactions. I address three 

research questions: (1) which individuals are more likely to mimic in the presence of an 

affiliation goal, (2) what are the physiological consequences of mimicking to build 

affiliation, and (3) what is the neural mechanism underlying top-down control of 

mimicry? Chapter 1 gives background on the causes and consequences of mimicry in 

social interactions. Chapter 2 asks whether extraverts mimic more than introverts as a 

way to build rapport. In two studies, participants were either given an affiliation goal or 

not before interacting with a confederate. Study 1 tested whether extraverts mimicked 

more than introverts in the presence of an affiliation goal. Study 2 replicated and 

expanded on the design of study 1 by assessing whether mimicry mediated the 

relationship between extraversion and rapport (as measured by an independent 

observer). Study 1 found that extraversion predicts increased mimicry when an 

affiliation goal is present but not when an affiliation goal is absent. Study 2 showed that 

mimicry mediates the relationship between extraversion and rapport but only when an 

affiliation goal is present. These studies show that the rapport-building ability of 

extraverts emerges only when they are motivated to affiliate, providing evidence for the 
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reward-sensitivity-as-core model of extraversion over the sociability-as-core model of 

extraversion. Chapter 3 explored the link between psychological, behavioral, and 

physiological mechanisms involved in affiliation. In study 3, participants were randomly 

assigned to experience social rejection or social acceptance before they were given either 

an opportunity to mimic a confederate (face-to-face interaction) or not (interaction 

behind barrier). Rejected participants (1) mimicked a confederate significantly more than 

accepted participants and (2) mimicry significantly mediated the effect of social 

feedback (rejection vs. acceptance) on progesterone change, such that mimicking was 

associated with increases in progesterone. The results suggest that mimicry facilitates 

progesterone release, which provides preliminary evidence of a physiological 

mechanism by which mimicry exerts its psychological effects of increasing affiliation 

and decreasing psychosocial distress. In Chapter 4, study 4 directly tested two 

competing hypotheses on the role of the right temporoparietal junction (rTPJ) in top-

down control of mimicry. Participants were randomized to receive either active or sham 

intermittent theta-burst stimulation (a type of stimulation that increases activation) to 

the rTPJ in a between-subjects design. After receiving either active or sham iTBS, I 

measured how much participants mimicked another person in a social interaction. The 

results show that, for participants in the active stimulation condition, hair and face 

touching was significantly lower during the social interaction compared to baseline. This 

finding suggests that higher activation in the rTPJ increases the distinction between 



 

 

vi

representations of self and other, specifically biasing representations of self over other, 

leading to less mimicry. These results do not support the hypothesis that higher 

activation in the rTPJ leads to flexible control of self-other representations in line with 

goals. Chapter 5 provides an overview of the main findings of these studies, discusses 

how these studies inform one another, and points the field toward open questions for 

future research.   
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1. Introduction1 

People both mimic and are mimicked in nearly every social interaction, though 

neither the mimicker nor the mimicked are generally aware of its occurrence. People 

mimic what they observe in others, including facial expressions, emotions, behavioral 

movements, and verbal patterns. In the introduction chapter, I focus on the causes and 

consequences of mimicry. Specifically, what causes mimicry to occur within a given 

social interaction and what are the consequences of such mimicry? Before discussing the 

causes and consequences of mimicry, however, I will explain the different types of 

mimicry.  

1.1 Types of mimicry 

1.1.2 Facial mimicry 

Facial mimicry occurs when someone mimics another’s facial expression(s), 

which can be either non-emotional or emotional. Although mimicry of emotional facial 

expressions is more prevalent than mimicry of non-emotional facial expressions, 

examples of non-emotional facial mimicry include one-month old babies sticking out 

their tongues when watching others do the same (Meltzoff & Moore, 1977) and mothers 

                                                      

1 Chapter 1 is based entirely on published article, Duffy, K.A., & Chartrand, T.L. (2015). Mimicry: causes and 
consequences. Current Opinion in Behavioral Science. 3: 112-116, and published chapter, Duffy, K.A., & 
Chartrand, T.L. (2016). From mimicry to morality: The role of prosociality. In: Sinnott-Armstrong, W., & 
Miller, C.B. (Eds.), Moral Psychology: Vol. 5. Virtue and Character (pp. 439-464). Cambridge, MA: MIT Press. 
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opening their own mouths when their infants open their mouths to feed (O’Toole & 

Dubin, 1968). Mimicry of emotional facial expressions occurs automatically: we smile 

when we see others smile and frown when we see others frown. Doing so helps us 

understand (Neal & Chartrand, 2011) and experience (Sato, Fujimura, Kochiyama, & 

Suzuki, 2013) the emotional expressions we observe in others. Research has shown that 

when facial mimicry is impaired (in the study, this was because facial muscle 

movements were restricted), people have more trouble recognizing other people’s 

emotions (Ponari, Conson, D’Amico, Grossi, & Trojano, 2012; Rychlowska et al., 2014). 

Facial mimicry may be particularly critical for making subtle distinctions between 

emotions, such as distinguishing between true and false smiles (Krumhuber, Likowski, 

& Weyers, 2014; Rychlowska et al., 2014). When participants are unable to mimic 

observed smiles (in this study, this was because they were wearing a mouthguard), they 

have greater difficulty determining the genuineness of observed smiles (Rychlowska et 

al., 2014). These findings suggest that people may use facial mimicry to understand the 

underlying emotions behind different types of smiles and shows the role of facial 

mimicry in deciphering the meaning of facial expressions. 

Facial mimicry occurs so automatically that even subliminally primed 

expressions are mimicked (Dimberg, Thunberg, & Elmehed, 2000). Although 

participants are unaware of seeing happy or sad faces because they are presented too 
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briefly for conscious processing to occur, participants have greater facial 

electromyographic activity in the corrugator supercilli muscle (a muscle active when 

frowning) when primed with sad faces and in the zygomatic major muscle (a muscle 

active when smiling) when primed with happy faces. But not every observed facial 

expression is equally likely to be mimicked. Offensive facial expressions, for example, 

are typically not mimicked, perhaps because they do not serve affiliative goals (i.e., 

watching someone smell a disgusting odor does not elicit mimicry of the disgust 

reaction, but watching someone receive a compliment does elicit mimicry of the 

complimented person’s smile) (Fischer, Becker, & Veenstra, 2012). These findings 

suggest that facial mimicry is not solely based on mere perception, but also on the 

emotional intentions within a specific context (Hess & Fischer, 2013).  

1.1.3 Emotional mimicry 

Emotional mimicry occurs when someone mimics or “catches” the emotions of 

another (Hatfield, Cacioppo, & Rapson, 1994). Not surprisingly, facial mimicry and 

emotional mimicry are closely connected. Facial mimicry leads to emotional mimicry 

because mimicking the muscle movements involved in an observed emotional 

expression helps to simulate the mimicked emotion, allowing us to catch the emotion. 

Interestingly, although we mimic many different emotions, some research suggests that 

we may catch a limited repertoire of emotions (Hess & Blairy, 2001). For example, 
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research suggests that although people catch emotions such as happiness and sadness 

when they mimic these emotional expressions, they may not catch more specific 

emotions such as anger and disgust (Hess & Blairy, 2001). 

1.1.4 Behavioral mimicry 

Behavioral mimicry occurs when someone adopts the mannerisms, postures, 

gestures, and movements of another. The repertoire of frequently mimicked behaviors 

includes yawning, face touching, foot shaking, food consumption, pen playing, coloring, 

handshake angle and speed, smoking, and eating (for a review, see Chartrand & Lakin, 

2013). The list of mimickable behaviors continues to expand and, recently, sniffing 

behavior was even added to the repertoire (Arzi, Shedlesky, Secundo, & Sobel, 2014). 

Behavioral mimicry has been shown to increase liking of the mimicker (Chartrand & 

Bargh, 1999), enhance the smoothness of the interaction (Chartrand & Bargh, 1999), 

increase feelings of affiliation and rapport (Lakin & Chartrand, 2003), and facilitate 

prosocial behavior generally (van Baaren, Holland, Kawakami, & van Knippenberg, 

2004). 

1.1.5 Verbal mimicry 

Verbal mimicry occurs when someone mimics the speech characteristics and 

patterns of another such as accent, rates of speech, utterance duration, and latency to 

speak (for a review, see Chartrand & Baaren, 2009). Even infants verbally mimic. Two- to 
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four-day old infants cry in response to hearing the cries of another infant but do not 

mimic synthetic cries (Simner, 1971). Furthermore, verbal mimicry occurs even when 

people are under cognitive load, which suggests that verbal mimicry occurs 

automatically and nonconsciously (Levelt & Kelter, 1982). 

1.2 Facilitators of mimicry 

1.2.1 Affiliation goals 

Affiliation goals increase mimicry, regardless of whether the goal is consciously 

held or nonconsciously primed (Lakin & Chartrand, 2003). Failure to achieve affiliation 

heightens the affiliation goal, which increases mimicry in a subsequent social interaction 

(Lakin & Chartrand, 2003; Lakin, Chartrand, & Arkin, 2008). In line with previous 

research showing that affiliation goals increase mimicry, other research suggests that 

men mimic a physically attractive woman more when they are trying to express 

romantic interest (Farley, 2014).  

The fact that affiliation goals facilitate mimicry is well established, but a more 

nuanced view is emerging. Affiliation may not always be the end goal; it can sometimes 

instead be status (Ashton-James & Levordashka, 2013). For instance, those high in 

narcissism mimic high-status others more than low-status others (Ashton-James & 

Levordashka, 2013).  
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1.2.2 Eye contact  

Eye contact facilitates motor mimicry (Bavelas, Black, Lemery, & Mullett, 1996), 

but exactly how and why this happens has only recently been explored (Bateson, Nettle, 

& Roberts, 2006; Wang & Hamilton, 2014). In a voluntary mimicry paradigm, 

participants were instructed to mimic the hand movements of a filmed actress (Wang & 

Hamilton, 2014). Automatic mimicry of the hand movement was enhanced if the actress 

gazed directly ahead at the participant immediately before the hand action. However, if 

the actress averted her gaze or gazed to the acting hand immediately before the hand 

action, then mimicry was not enhanced. The authors suggested that this eye contact 

enhancement of mimicry is similar to an audience effect and may come from a goal to 

maintain a prosocial reputation (Wang & Hamilton, 2014). 

1.2.3 Reward 

Exploring the role of reward is a new direction for mimicry research. In an EMG 

study, different monetary reward values were conditioned to neutral faces and then 

participants watched video clips of these faces making happy expressions (Sims, Van 

Reekum, Johnstone, & Chakrabarti, 2012). Watching faces paired with high monetary 

reward led to increased zygomaticus major activity, an EMG signal of smiling (Sims et 

al., 2012). These findings suggest that reward modulates automatic mimicry of facial 

expressions and may explain the reduced response to social rewards in autism. 
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1.2.4 Individual differences 

Individual differences in empathy predict the extent to which someone mimics in 

a social interaction and the type of mimicry in which they engage. Individuals high in 

cognitive empathy exhibit more behavioral mimicry (Chartrand & Bargh, 1999), whereas 

individuals high in affective empathy exhibit more facial mimicry (Sonnby-Borgström, 

2002). Those who are more socially skillful also mimic more. High self-monitors adapt 

their behavior more to the situation than low self-monitors so it makes sense that high 

self-monitors mimic others more when the situation contains affiliative cues (C. M. 

Cheng & Chartrand, 2003). Similarly, extraverts mimic more than introverts when they 

have been given a goal to affiliate (Duffy & Chartrand, 2015). 

1.3 Inhibitors 

1.3.1 Disaffiliation goals 

Research shows that relationship shielding leads adults in romantic relationship 

to mimic an attractive confederate less than adults not in a romantic relationship 

(Karremans & Verwijmeren, 2008). In line with this finding, love for a romantic partner 

moderated mimicry such that adults in romantic relationships mimicked a physically 

attractive confederate less when they reported more love for their partner (Farley, 2014). 

These results suggest that mimicry (or lack thereof) can signal desired social distance. 
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1.3.2 Antisocial orientation 

Even though positive affect generally facilitates mimicry (Likowski et al., 2011; 

van Baaren, Fockenberg, Holland, Janssen, & van Knippenberg, 2006), not all positive 

mood states have this effect on mimicry. In particular, pride – a positive emotional state 

that signals social distancing – leads to less rather than more mimicry (Dickens & 

DeSteno, 2014).  

1.4 Consequences of mimicry 

1.4.1 Increases rapport 

Early research on mimicry showed a correlational relationship between mimicry 

and rapport, or liking between people. These studies examined rapport and the extent to 

which people mimic those they already know (Bernieri, Steven, & Rosenthal, 1988; 

Charney, 1966; LaFrance, 1979; LaFrance & Broadbent, 1976; Maurer & Tindall, 1983; 

Scheflen, 1964). Overall, these studies show that people with good rapport tend to 

mirror each other more. For example, mothers are more in sync with their own children 

than unfamiliar children (Bernieri et al., 1988); in a classroom, the extent to which 

students mirror the teacher’s posture is correlated with rapport (LaFrance & Broadbent, 

1976); and in a one-hour psychotherapy session, the postures of the client and the 

therapist tend to converge and the extent to which they converge predicts rapport 

(Charney, 1966; Scheflen, 1964).  
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  Researchers later tested the relationship between mimicry and rapport in the lab. 

In one study, high school students were randomly assigned to either the role of the 

teacher or the student (Bernieri, 1988). The teacher was instructed to teach the student a 

list of imaginary words. Afterward, the students were asked to report on their rapport 

during the interaction. Then, untrained judges viewed silent video clips of the dyad and 

rated the degree of movement coordination in the videos. Movement coordination was 

associated with rapport as reported by the dyad (Bernieri, 1988). 

These studies suggest a correlational link between mimicry and rapport, but do 

not provide evidence for whether mimicry causes rapport or rapport causes mimicry. In 

order to test the effect of being behaviorally mimicked, Chartrand and Bargh (1999) 

developed a paradigm in which a confederate subtly mimics a participant while they 

engage in an unrelated task together. A photo description task has been frequently used 

as the “unrelated task” (Chartrand & Bargh, 1999). In this task, a participant and a 

confederate take turns describing what they see in various photographs. Meanwhile, the 

confederate subtly mimics the posture, gestures, mannerisms, and movements of the 

participant. In order to ensure the mimicry is not noticed by the participant, the 

confederate usually waits several seconds before mimicking any given action, and often 

modifies the action slightly as well. Thus, the mimicry is not happening immediately 

and is not an exact replica of the original action. Note that this distinguishes mimicry 
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from other nonverbal coordination behaviors such as synchrony, where the timing and 

precision are critical. In the first test of mimicry using this paradigm, participants who 

were mimicked reported greater rapport (i.e., that the interaction was smoother) with 

their interaction partner (the confederate) compared to participants who were not 

mimicked (Chartrand & Bargh, 1999). 

1.4.2 Increases liking 

Mimicry also leads to greater liking of one’s interaction partner, regardless of 

whether an individual is mimicking that interaction partner or the interaction partner is 

mimicking them. For example, when people are instructed to mimic others, they report 

more liking of the mimicked target. One study explored this effect using verbal mimicry 

of a disliked accent (Adank, Stewart, Connell, & Wood, 2013). Participants listened to 

sentences spoken by two speakers with the same regional accent. For one speaker, 

participants were instructed to repeat the spoken sentence and were explicitly told not 

to imitate the accent of the speaker. For the other speaker, participants were instructed 

to repeat the spoken sentence while imitating the accent of the speaker. When people 

imitate the accent of a speaker, they later report liking that speaker more than the 

speaker whose accent they did not imitate. Specifically, they rated the imitated speaker 

as more socially attractive (i.e., specifically, more cheerful, friendly, warm, humorous 

and the voice as more attractive and pleasant). This finding is particularly interesting 
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given that the accent selected for this study is typically ranked low on social 

attractiveness (Coupland & Bishop, 2007). 

These results suggest that we like people more if we mimic them. The reverse is 

also true: being mimicked by others also increases our liking for them. When 

participants are mimicked by a confederate, they report liking that person more than 

those who are not mimicked by the confederate (Chartrand & Bargh, 1999). Collectively, 

research on this topic indicates that being mimicked facilitates liking, regardless of 

whether mimicry is behavioral (Chartrand & Bargh, 1999), facial (Kulesza et al., 2015), or 

verbal (Adank et al., 2013). 

Interestingly, liking does not depend on the valence of the mimicked emotional 

expressions (Kulesza et al., 2015). In one study, participants were told that they were 

taking part in a study on whether basic emotions are universal. Participants sat in front 

of a computer and were led to believe that they were video chatting with another 

participant. The participant’s task was to express a basic emotion facially (i.e., anger, 

disgust, fear, happiness, sadness, and surprise) into a camera when instructed to do so 

by a prerecorded voice. The cover story behind the task was that the other “participant” 

(i.e., a confederate) would see the expressed emotion and write down which emotion 

she thought had been conveyed. The confederate had actually been prerecorded to 

either subtly mimic or not mimic the instructed emotion. In the mimicry condition, the 
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confederate expressed the same emotion as the participant. After the confederate 

mimicked the instructed emotion, she wrote down her judgment of the emotion 

expressed by the participant. In the no mimicry condition, the confederate did not 

express any emotion before writing down her judgment of the expressed emotion. The 

findings indicate that being facially mimicked leads to greater liking of the mimicker 

(Kulesza et al., 2015). Interestingly, when negative emotions are mimicked, this leads to 

just as much liking as when positive emotions are mimicked. This suggests that it is the 

mimicry itself rather than the sharing of positive emotions that leads to greater liking. 

1.4.3 Increases trust 

Being mimicked facilitates trust as well (Guéguen, Martin, Meineri, & Simon, 

2012; Over, Carpenter, Spears, & Gattis, 2013; Verberne, Ham, Ponnada, & Midden, 

2013). When an interviewer verbally and nonverbally mimics an interviewee, the 

interviewee gives more responses to a survey on sexual behavior in which the questions 

become increasingly more intimate (Guéguen et al., 2012). Mimicry even facilitates trust 

in children (Over et al., 2013). In one study, children selected pictures that they 

preferred. One experimenter mimicked their choices while the other experimenter did 

not mimic their choices. Children were then shown two opaque boxes. They could not 

see inside the boxes, but they watched as the experimenters looked inside. The 

mimicking experimenter expressed a preference for the object inside one box while the 
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non-mimicking experimenter expressed a preference for the object inside the other box. 

The experimenters had conflicting preferences for the objects inside the boxes and 

children were asked to choose which one they wanted. Children were more likely to 

choose the box that the mimicking experimenter endorsed. In a second study, when the 

mimicking and non-mimicking experimenters gave conflicting claims about the object to 

which a novel word referred, children were more likely to trust the claim of the 

mimicking experimenter. Children trusted an adult more who had mimicked their 

preferences. 

Research also suggests that mimicry facilitates trust in a negotiation context and 

that this leads to positive outcomes when one negotiator mimics the other negotiator 

(Maddux, Mullen, & Galinsky, 2008; Swaab, Maddux, & Sinaceur, 2011). In two studies, 

Maddux et al. (2008) showed that mimicry increases joint gains and the likelihood that 

opponents will come to an agreement. In study one, participants were put into dyads 

and then randomly assigned to either the role of “recruiter” or “candidate.” Then dyads 

were assigned to one of three conditions: (1) recruiter instructed to subtly mimic the 

candidate, (2) candidate instructed to subtly mimic the recruiter, or (3) control condition 

in which neither is instructed to mimic. In the negotiation task, negotiators were 

assigned their preferences on a set of issues and the importance of each issue to them. In 

order to negotiate successfully on the issues of high importance, the recruiter and 
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candidate had to concede on issues of low importance, as this strategy would optimize 

individual and joint gains. Mimicking increased joint gains. In fact, the higher the 

amount of mimicry reported afterward by mimickers, the greater the joint gains 

(Maddux et al., 2008).  

In a follow-up study, researchers explored whether trust was the underlying 

psychological mechanism driving these effects (Maddux et al., 2008). In this study, the 

negotiation involved the sale of a gas station. Participants were randomly assigned to 

either the role of the buyer or the seller. Participants who were assigned to be the buyer 

were randomly assigned to one of two conditions: they were either instructed to mimic 

the seller (mimicry condition) or were given no instructions to mimic (control condition). 

All of the participants assigned to be the seller were assigned to the control condition. In 

dyads in which the buyer mimicked, 67% reached a successful deal compared to only 

12.5% when the buyer did not mimic. Furthermore, the more that the buyer reported 

mimicking the seller, the more likely they were to reach a deal. Most importantly, the 

extent to which the seller trusted the buyer mediated the relationship between mimicry 

and likelihood of reaching a deal.  

Negotiations are also more successful when a third party mediator mimics the 

negotiators (Fischer-Lokou, Guéguen, Lamy, Martin, & Bullock, 2014). Not only were 

negotiators more likely to come to an agreement when a mediator verbally mimicked, 
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but they were also more likely to report that the mediator listened attentively relative to 

when the mediator did not verbally mimic. However, these effects were present only 

when the mediator mimicked the negotiators longer than five minutes. The authors 

speculated that mimicry by a third party encourages agreement in a negotiation because 

mimicry facilitates an environment of trust.  

1.4.4 Increases feelings of similarity 

Being mimicked facilitates self-other merging, a psychological process that blurs 

the cognitive distinction between self and other (Cialdini, Brown, Lewis, Luce, & 

Neuberg, 1997). Self-other merging causes the mimicked person to misattribute the 

mimicker’s attributes as his or her own (Leander & Chartrand, unpublished data). Thus, 

when attributes (such as outspokenness, depressive affect, achievement behavior, and 

self-monitoring) are manipulated in the confederate, participants take on those attributes 

as their own, but only when mimicked by the confederate displaying the attribute. This 

effect occurs even for attributes that are asocial, unsociable, or socially irrelevant, 

suggesting it is not solely driven by participants being more prosocial upon being 

mimicked. Leander and Chartrand (2015) coined this effect “mirror inferences.”  

1.4.5 Increases attitude convergence 

Mimicry facilitates attitude convergence, such that the mimicker and mimicked 

become more similar in their attitudes, preferences, and opinions. Individuals going 
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through an experience together end up converging on their evaluations of that 

experience if they are free to mimic each other. In one study, people watching a movie 

together ended up with more similar opinions on the movie, but the effect was present 

only if they could see each other (and therefore mimic each other) during the movie 

viewing. Researchers speculated that emotional contagion is driving the effect 

(Ramanathan & McGill, 2008). 

Similarly, mimicry can lead to more persuasion. For instance, participants are 

more persuaded by the arguments of a mimicking vs. non-mimicking avatar (Bailenson 

& Yee, 2005). Even when mimicked participants do not actually change their opinions, 

they still perceive a mimicker to be more persuasive than a non-mimicker (Van Swol, 

2003).  Furthermore, being mimicked influences preference for products presented in 

dyadic interactions (Tanner, Ferraro, Chartrand, Bettman, & van Baaren, 2008). In one 

study, a “facilitator” provided participants with information about a “new” product on 

the market, cheese straws. In the invested condition, the facilitator stated that he would 

directly benefit from the success of the product and marketing messages. In the 

independent condition, the facilitator stated that he was not directly associated with the 

manufacturer of the product and was simply doing market research on it. Then in an 

informational session on the product, the facilitator either mimicked or did not mimic 

the participant. Mimicry led to more liking of the product, and this effect was 
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strengthened when participants were mimicked by a facilitator who had a vested 

interest in the product being promoted (Tanner et al., 2008), suggesting that wanting to 

help or be prosocial drove the effect. Thus, research suggests that mimicry can influence 

attitudes through prosociality. 

1.4.6 Increases interdependent self-construal 

Self-construal refers to the extent to which an individual defines him or herself in 

relation to other people. Those who construe themselves more in relation to others are 

said to have a more interdependent self-construal, whereas those who construe 

themselves less in relation to others are said to have a more independent self-construal 

(Markus & Kitayama, 1991). Both mimicking and being mimicked shift self-construal to 

be more interdependent (Ashton–James, van Baaren, Chartrand, Decety, & Karremans, 

2007). To measure self-construal, researchers use the Twenty Statements Test, an open-

ended questionnaire that asks participants to answer the question: “Who am I?” In free 

response format, participants write down twenty answers to this question. Responses 

can include personal attributes (i.e. I am funny) and  social roles (i.e. I am a sister). To 

the extent that people generate responses relating to their relationships and social roles, 

their self-construals are considered interdependent. After participants mimic (Redeker, 

Stel, & Mastop, 2011) or are mimicked (Ashton–James et al., 2007), they describe 

themselves in more interdependent terms. Furthermore, when mimicked participants 
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were led to a waiting area and given a choice of where to sit, they choose to sit closer to 

a chair with someone’s belongings on it. Taken together, these findings suggest that 

being mimicked decreases a person’s psychological and physical distance from others. 

1.4.7 Facilitates empathy 

Empathy blurs the boundary between self and other. We are able to empathize 

when we simulate what others do, think, and feel (Baird, Scheffer, & Wilson, 2011). 

There are two different routes by which we simulate how others feel: a bottom-up 

approach through bodily representations and a top-down approach through mental 

representations (Hawk, Fischer, & Van Kleef, 2011; Lamm, Porges, Cacioppo, & Decety, 

2008). Mimicry is part of the bottom-up route to empathy. Furthermore, there are two 

kinds of empathy: affective empathy and cognitive empathy. Affective empathy occurs 

when experiencing others’ emotions, whereas cognitive empathy occurs when 

understanding others’ emotions. 

1.4.7.1 Affective empathy 

Facial mimicry facilitates experience of others’ emotions. The mechanism for how 

facial mimicry affects emotional contagion has two steps (Adelmann & Zajonc, 1989; 

Hatfield et al., 1994; Laird et al., 1994). First, people nonconsciously and automatically 

mimic the emotional expressions they perceive. Second, the muscles activated while 

mimicking relay feedback to the brain, which evokes corresponding emotions in the 
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mimicker (Cacioppo, Martzke, Petty, & Tassinary, 1988; Hatfield et al., 1994; Hess, 

Kappas, McHugo, Lanzetta, & Kleck, 1992; Strack, Martin, & Stepper, 1988). In this way, 

mimicking leads to contagion of emotions (Stel, van den Heuvel, & Smeets, 2008; Stel & 

Vonk, 2010). When participants interact with a person who watched either a happy or 

sad film prior to the interaction, those instructed to mimic (compared to those instructed 

not to mimic) are more likely to take on the emotion corresponding to the film watched 

by the person with whom they are interacting (Stel & Vonk, 2010). 

When participants are read a neutral speech (in a happy tone versus in a sad 

tone), they mimic the mood of the speaker when they repeat the speech (Neumann & 

Strack, 2000). Furthermore, when they are read the speech in a happy tone, they report 

being in a better mood. In other research, participants take on subliminally primed 

emotions, which then affects their perception of how funny a cartoon is (Foroni & Semin, 

2011). When participants are exposed to smiling primes (vs. angry primes) and allowed 

to mimic (vs. not mimic), they rate a cartoon as funnier. The authors suggested that this 

effect is due to resonance between the observer’s muscle movements and the observed 

facial expression.  

1.4.7.2 Cognitive empathy 

Mimicry also facilitates understanding others’ emotions. As previously 

mentioned, people readily mimic the facial expressions of others (Dimberg, 1982; 
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Vaughan & Lanzetta, 1980), and facial mimicry helps us understand observed emotional 

expressions (Atkinson & Adolphs, 2005; Neal & Chartrand, 2011; Niedenthal, 

Halberstadt, Margolin, & Innes-Ker, 2000; Wallbott, 1991). Researchers speculate that 

this is because simulating the muscle movements involved in an observed expression 

results in facial feedback that facilitates emotion recognition (Ponari et al., 2012). When 

participants are instructed to avoid making facial movements while viewing 

photographs of emotional expressions, they are slower to identify observed emotions 

compared to those who are allowed to make facial movements (Stel & van Knippenberg, 

2008). Interestingly, this effect occurs in women but not men. The authors suggested that 

because women are more facially expressive, women rely more on facial feedback than 

men. Other research showed that when people are prevented from mimicking facial 

expressions (i.e., due to Botox injections paralyzing the facial muscles), they are less 

accurate at identifying emotions observed in photographs compared to a control group 

who had a different cosmetic procedure done (i.e. a dermal filler) (Neal & Chartrand, 

2011). Moreover, other research demonstrates that blocking specific muscle movements 

impairs recognition of corresponding emotions (Ponari et al., 2012). Restricting muscle 

movements in the lower half of the face impairs recognition of happiness and disgust, 

while restricting muscle movements in the upper half of the face impairs recognition of 
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anger. Taken together, these studies show that when facial feedback signals are blocked, 

emotion perception worsens.  

Given these findings, researchers speculated that when facial feedback signals 

are amplified, emotion perception should improve. Indeed, people become better judges 

of facial emotion when their own facial skin has been made resistant to underlying 

muscle contractions through a restrictive gel mask (Neal & Chartrand, 2011). The 

restrictive gel is thought to amplify facial feedback signals leading to improved 

perceptions of others’ emotions. Although overall the ability to engage in mimicry seems 

to facilitate recognition of emotional expressions, evidence suggests that mimicry must 

be nonconscious in order to be beneficial (Kulesza et al., 2015). When participants 

consciously mimicked the facial expressions of a confederate, they had poorer 

performance recognizing emotions than participants who were instructed to inhibit 

mimicry. 

Taken together, these findings demonstrate that mimicry helps us understand 

and experience others’ emotions. Research also shows that mimicry affects perceptions 

of others’ as well as one’s own empathy. When people are mimicked, they perceive the 

mimicker as more empathic. For example, adolescent clients who were mimicked by 

their counselors rated their counselors as more empathic than did clients who were not 

mimicked by their counselors (Maurer & Tindall, 1983). In another study, participants 
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were instructed to mimic or not mimic the facial expressions of a target in a video (Stel & 

Vonk, 2009). Mimicking facial expressions led participants to report greater cognitive 

empathy (operationalized as perspective taking), but only if the emotions in the video 

were perceived as real. The effect of mimicry on empathy also has downstream social 

consequences. Mimicry decreases prejudice, reduces victim blaming, and enhances 

physiological responding to pain. We turn to these effects next. 

1.4.7.3 Decreases prejudice 

Researchers have speculated that mimicking outgroup members might decrease 

outgroup prejudice. In order to test this, participants in one study watched a video in 

which an ingroup or an outgroup member repeatedly reaches for a glass of water, takes 

a sip, and then sets the glass back down (Inzlicht, Gutsell, & Legault, 2012). Participants 

were either asked to mimic or not and then completed measures of implicit and explicit 

prejudice. When participants mimicked an outgroup member, implicit and explicit 

prejudice decreased (Inzlicht et al., 2012). Although people engage in less spontaneous 

mimicry of outgroup members than ingroup members (Yabar, Johnston, Miles, & Peace, 

2006), these results suggest that consciously mimicking outgroup members may reverse 

a culturally-learned empathy gap.  
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1.4.7.4 Reduces victim blaming 

Research has shown that empathy for the victim reduces negative reactions 

toward the victim (Aderman, Brehm, & Katz, 1974). Given this, researchers speculated 

that mimicking others should decrease victim blaming through its effect on empathy. 

Indeed, the extent to which participants spontaneously mimic a person in a video (who 

is later revealed to be a victim of a crime) predicts the degree to which they blame the 

victim (Stel, van den Bos, & Bal, 2012). Those who mimic more, blame the victim less. 

The same pattern holds even when the person in the video is not the victim of a crime. In 

a follow-up study, participants were randomly assigned to mimic or not mimic the 

movements of a person in a video. In both conditions, participants were told to pay 

attention to the movements of the person in the video. Those in the mimic condition 

were told to imitate immediately the movement that they observed. Those in the no 

mimic condition were told not to perform the same movements that they observed. 

After watching the video, participants read about a person who had been a victim of a 

crime. This person was either the same person in the video or a different person. 

Participants then filled out a questionnaire measuring the extent to which they blamed 

the victim for the crime. Participants who had mimicked, blamed the victim less than 

those who had not mimicked, regardless of whether the person in the video was the 

victim or a different person. These results suggest that mimicry leads to a general 
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empathic mindset and that the effect of mimicry on victim blaming is a consequence of 

increased empathy. Because mimicry did not reduce perpetrator blaming, the authors 

speculated that the effects of mimicry are specific to people with whom one can easily 

empathize, such as victims.  

1.4.7.5 Enhances empathy for pain 

Being imitated leads to greater affective responding when seeing someone else in 

pain (De Coster, Verschuere, Goubert, Tsakiris, & Brass, 2013). In one study, participants 

were instructed to make a finger movement while they simultaneously watched a film of 

someone either performing the same finger movement (imitation condition) or a 

different finger movement (no imitation condition). Then, participants watched a video 

of pain being inflicted on someone while their eye blink startle response was measured. 

The eye blink startle response is a way of measuring distress when watching someone in 

pain. A larger startle response suggests greater distress to another’s pain, which is 

interpreted to indicate greater empathy. Results indicated that when participants 

engaged in finger movements that were imitated (vs. not imitated), they had larger eye 

blink startle responses when viewing pain inflicted on someone. Imitated participants 

also perceived the inflicted pain as more unpleasant and intense. Overall, the authors 

suggested that these findings demonstrate that being imitated increases empathy for 

pain.  
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1.4.8 Facilitates prosocial behavior  

Prosocial behavior is voluntary action that benefits others (Twenge, Baumeister, 

DeWall, Ciarocco, & Bartels, 2007). Extensive research shows that mimicry facilitates 

prosocial behavior. Being mimicked facilitates prosociality both within and beyond the 

dyad. Within the dyad, mimicked participants pick up more pens that the mimicker 

dropped (van Baaren et al., 2004) and leave larger tips for a server who mimicked them 

(van Baaren, Holland, Steenaert, & van Knippenberg, 2003). Mimicked participants also  

behave more prosocially beyond the dyad toward people who did not mimic them (van 

Baaren et al., 2004). As evidence of this, mimicked participants were more willing to 

donate money to charity (Stel, van Baaren, & Vonk, 2008; van Baaren et al., 2004), help a 

stranded person (Fischer-Lokou, Martin, Guéguen, & Lamy, 2011), and volunteer to fill 

out a tedious survey (Ashton–James et al., 2007). Being mimicked even causes people to 

assume a more liberal political ideology, an effect that is mediated by prosocial feelings 

toward others (Stel & Harinck, 2011). The fact that being mimicked leads people to act 

prosocially beyond the dyad signals that mimicry affects prosocial orientation generally. 

Not only does the mimicked person behave more prosocially, but the mimicker 

does as well. Although more evidence shows that mimicked people act more 

prosocially, two studies demonstrate that mimickers also behave more prosocially and 

suggest a mechanism for the effect. In a first study, participants were instructed either to 
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mimic or not to mimic the facial expressions of a person in a video (Stel, van Baaren, et 

al., 2008). Those who mimicked donated more money to charity than those who did not. 

A second study demonstrated that mimicry affects prosocial behavior through affective 

empathy; mimicking another’s facial expressions leads to experiencing that person’s 

emotions, which then facilitates prosocial behavior (Stel, van Baaren, et al., 2008). 

The link between mimicry and prosociality has mostly been explored with 

behavioral mimicry, but the effect also occurs with verbal mimicry (Kulesza, Dolinski, 

Huisman, & Majewski, 2013). Research conducted in a currency exchange office suggests 

that in order for verbal mimicry to facilitate prosocial behavior, one must use the same 

words, but not necessarily in the same order, as the speaker. Mimicked customers 

donated more money to a local charity than non-mimicked customers. These findings 

suggest that – across modalities – mimicry increases prosociality. 

Traditionally, the costs associated with prosocial behavior in these lab 

experiments have been relatively low. Would mimicry lead to prosocial behavior even if 

it required a high cost? To test this, confederates approached pedestrians to ask for 

directions to a train station (Müller, Maaskant, van Baaren, & Dijksterhuis, 2012). For 

approximately three minutes, the pedestrian gave the confederate directions while the 

confederate either mimicked or anti-mimicked the pedestrian. The confederate clarified 

the directions twice, pretended to still not understand, and then asked whether the 
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pedestrian would accompany her to the train station. Mimicked pedestrians were twice 

as likely as non-mimicked pedestrians to agree to accompany the confederate on a 15-

minute walk to the train station. Even with high costs, mimicry increased prosocial 

behavior (Müller et al., 2012). These findings indicate that mimicry might be more 

powerful in eliciting prosocial behavior than previously recognized. 

Some research suggests that the link between mimicry and prosociality is innate 

(Carpenter, Uebel, & Tomasello, 2013). Even 18-month-old children help pick up more 

dropped sticks after they have been mimicked (Carpenter et al., 2013). Mimicry may 

affect prosociality because they share the same neural hardware. Neuroscience studies 

have shown that both mimicry and prosociality rely on two brain regions implicated in 

self-other processes – the right temporoparietal junction (Morishima, Schunk, Bruhin, 

Ruff, & Fehr, 2012; Santiesteban, Banissy, Catmur, & Bird, 2012; Sowden & Catmur, 

2013; Zanon, Novembre, Zangrando, Chittaro, & Silani, 2014) and the medial prefrontal 

cortex (Masten, Morelli, & Eisenberger, 2011; Rameson, Morelli, & Lieberman, 2011; 

Zanon et al., 2014). Although no studies have shown that mimicry and prosociality are 

actually linked neurologically, there is theoretical reason to think that they might be.  

One mechanism for how mimicry facilitates prosociality is by shifting how one 

sees oneself in relation to others (Ashton–James et al., 2007). After participants were 

mimicked by another person, participants reported a more interdependent self-construal 



 

 28

(as measured by the Twenty Statements Test), and this mediated the relationship 

between being mimicked and their increased likelihood of volunteering their time to 

help a researcher (Ashton–James et al., 2007). 

A plethora of evidence suggests that mimicry leads to prosociality, but does 

prosociality also lead to mimicry? In order to test this, participants were primed with 

prosocial, neutral, or antisocial words and then their automatic tendency to imitate was 

measured (Leighton, Bird, Orsini, & Heyes, 2010). Automatic imitation is measured by 

having participants perform a pre-specified hand movement (either opening or closing 

the hand) while observing a hand movement that is either congruent or incongruent 

with their pre-specified hand movement (Leighton et al., 2010). If the observed hand 

movement is congruent rather than incongruent with their pre-specified hand 

movement, the tendency to automatically mimic observed actions leads to faster reaction 

times. Prosocial primes enhance this automatic imitation effect compared to antisocial 

primes (Leighton et al., 2010). Although this study suggests that prosociality affects 

mimicry, more extensive research supports the causal direction that mimicry enhances 

prosociality. 

1.5 Conclusions 

This dissertation describes four studies that broadly explore the personality 

characteristics, physiological consequences, and neural mechanisms underlying the 
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behavioral mimicry that people engage in to build affiliation in social interactions. This 

work  addresses questions such as which individuals are more likely to mimic in the 

presence of an affiliation goal, what are the physiological consequences of mimicking to 

build affiliation, and how does neural activation increase mimicry to achieve affiliation 

goals? 
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2. The Extravert Advantage: How and When Extraverts 

Build Rapport with Others1 

2.1 Background  

Social relationships are vital to human flourishing. Given their importance, it 

may not be surprising that extraverts tend to be happier than introverts2 (Francis, 1999; 

Furnham & Cheng, 1999; Pavot, Diener, & Fujita, 1990), a finding that holds cross-

culturally – from Western societies that put a premium on extraverted traits to Eastern 

societies that strongly value introverted traits (Furnham & Cheng, 1999). Some 

researchers have suggested that extraverts are happier because they are more sociable 

(McCrae & Costa, 1987), more socially skillful  (assessed by self-report measures, Argyle 

& Lu, 1990), and contribute more to social interactions (Smillie, Wilt, Kabbani, Garratt, & 

Revelle, 2015). Indeed, research indicates that extraverts have higher quality social 

interactions (Barrett & Pietromonaco, 1997; Barrick et al., 2012; Berry & Hansen, 2000), 

and are better at establishing liking (Riggio & Friedman, 1986; Thorne, 1987) and rapport 

(Barrick et al., 2012). However, a critical question remains: what behaviors do extraverts 

engage in that make them better at building rapport?  

                                                      

1 Published work, Duffy, K.A., & Chartrand, T.L. (2015). The extravert advantage: How and when extraverts 
build rapport with others. Psychological Science. 26(11): 1795-1802. 
 
2 Extraversion is a continuous variable. Therefore, when we refer to extraverts, we are referring to those 
relatively higher on the extraversion scale and when we refer to introverts, we are referring to those 
relatively lower on the extraversion scale. 
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Extraverts talk faster and speak more energetically than introverts (Feldstein & 

Sloan, 1984; Scherer, 1978), but there is no evidence that this leads to their greater 

rapport with others. Some researchers have attempted to characterize a nonverbal 

profile of extraversion, but this work has yielded inconsistent results (Funder, 2001; 

LaFrance, Heisel, & Beatty, 2004).  Theoretically, extraverts should engage more 

frequently in nonverbal behaviors related to rapport, such as gazing, smiling, and 

nodding (Bernieri, Gillis, Grahe, & Davis, 1996), but research has not consistently found 

this (LaFrance et al., 2004). For example, one study reported that even though 

extraversion is associated with higher quality social interactions, it is unrelated to the 

nonverbal behaviors (i.e., visual attention, body openness, and gestures) that predict 

social interaction quality (Berry & Hansen, 2000). Thus, no specific behavior, either 

verbal or nonverbal, has been identified that explains extraverts' better ability to build 

rapport (Back, Schmukle, & Egloff, 2009; Wilt & Revelle, 2009).   

Given that a behavioral profile of extraversion remains elusive, is it possible that 

extraverts are engaging in a subtler form of affiliation that generally goes undetected, a 

behavior that occurs automatically and nonconsciously when someone is motivated to 

affiliate? Behavioral mimicry is such a behavior. As noted, research indicates that it is a 

powerful affiliation tool, increasing liking, empathy, and rapport between interactants 

(Chartrand & Bargh, 1999; Lakin & Chartrand, 2003). Furthermore, although mimicry 
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occurs nonconsciously, people mimic more when they are motivated to affiliate with 

others (Lakin & Chartrand, 2003; Lakin et al., 2008). Perhaps behavioral mimicry 

explains why extraverts are better at building affiliation (Barrick et al., 2012; Riggio & 

Friedman, 1986; Thorne, 1987).  

Two competing models of extraversion make different predictions about the 

context in which the social skillfulness of extraverts should emerge. The sociability-as-

core model of extraversion states that extraverts are happier because they are more 

sociable (Argyle & Lu, 1990b; McCrae & Costa, 1987), while the reward-sensitivity-as-

core model of extraversion asserts that extraverts are more sociable because they are 

happier (Gray, 1973; Lucas, Diener, Grob, Suh, & Shao, 2000). From these models come 

different predictions regarding when extraverts should be more socially skillful.  

According to the sociability-as-core model (Argyle & Lu, 1990b; McCrae & Costa, 

1987), extraverts should be more socially skillful across all social interactions. Given that 

mimicry leads to smoother social interactions (Chartrand & Bargh, 1999), one might 

therefore predict that extraverts should mimic more than introverts across the board. 

However, according to the reward-sensitivity-as-core model (Gray, 1973), the greater 

happiness of extraverts arises from their greater motivation to achieve goals (Smillie, 

Cooper, Wilt, & Revelle, 2012; Smillie, Geaney, Wilt, Cooper, & Revelle, 2013). Therefore, 

it follows that extraverts should be more socially skillful when they are motivated by an 
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affiliation goal (Depue & Collins, 1999). Based on this model, one would predict that 

extraverts should engage in socially skillful behaviors such as mimicry more than 

introverts only when they have an affiliation goal. Thus, the sociability-as-core model 

predicts that extraverts mimic more than introverts regardless of affiliation goal, 

whereas the reward-sensitivity-model predicts that in the absence of an affiliation goal, 

extraverts and introverts do not mimic differently. The current research tested these 

competing hypotheses to determine the contexts under which the social skillfulness of 

extraverts emerges. 

The reward-sensitivity-as-core model has been gathering increasing empirical 

support; an abundance of research supports the idea that extraversion might reflect 

individual differences in the motivational system. A large-scale cross-cultural study 

found support for the reward-sensitivity-as-core model but not the sociability-as-core 

model (Lucas et al., 2000). Genetic and neural evidence shows that extraversion is (1) 

associated with genetic variation in dopamine, a neurotransmitter that drives reward-

seeking behavior, and this genetic variation predicts neural activation in a reward-

seeking paradigm (M. X. Cohen, Young, Baek, Kessler, & Ranganath, 2005), (2) 

correlated with larger volume of brain structures involved in reward processing 

(DeYoung et al., 2010; Omura, Constable, & Canli, 2005; Rauch et al., 2005), (3) linked to 

increases in activation of reward-related brain structures in functional fMRI (Canli et al., 
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2001; Canli, Sivers, Whitfield, Gotlib, & Gabrieli, 2002; Cohen et al., 2005; Deckersbach et 

al., 2006; DeYoung, Hawes, Civai, & Rustichini, 2014; Mobbs, Hagan, Azim, Menon, & 

Reiss, 2005), and (4) related to enhanced behavioral pursuit of reward (Cooper, Agocha, 

& Sheldon, 2000). Furthermore, behavioral studies have shown that extraverts 

experience increases in positive affect only after exposure to situations and stimuli 

involving the pursuit of reward, but not after exposure to situations and stimuli that are 

merely pleasant (Smillie et al., 2012, 2013). Given this behavioral, genetic, and neural 

evidence in support of the reward-sensitivity-as-core model, I predicted that extraverts 

would mimic more than introverts only when they are motivated by an affiliation goal. 

A second hypotheses was that mimicry that occurs in the presence of an affiliation goal 

would mediate the relationship between extraversion and rapport. These findings 

would provide evidence of a nonverbal behavior that helps extraverts build rapport, as 

well as the context in which extraverts boost their rapport building abilities. 

Two studies were designed to test these hypotheses. Study 1 tested whether 

extraverts mimic more than introverts in the presence of an affiliation goal. Study 2 

replicated and expanded on the design of study 1 by assessing whether mimicry 

mediates the relationship between extraversion and rapport (as measured by an 

independent observer). Because study 1 and study 2 were identical with the exception 
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that study 2 also measured rapport within the social interaction, the methods and results 

sections cover both studies. 

2.2 Methods 

2.2.1 Participants 

Study 1 (N = 95) and study 2 (N = 102) enrolled participants from a university 

participant pool. All were female, 18-30 years old, and compensated $11 for 

participation in a 30-minute study. This study received IRB approval for all research 

activities. 

Based upon sample sizes used in prior mimicry research (Cheng & Chartrand, 

2003; Lakin & Chartrand, 2003; Lakin et al., 2008), I aimed to collect data for 20 

participants per manipulated between-subjects cell. Initially, I had a 2 x 2 design because 

I was testing an additional hypothesis3, so therefore aimed for a total of 80 participants. I 

anticipated that participants might need to be excluded for experimental errors so aimed 

beyond the target and ended up with 95 participants for study 1 and 102 participants for 

study 2. After excluding participants for missing mimicry video data, 84 participants 

remained in study 1, and 100 participants remained in study 2.  

                                                      

3 Note that I also manipulated whether participants suppressed emotion during a comedy clip to test a 
different hypothesis. However, I did not find consistent effects of this manipulation across the two studies 
and do not report those results here.  
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2.2.2 Procedure 

2.2.2.1 Manipulation of affiliation goal 

Participants were randomly assigned to an affiliation goal condition (absent vs. 

present). Participants were told that they would be participating in a task with another 

participant (actually a confederate). For participants in the affiliation goal present 

condition, the experimenter suggested to the participant, before bringing in the 

confederate, that the next task had the best results when both people got along well. In 

the affiliation goal absent condition, participants were not told this.  

2.2.2.2 Measure of behavioral mimicry 

The standard paradigm for measuring behavioral mimicry involves measuring 

how much the participant mimics the confederate while they engage in a diversion task 

together. Different diversion tasks were used for study 1 and study 2.  

Study 1 used a photo description task (Chartrand & Bargh, 1999; Cheng & 

Chartrand, 2003; Lakin & Chartrand, 2003; Lakin et al., 2008). In this task, the participant 

and the confederate took turns describing five photographs each for approximately one 

minute per photograph. The setup involved the participant and confederate sitting in 

chairs facing one another at a 90° angle. While they described photographs, the 

confederate engaged in easily mimicked behaviors, continuously touching her hair and 

face and moving her foot.  
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Study 2 used a word-listing task adapted from Rachl, Leander, & Van Yperen 

(2017). In this task, the participant and confederate took turns coming up with words 

within a given category. For each category, they went back and forth listing words for 30 

seconds until the timer beeped. Once the timer beeped, they switched to the next 

category until they covered all 12 categories in a 6-minute period of time. The setup 

again involved the participant and confederate sitting in chairs facing one another at a 

90° angle, but unlike study 1, they sat at a table. While they listed words, the confederate 

continuously touched her hair and face.  

During these tasks, the participant was filmed with a hidden camera and the 

video was coded for how much time the participant spent touching her hair and face 

(studies 1 and 2) and moving her foot (study 1). In order to assess coder reliability, one 

observer (blind to the participants’ conditions) coded all videos and a second observer 

(also blind to the participants’ conditions) coded 15% (study 1) or 20% (study 2) of the 

videos to assess inter-rater reliability (Chartrand & Bargh, 1999; Lakin & Chartrand, 

2003). For videos coded by both observers, inter-rater reliability was assessed using a 

two-way mixed, consistency, average-measures intra-class correlation (McGraw & 

Wong, 1996) . The resulting intra-class correlation was excellent for both study 1, ICC = 

.98, and study 2, ICC = .99 (Cicchetti, 1994). Then, the amount of time the participant (1) 
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touched her hair and face and (2) moved her foot during the social interaction were 

converted into separate mimicry rates (seconds/minute). 

2.2.2.3 Measure of extraversion 

At the end of the study, participants completed a Qualtrics survey in order to 

measure trait extraversion. Using Goldberg’s Mini-Markers 8-item extraversion scale 

(Saucier, 1994), participants rated themselves on each adjective (bold, energetic, 

extraverted, talkative; reverse coded: quiet, shy, bashful, and withdrawn) using a 7-

point Likert scale. After four items were reverse scored, scores on all items were 

averaged to obtain a composite measure of extraversion. 

2.2.2.4 Measure of rapport 

In order to assess rapport within the social interaction (study 2), one observer 

(blind to the theory being tested, the hypotheses and design of the study, and 

participants’ conditions) coded the rapport between the participant and confederate in 

all of the videos, and a second observer coded 20% of the videos to assess inter-rater 

reliability. For videos coded by both observers, inter-rater reliability was assessed using 

a two-way mixed, consistency, average-measures intra-class correlation (McGraw & 

Wong, 1996). The resulting intra-class correlation between coders was excellent, ICC = 

.91 (Cicchetti, 1994). 
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2.3 Results 

2.3.1 Manipulation checks 

Since extraversion was measured after our manipulations, I wanted to ensure 

that the manipulations did not affect extraversion scores. In order to test this, an 

ANOVA was conducted with affiliation goal (absent vs. present) as the independent 

variable and extraversion score as the dependent variable. In both study 1 and study 2, 

there was no statistically significant difference for extraversion score between groups, 

F(1, 82) = 0.04, p = .83 and F(1, 98) = 2.30, p = .13, respectively. Although there was a 

marginal difference in study 2, the means for extraversion in the affiliation goal (absent 

vs. present) conditions actually trended in the unexpected direction. That is, if the 

manipulation had affected extraversion scores, scores should be higher in the affiliation 

goal present vs. absent condition, but the opposite pattern was obtained (absent, M = 

4.86; present, M = 4.49). Thus, the measure of  trait extraversion does not appear to have 

been affected by the affiliation goal manipulation. 
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2.3.2 Effect of extraversion and affiliation goal on mimicry 

For all analyses, mimicry refers to hair and face touching mimicry.4 A square root 

transformation was performed on hair and face touching mimicry in order to correct the 

normality of the distribution.  

As noted, the hypotheses were that (a) extraverts would mimic more than 

introverts, but that (b) this would be moderated by the presence of an affiliation goal. In 

order to test this, a moderated multiple regression analysis (Aiken & West, 1991; Cohen, 

Cohen, West, & Aiken, 2003) was conducted on square root transformed mimicry. 

Extraversion score, affiliation goal condition (absent = 0, present = 1), and their 

interaction were the predictor variables. The resulting model was significant for study 1, 

Adj. R2 = .08, F(3, 80) = 3.4, p = .02, and study 2, Adj. R2 = .08, F(3, 96) = 3.9, p = .01. The 

interaction between extraversion and affiliation goal on mimicry was significant in study 

1, B = 0.54, t(80) = 2.1, p = .04, and in study 2, B = 0.65, t(96) = 2.1, p = .04. The simple slope 

of extraversion in the affiliation goal present condition was significant for both study 1, 

B = 0.43, t(80) = 2.55, p = .01, and study 2, B = 0.54, t(96) = 2.39, p = .02. Higher 

extraversion predicted higher mimicry, but only in the presence of an affiliation goal. 

The simple slope of extraversion in the affiliation goal absent condition was not 

                                                      

4 We did not find significant effects for foot moving mimicry, which is consistent with recent mimicry 
research (Duffy et al., 2017; Liu, Gleibs, Chartrand, & Shih, 2017; Rachl & Leander, 2017). 
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significant for both study 1, B = -0.11, t(80) = -.59, p = .56, and study 2, B = -0.11, t(96) = -

.55, p = .59. (See Figure 1). 

In order to substantiate the claim that the null hypothesis is more likely than the 

alternative hypothesis for the simple slope of extraversion in the affiliation goal absent 

condition, we calculated the Bayes factor for both study 1 and 2. The Bayes factor 

indicates the probability of the data under the null hypothesis relative to the probability 

of the data under the alternative hypothesis in order to determine the likelihood of one 

model over the other (Rouder, Speckman, Sun, Morey, & Iverson, 2009; Wetzels et al., 

2011). For study 1, the Bayes factor is .0005, which means that the null hypothesis is 2000 

times more likely than the alternative hypothesis. For study 2, the Bayes factor is .0003, 

which means that the null hypothesis is 3333 times more likely than the alternative 

hypothesis. For both studies, the magnitude of the effect is large enough to be 

considered decisive evidence in favor of the null hypothesis (Jeffreys, 1961).  
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Figure 1. Regression of extraversion and affiliation goal (present vs. absent) on 

mimicry in study 1 and study 2. Both studies show that extraversion predicts mimicry 

in the affiliation goal present condition, but not the affiliation goal absent condition. 

2.3.3 Effect of extraversion on rapport 

Research demonstrates that extraverts are better at building rapport within social 

interactions than introverts (Barrick et al., 2012). To examine whether mimicry helps 

extraverts build rapport in social interactions, I first needed to demonstrate that that 

extraverts built more rapport within the social interaction. In order to test this, a 

standard regression analysis was conducted in which extraversion was used to predict 

rapport (as rated by an independent observer). In study 2, the resulting model was 

significant, Adj. R2 = .04, F(1, 98) = 4.7, p = .03, indicating that extraversion significantly 

predicted rapport,5 B = 0.18, t(98) = 2.2, p = .03. (See Figure 2). Replicating previous 

                                                      

5 We initially did not code the videos for study 1 because the video quality was not particularly high. We 
filmed participants using an older video recording system and the camera was positioned farther from the 
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research, extraversion led to greater rapport with others. However, because the focus of 

this study was to understand how and when extraverts build rapport, a moderated 

mediation model was conducted. 

                                                      

 

participant due to the hidden camera set-up in the room. In study 2, we tested participants in a different 
testing space that had better recording equipment and a hidden camera situated closer to the participant. As 
a result, the videos in study 2 better depict indications of rapport (i.e. subtle facial expressions) so we 
decided to have raters code for this study. In response to a reviewer’s interest in whether this effect would 
replicate, we coded the videos for study 1 as well. Unexpectedly, we found a significant effect of confederate 
race on rapport, F(2, 81) = 8.7, p < .001. In study 1, we had five confederates of three different races; the race 
of the confederate affected rapport. Importantly, although confederate race affected rapport, it did not affect 
mimicry. In study 2, we did not have this issue because we had one confederate interact with all 
participants. Given that (1) the poorer video quality reduced the ability to code for rapport and (2) rapport 
was strongly influenced by race, which varied in study 1 but not study 2, it is not surprising that we did not 
replicate our rapport findings in study 1. 
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Figure 2. Regression of extraversion on rapport in study 2. Extraversion significantly 

predicts rapport. 

2.3.4 Effect of extraversion on rapport mediated by mimicry when 

affiliation goal present 

To test the prediction that extraverts (but not introverts) will engage in more 

behavioral mimicry when given an affiliation goal, which will mediate the relationship 

between extraversion and rapport,  a moderated mediation model analysis was 

conducted using the PROCESS macro (Hayes, 2013). This procedure generated a 95% 

confidence interval for the indirect effect using 50,000 bootstrap resamples. Confidence 

intervals that do not contain a zero indicate a significant effect. Using model 7, 

extraversion score was set as the predictor variable, square root transformed mimicry as 
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the mediator, affiliation goal (present vs. absent) as the moderator of the path between 

extraversion and mimicry, and rapport as the outcome variable. As we report above, the 

total effect of extraversion on rapport is significant, B = .18, t(98) = 2.2, p = .03. However, 

we wanted to test whether mimicry would mediate this effect, specifically in the 

presence of an affiliation goal. We show that the effect of extraversion by affiliation goal 

condition (present vs. absent) on mimicry is significant, B = .65, t(96) = 2.1, p = .04. 

Furthermore, the effect of mimicry on rapport (controlling for extraversion) is also 

significant, B = .12, t(97) = 2.3, p = .02. After controlling for mimicry, there remained a 

significant direct effect of extraversion on rapport, B = .17, t(97) = 2.0, p = .05. 

Furthermore, our results indicate significant mediation. The indirect effect of the highest 

order interaction indicates that the effect of extraversion on rapport is significantly 

mediated through mimicry, b = .08, 95% bias corrected confidence interval = [0.01, 0.20]. 

This was further qualified by assessing the conditional indirect effect at different levels 

of the moderator: affiliation goal present vs. affiliation goal absent. In the presence of an 

affiliation goal, the effect of extraversion on rapport is significantly mediated through 

mimicry, b = .06, 95% bias corrected confidence interval = [0.008, 0.17]. In the absence of 

an affiliation goal, as expected, there is no significant conditional indirect effect of 

extraversion on rapport through mimicry, b = -.01, 95% bias corrected confidence 

interval = [-0.07, 0.02]. (See Figure 3). 
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Figure 3. Moderated mediation model. This figure indicates the unstandardized 

regression coefficients for the relationship between extraversion and rapport as 

mediated by mimicry and moderated by affiliation goal condition (present vs. 

absent). The conditional indirect effect of mimicry is significant in the affiliation goal 

present condition, but not in the affiliation goal absent condition. The 

unstandardized regression coefficient of extraversion on rapport controlling for 

mimicry (the direct effect) is reported in parentheses. *p < .05. 

2.4 Discussion 

The results of the current studies suggest that extraverts mimic most when it is 

highly adaptive to do so; they rely on mimicry as a way to build rapport particularly 

when they have a goal to affiliate. Previous research indicates that extraverts are better 

at building affiliation in social interactions than introverts (Thorne, 1987), but the 
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behaviors driving this difference remained unidentified. The current findings suggest 

one behavior that extraverts engage in more effectively – mimicry. Thus, we identify a 

context-dependent behavioral phenotype of extraverts that can help explain why and 

how they are so socially adept. This addresses a long-standing gap in the literature and 

further substantiates the claim that traits such as extraversion can predict actual 

observable (i.e., not self-reported) behaviors (Back et al., 2009; Borkenau, Mauer, 

Riemann, Spinath, & Angleitner, 2004; Eaton & Funder, 2003; Mehl, Gosling, & 

Pennebaker, 2006), despite a lack of such research in the literature6 (Back et al., 2009; 

Funder, 2001; Wilt & Revelle, 2009). 

In addition to exploring how extraverts build rapport, we examine when they 

build rapport. In so doing, we provide a critical test of two competing models of 

extraversion, the sociability-as-core and the reward-sensitivity-as-core models. The 

sociability-as-core model suggests that extraverts should mimic more than introverts 

across all situations. However, our results do not corroborate this position. Importantly, 

we find that when there is no affiliation goal present, introverts and extraverts do not 

                                                      

6 Previous research has shown that extraversion predicts self-reported behaviors (Fleeson & Gallagher, 
2009), but research showing that extraversion predicts actual observable behavior (i.e., not self-reported) is 
scarcer. Even when studies do find that third party observers can use audio clips (Mehl et al., 2006) and 
video segments (Borkenau et al., 2004) to make accurate assessments of a target’s extraversion, these studies 
do not specify which behaviors are actually driving the impressions. Furthermore, when third party 
observers are asked to make broad behaviorally based assessments such as how “talkative,” “socially 
skillful,” and “enthusiastic” the target is, these ratings correlate with extraversion, but it is not clear which 
specific behaviors are actually driving these subjective ratings (Eaton & Funder, 2003). 
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differ in their mimicking of a confederate. Instead, we find that extraverts only use 

mimicry to connect with others when they are motivated by an affiliation goal. Our 

findings provide the first evidence that extraverts’ ability to connect with others is 

motivationally dependent, supporting the reward-sensitivity-as-core model of 

extraversion (Depue & Collins, 1999; Gray, 1973).  

Overall, our results demonstrate a behavioral mechanism for how extraverts 

boost rapport. Specifically, extraverts mimic more when they want to get along with 

another person, and this mediates the relationship between extraversion and rapport. 

The processes underlying mimicry occur automatically and nonconsciously, reinforcing 

the idea that mimicking may represent an evolutionarily hardwired system of affiliating 

that is dialed up and down by motivational goals (Lakin, Jefferis, Cheng, & Chartrand, 

2003). Thus, extraverts are not always better at building rapport – they only are when 

they are motivated by a goal. 
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3. Recovering from Social Rejection: Behavioral and 

Hormonal Mechanisms of Affiliation1 

3.1 Introduction 

Social rejection is a powerful negative experience because it threatens one of our 

fundamental needs – the need to belong (Baumeister & Leary, 1995). When this need is 

threatened, individuals experience psychological and physiological distress as 

evidenced by increases in negative affect and salivary cortisol, respectively (Blackhart, 

Eckel, & Tice, 2007; Stroud, Salovey, & Epel, 2002). Research shows that rejection often 

activates a goal to affiliate – a concern for forming, maintaining, and restoring social 

relationships (Schultheiss, Dargel, & Rohde, 2003). Activation of a goal to affiliate leads 

rejected participants to report increased motivation to forge new social bonds (Maner, 

DeWall, Baumeister, & Schaller, 2007). However, there are some boundary conditions to 

this. Rejected participants do not seek reconnection with perpetrators of rejection or with 

new interaction partners with whom no face-to-face interaction is anticipated (Maner et 

al., 2007). So what can people do after being rejected to connect with others, and what is 

it about being face-to-face that makes it easier to affiliate?  

                                                      

1 Based on published work, Duffy, K.A, Harris, L.T., Chartrand, T.L., & Stanton, S.J. (2017). Women 
recovering from social rejection: The effect of the person and the situation on a hormonal mechanism of 
affiliation. Psychoneuroendocrinology. 76: 174-182. This dissertation chapter is actually based on an earlier, 
unpublished version of the published article because, in the published article, we reframed our findings to 
focus on our hormonal findings and not our mimicry findings.  
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Research suggests that behavioral mimicry is a powerful way that people 

affiliate, increasing how much the mimicked person likes the mimicker when the latter 

unwittingly imitates the behaviors of the former (Chartrand & Bargh, 1999; Lakin & 

Chartrand, 2003). Since its occurrence usually goes undetected by both parties involved, 

it is a subtle form of affiliation, yet has powerful psychological consequences, leading to 

increased feelings of affiliation and decreased psychosocial distress (Kouzakova, van 

Baaren, & van Knippenberg, 2010; Lakin & Chartrand, 2003). Given that mimicry 

increases affiliation and decreases psychosocial distress within a social interaction, 

researchers hypothesized that recently rejected participants should mimic more than 

recently accepted participants. Indeed, rejected participants mimic a confederate more 

than accepted participants (Lakin et al., 2008). This finding highlights how mimicry 

functions in a context-dependent way, increasing in response to affiliation goals in order 

to fulfill affiliative needs. Mimicry, therefore, can serve as a tool to mitigate threatened 

belonging following social rejection.  

Given the powerful psychological effects of mimicry in increasing affiliation and 

decreasing psychosocial distress, mimicry should have a physiological mechanism that 

facilitates its psychological effects. Currently, no mechanistic model exists to explain 

how mimicry might act on the brain to increase affiliation and decrease psychosocial 

distress. The physiological underpinnings of mimicry have not been studied. However, 
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progesterone – a steroid hormone released by the adrenal glands during psychosocial 

stress (Wirth, 2011; Wirth, Meier, Fredrickson, & Schultheiss, 2007) – may serve as a 

physiological link between mimicry behavior and its psychological effects. In an animal 

model, progesterone is released during stress (Barbaccia et al., 1996; Romeo, Bellani, & 

McEwen, 2005). Progesterone decreases stress via its metabolite, allopregnanolone 

(Bitran, Hilvers, & Kellogg, 1991; Bitran, Purdy, & Kellogg, 1993; Bitran, Shiekh, & 

McLeod, 1995). Allopregnanolone downregulates the stress response in two ways. First, 

allopregnanolone acts on GABAA receptors in the brain to reduce anxiety (Bitran et al., 

1993, 1995). Second, allopregnanolone suppresses the stress response by downregulating 

gene-transcription for corticotrophin-releasing hormone (CRH) in the hypothalamic 

pituitary adrenal (HPA) (Patchev, Hassan, Holsboer, & Almeida, 1996; Patchev, Shoaib, 

Holsboer, & Almeida, 1994). Although allopregnanolone cannot be measured in the 

brain noninvasively, animal models indicate that progesterone in the blood correlates 

with allopregnanolone in the blood and brain (Bitran et al., 1993). Since salivary 

progesterone serves as an accurate proxy for progesterone in the blood (Schultheiss & 

Stanton, 2009), salivary progesterone may indicate allopregnanolone action in the brain. 

Therefore, progesterone released in response to affiliative behaviors such as mimicry 

could reduce psychological stress (Bitran et al., 1993, 1995; Romeo et al., 1993). If 

progesterone were released in response to mimicry, this would provide a pathway that 
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explains how mimicry functions to reduce psychosocial distress, particularly when 

mimicry is increased in response to social rejection. 

Progesterone is also associated with affiliative motivation (Schultheiss et al., 

2003), further evidence for how progesterone might link mimicry to its psychological 

effects. Specifically, salivary progesterone is positively correlated with individual 

differences in implicit affiliative motivation in women (Schultheiss et al., 2003). 

Furthermore, rising progesterone over the menstrual cycle predicts increasing affiliative 

motivation (Schultheiss et al., 2003). These results suggest a correlational relationship 

between progesterone and affiliative motivation. In two studies investigating a causal 

relationship, manipulated affiliative motive (Schultheiss, Wirth, & Stanton, 2004) and 

manipulated closeness (Brown et al., 2009) increased progesterone. In fact, the increase 

in progesterone following the closeness manipulation predicted participants’ willingness 

to sacrifice for their partner one week later (Brown et al., 2009). Given that mimicry 

increases affiliation and decreases psychosocial stress, I hypothesized that mimicry  

triggers increases in progesterone.  

The direction of this prediction – that mimicry will increase progesterone rather 

than that progesterone will increase mimicry – stems from research demonstrating that 

social behaviors influence endocrine functioning in humans (van Anders, 2010). For 

instance, motor movements involved in social behavior can elicit a neuroendocrine 
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response; engaging in high-power poses decreases cortisol and increases testosterone, 

while engaging in low-power poses has the opposite effect (Carney, Cuddy, & Yap, 

2010). Given such evidence,  I wanted to examine the downstream physiological 

consequences of mimicry. Specifically, I propose that progesterone might facilitate the 

psychological effects of mimicry, increasing feelings of affiliation and decreasing 

psychosocial distress.  

This hypothesis was tested specifically in women for several reasons. First, 

finding an effect in women is harder because women have not only higher mean levels 

of progesterone but also larger standard deviations. Thus, including only women 

represents a more conservative test of the hypothesis. Second, many studies have 

explored the link between mimicry and affiliation using only female samples (Lakin et 

al., 2008; Stel, Blascovich, McCall, van Baaren, & Vonk, 2010; Vrijsen, Lange, Becker, & 

Rinck, 2010; Yabar et al., 2006), and because the hypothesis was based on this work, it 

was important to use a sample similar to those in earlier relevant research.  

3.2 Method 

3.2.1 Study design 

In study 3,  female participants  were either socially rejected or socially accepted 

by three female confederates. Participants then interacted with a new female 

confederate. The interaction with the confederate occurred either face-to-face or behind a 
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barrier, such that participants and confederates could not see each other. This feature 

manipulated whether participants had an opportunity to mimic the confederate or not. 

Saliva was collected from participants at multiple time points throughout the 

experiment to measure progesterone release (Schultheiss & Stanton, 2009). Progesterone 

residualized change scores were calculated by regressing log-transformed progesterone 

at time 2 (20 minutes post social feedback) on log-transformed progesterone at time 1 

(baseline). The study was designed to test two hypotheses: rejected participants would 

mimic more than accepted participants and mimicking would release progesterone. 

Thus, this study tests a hormonal mechanism that could explain how mimicry increases 

affiliation and decreases psychosocial distress. (See Figure 4).  
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Figure 4. Timeline of experimental events: baseline saliva sample, social feedback 

manipulation (acceptance vs. rejection), social interaction with opportunity for face-

to-face interaction manipulation (blocked vs. face-to-face), saliva sample 20 minutes 

post social feedback manipulation, and saliva sample 40 minutes post social feedback 

manipulation. Saliva samples were collected to measure progesterone and cortisol 

that passively diffused from blood into saliva. The timing of saliva samples was 

based on the 10-20 minute lag time that it takes for steroid hormones to be released 

into blood and then diffuse into saliva (Riad-Fahmy, Read, Walker, Walker, & 

Grifiths, 1987). 



 

 56

3.2.2 Participants 

Female participants not using hormonal contraceptives (N = 106; Mage = 21.2 

years) were recruited through a university subject pool for a 90-minute study. 

Participants were compensated $20. Since hormones can be affected by various 

substances and behaviors, participants were instructed not to eat food or drink caffeine 

or alcohol 2 hours before the study, not to smoke 6 hours before the study, not to 

exercise 12 hours before the study, and not to have sex 24 hours before the study 

(Schultheiss & Stanton, 2009). Participants provided written informed consent and were 

debriefed at the end of the session. This study received approval from the appropriate 

local ethics committee and complied with national legislation and the Code of Ethical 

Principles for Medical Research Involving Human Subjects of the World Medical 

Association (Declaration of Helsinki).  

In order to estimate the sample size needed, I looked at the effect size found 

using a similar paradigm (Lakin et al., 2008) in which participants mimicked a 

confederate following either social exclusion or social inclusion, manipulated with 

cyberball (Lakin et al., 2008). The authors reported an effect size of ηp2 = .12. Using 

G*Power, the sample size required to have a power of .90 with an alpha of .05 given this 

effect size was estimated to be 80. Because of the possibility of having to exclude 

participants due to technical problems or because they were aware of the confederates 
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mimicry behavior (Lakin & Chartrand, 2003; Lakin et al., 2008), the target sample size 

was set at 100 participants. However, due to  scheduling reasons, 106 participants were 

tested. After excluding participants for the reasons explained in the exclusion criteria 

section, the final sample was 92 participants. 

3.2.3 Procedure 

3.2.3.1 Cover story 

Participants signed up for a study entitled ‘Impression Formation.’ At the lab, the 

experimenter told participants that the study investigated how hormones affect 

impression formation. This cover story was used to explain both why we measured 

hormones (ask for saliva samples) and why we give participants social feedback (see 

next section). In order to encourage participants to believe there were three other 

participants providing social feedback, participants were walked down a hall with four 

closed doors that led to study rooms. Participants were led into one room and told that 

participants were in the other three rooms. 

3.2.3.2 Manipulation of social feedback 

Participants were randomly assigned to either the social rejection or social 

acceptance condition. In order to manipulate social rejection and social acceptance, we 

adapted a paradigm used previously (Leary, Tambor, Terdal, & Downs, 1995). In our 

paradigm, the experimenter told participants that the study was investigating 
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impression formation, which required participants to give their impressions of one 

another. In order to do this, the experimenter instructed participants to talk about the 

things that they liked and disliked about themselves in a 1-2 minute video designed to 

promote self-disclosure. After the participant finished recording the video on Windows 

Movie Maker, the experimenter returned to help upload the video to Dropbox. The 

experimenter slowly uploaded the three confederate videos to Dropbox to give the 

impression that the other participants were finishing the task at different times.  

When all four videos were uploaded to Dropbox, the experimenter gave the 

participant three feedback forms and instructed her to fill out the forms based on her 

impressions of the ‘participants’ in the three confederate videos. The experimenter 

assured the participant that the feedback would be anonymous. The feedback form 

consisted of five items: I would introduce this person to a friend; I would continue 

talking to this person; I would invite this person to a party; This person reminds me of 

some of my own friends; and I would choose this person as a study partner in a difficult 

class. For each item, the participant selected a response (yes, unsure, no).  

After the participant finished filling out the feedback forms, the experimenter 

collected the feedback forms in manila envelopes, ostensibly one for each subject. The 

experimenter told the participant that she needed to collect the remaining forms and 

would return with the feedback as soon as possible. When the experimenter returned a 
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couple of minutes later, the experimenter delivered prearranged feedback that conveyed  

either social rejection or social acceptance. The experimenter told participants to look 

over her feedback and left the room. In the social rejection condition, the three feedback 

forms reflected a negative impression of the participant, with answers of mostly ‘unsure’ 

and ‘no’ on the feedback forms (yes = 1, unsure = 10, no = 4). In the social acceptance 

condition, the three feedback forms reflected a positive impression of the participant, 

with answers of mostly ‘yes’ on the feedback forms (yes = 13, unsure = 2, no = 1). As an 

important note, the confederates who had supposedly provided the manipulated 

feedback were all female, though representative of diverse racial groups. This ensured 

that female participants felt rejected or accepted by females generally rather than by a 

specific racial group. After the participant looked over the feedback, the experimenter 

returned to inform the participant that she would complete the photo description task 

next. 

3.2.3.3. Measure of mimicry 

As noted, the photo description task is a standard paradigm for measuring 

behavioral mimicry (Chartrand & Bargh, 1999; Cheng & Chartrand, 2003; Lakin & 

Chartrand, 2003; Lakin et al., 2008). The task itself serves as a diversion in order to 

measure mimicry occurring nonconsciously. In the task, the participant and the 

confederate take turns describing photos to one another with the purported purpose of 
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helping the other person visualize the photo. Meanwhile, the confederate, who is blind 

to the social feedback condition of the participant, engages in easily mimicked 

behaviors, moving her foot and touching her hair and face. During the task, the 

participant is filmed with a hidden camera in order to measure how much she performs 

these same behaviors. Since the confederate engages in these behaviors constantly (foot 

moving and hair and face touching), the amount of time that the participant does these 

same behaviors is coded as a measure of mimicry. 

3.2.3.4 Manipulation of opportunity to mimic 

Participants were randomly assigned to either (1) the no barrier condition in 

which they interacted face-to-face with a confederate and, thus, had an opportunity to 

mimic (because they could see the confederate’s behavior) or (2) the barrier condition in 

which they interacted with a confederate behind a cardboard barrier and did not have 

an opportunity to mimic. For participants in the no barrier condition, foot moving and 

hair and face touching behaviors were considered mimicry. For participants in the 

barrier condition, these same behaviors were considered non-mimicry movement. 

Including the barrier condition as an additional control allowed me (1) to test how much 

foot moving and hair and face touching is mimicry versus non-mimicry movement that 

simply occurs when someone is engaging in a social interaction and (2) to compare the 
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hormonal effect of mimicry in a face-to-face social interaction to the hormonal effect of 

non-mimicry movement in a social interaction behind the barrier.  

3.2.3.5 Study room setup 

The room setup consisted of two chairs facing each other at a 45° angle and a 

table holding a photo stand situated between the chairs. The photo stand displayed 

photos to only the photo describer and allowed both people to have their hands free 

while talking and listening. The photo stimuli consisted of eight neutral nature scenes 

selected from the International Affective Picture System (Lang, Bradley, & Cuthbert, 

1997). Each photo was described for 1 minute until a timer beeped, at which point the 

participant and confederate switched listening and describing roles. 

3.2.3.6 Video coding 

Four independent judges, blind to condition, coded the amount of time 

participants engaged in two types of behaviors: (1) hair and face touching (combined as 

one measure) and (2) foot moving. Overall inter-rater reliability was excellent for hair 

and face touching (r = .98, p < .001) and foot moving (r = .78, p < .001).2 

                                                      

2 Inter-rater reliability coding compiled for all four coders. Each video was spliced into eight one-minute 
segments and was coded based on one-minute increments.  
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3.2.3.7 Hormone collection 

Testing was done between 12:00 pm and 5:00 pm to minimize diurnal variation 

in hormones. Each participant provided three saliva samples to be assayed for 

progesterone and cortisol. The participant provided the first sample upon arrival, the 

second sample 20 minutes after the social feedback manipulation, and the third sample 

40 minutes after the social feedback manipulation. In order to appropriately time saliva 

sampling, participants engaged in a time estimation game as a filler task. Samples were 

immediately sealed and placed in frozen storage post-collection and standard 

procedures for assaying hormones from saliva were used (Dabbs, 1991; Gröschl, 2008; 

Schultheiss & Stanton, 2009). 

3.2.3.8 Questionnaire 

After providing the third saliva sample, participants completed a questionnaire 

on Qualtrics. Participants completed the Hormone Assessment Questionnaire, which 

determined compliance to hormone collection instructions and addressed factors known 

to influence hormones (Schultheiss & Stanton, 2009). Participants also reported 

demographic information. As a manipulation check to assess whether the feedback 

made participants feel socially rejected and socially accepted, participants were asked, 

“How did the feedback make you feel?” and responded using a 5-point Likert scale that 

ranged from very bad (1) to very good (5). The questionnaire ended with questions to 
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assess suspicion regarding the feedback and awareness of the foot moving and face and 

hair touching behaviors. 

3.2.3.9 Hormone assay procedure 

Solid-phase Siemens Healthcare Diagnostics (Los Angeles, CA) Coat-A-Count125 I 

radioimmunoassays for cortisol (TKCO) and progesterone (TKPG) were used following 

well-validated protocols (for details, see Schultheiss & Stanton, 2009). Analytical 

sensitivity, or the average lower limit of detection, was at 3.6 pg/mL (progesterone) and 

.02 ng/mL (cortisol). Saliva samples were counted in duplicate and had a mean intra-

assay coefficient of variation of 7.14% (progesterone) and 6.36% (cortisol). 

Table 1. Means (and standard deviations) for raw progesterone and cortisol by social 

feedback and opportunity for mimicry conditions. 

 
Progesterone (pg/ml) Cortisol (ng/ml) 

Condition T1 T2 T3 T1 T2 T3 

Rejection-No Barrier 37.3 44.2 46.4 2.3 2.3 2.2 
  (17.8) (21.1) (24.9) (1.1) (1.6) (1.3) 

Acceptance-No Barrier 83.8 89.1 94.3 2.6 2.1 1.9 
  (63.3) (69.7) (70.6) (1.9) (1.2) (1.0) 

Rejection-Barrier 52.2 51.1 52.9 1.9 2.3 1.9 
  (28.1) (22.0) (28.4) (1.2) (1.9) (1.2) 

Acceptance-Barrier 57.0 61.7 63.7 1.6 1.5 1.3 
  (44.7) (41.6) (41.9) (0.8) (0.9) (0.6) 
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3.3 Results 

3.3.1 Exclusion criteria 

Exclusion criteria3 for the main analyses fell under three categories: missing 

videos, awareness of mimicry, and outliers. Four participants were missing video data, 

two because of a technical problem and two because they did not give the researchers 

consent to use the video data at the end of the session. Ten participants reported in a 

funneled debriefing that they were aware of the confederate moving her foot and 

touching her hair and face, suggesting that any mimicry that occurred may have been 

conscious. In line with past studies, these participants were excluded (Lakin & 

Chartrand, 2003; Lakin et al., 2008). In order to determine whether any cases were 

exerting a disproportionate influence on the results, Cook’s D was calculated for our 

dependent variables (DVs), mimicry and progesterone change. Outliers were identified 

as cases with a Cook’s D score greater than 1 (Tabachnick & Fidell, 2007). When 

progesterone change is entered as the DV, one participant emerged as an outlier. This 

participant was excluded in addition to participants who did not have video data and 

who were aware of mimicry. After these exclusions, there were 23 participants in the 

rejection/barrier condition, 25 participants in the acceptance/barrier condition, 19 

                                                      

3 Exclusion criteria for the manipulation checks differed from the main analyses. For the manipulation 
checks we tried to include all possible participants. Exclusion criteria for the manipulation checks explained 
within the manipulation check section. 
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participants in the rejection/no barrier condition, and 25 participants in the 

acceptance/no barrier condition, for a total of 92 participants. 

3.3.2 Manipulation checks 

 For the psychological measure of distress, participants were asked, “How did 

the feedback make you feel?” using a 5-point Likert scale that ranged from very bad (1) 

to very good (5). An analysis of variance (ANOVA) with social feedback as the 

independent variable and self-reported reaction to feedback as the dependent variable 

showed that rejected participants felt significantly worse than accepted participants, F 

(1, 85) = 129.50 p < 0.001, ηp2 = .604. Rejected participants reported that the feedback 

made them feel relatively bad (M = 2.45, SD = 0.65) whereas accepted participants 

reported that the feedback made them feel relatively good (M = 4.20, SD = 0.76). For this 

manipulation check, 5 participants from the final sample of 92 did not have data because 

this item was added after 5 participants had completed the study. 

For the physiological measure of distress, I first log transformed raw values of 

cortisol in order to correct for normality violations, then calculated cortisol residualized 

change scores by regressing log-transformed cortisol at time 2 (20 minutes post social 

feedback) on log-transformed cortisol at time 1 (baseline). An ANOVA was conducted 

with social feedback as the independent variable and log-transformed cortisol 

residualized change as the dependent variable. Statistics were computed with cortisol 
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residualized change scores, but for interpretability, means and standard deviations are 

reported as raw cortisol. (See Table 1). Cortisol increased for rejected participants (M = 

0.24 ng/ml, SD = 1.65 ng/ml) and decreased for accepted participants (M = -0.30 ng/ml, 

SD = 1.08 ng/ml). However, the difference in cortisol change between conditions was 

only marginally significant, F (1,90) = 3.06, p = .08, ηp2 = .033. Combined, the 

psychological and physiological measures of distress indicate that rejected participants  

experienced greater distress than accepted participants. Given that cortisol shows a 

diurnal curve of decreasing levels throughout the day (Hruschka, Kohrt, & Worthman, 

2005), the decreases in cortisol in the acceptance condition might be attributed to 

cortisol’s diurnal curve. Furthermore, even levels remaining steady, as in the 

rejection/no-barrier condition (see Table 1) can indicate cortisol release in response to a 

stressor. 

3.3.3 Mimicry 

In order to correct for normality violations, statistics were computed using 

square root transformed mimicry, but for interpretability, I report means, standard 

deviations, and figures with untransformed values. An ANOVA tested for the effects of  

social feedback (rejection vs. acceptance), opportunity for mimicry (no barrier vs. 

barrier), and their interaction, on hair and face touching and foot moving behavior.  
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The interaction between social feedback and opportunity for mimicry 

significantly predicted hair and face touching, F (1, 88) = 7.38, p = .008, ηp2 = .077. The 

primary hypothesis was that being rejected would increase mimicry compared with 

being accepted in the no barrier condition (when participants could see the confederate) 

but not in the barrier condition. To test this hypothesis, planned comparisons tested the 

simple effects of social feedback separately within the no barrier and  barrier conditions. 

In the no barrier condition, in which participants had an opportunity to mimic (mimicry 

measured), rejected participants mimicked the confederate (M = 11.19, SD = 9.80) 

significantly more than accepted participants (M = 4.69, SD = 4.30), F (1, 88) = 6.97, p = 

.010, ηp2 = .072. In the barrier condition, in which participants had no opportunity to 

mimic, there was no statistically significant difference between rejected participants (M = 

6.26, SD = 4.51) and accepted participants (M = 9.45, SD = 8.35) in the amount of time 

spent touching their hair and face, F (1, 88) = 1.354, p = .25, ηp2 = .014. These results 

demonstrate that participants were not simply engaging in more non-mimicry 

movement after being rejected but rather mimicked in a context-specific manner. Since 

significant effects emerged only for hair and face touching, but not for foot moving4, all 

subsequent analyses report only hair and face touching as the behavioral measure of 

                                                      

4 Recent studies have also only found significant results with hair and face touching mimicry and not foot 
moving mimicry (Duffy & Chartrand, 2015; Liu et al., 2017; Rachl & Leander, 2017).  
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mimicry and non-mimicry movement (See Figure 5. In the no barrier condition, in 

which participants could mimic the hair and face touching behavior of a 

confederate, rejected participants touched their hair and face significantly more 

than accepted participants. However, in the barrier condition, in which participants 

could not mimic the hair and face touching behavior of a confederate, rejected and 

accepted participants did not differ in their amount of hair and face touching. These 

findings highlight the functional role of mimicry for rejected participants. The error 

bars refer to 95% confidence intervals. 
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Figure 5. In the no barrier condition, in which participants could mimic the hair and 

face touching behavior of a confederate, rejected participants touched their hair and 

face significantly more than accepted participants. However, in the barrier condition, 

in which participants could not mimic the hair and face touching behavior of a 

confederate, rejected and accepted participants did not differ in their amount of hair 

and face touching. These findings highlight the functional role of mimicry for 

rejected participants. The error bars refer to 95% confidence intervals. 

3.3.4 Progesterone 

To calculate progesterone change, progesterone was log-transformed to correct 

for normality violations, and progesterone residualized change scores were calculated 

by regressing log-transformed progesterone at time 2 (20 minutes post social feedback) 
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on log-transformed progesterone at time 1 (baseline). Statistics were computed with log-

transformed progesterone residualized change scores, but for interpretability, I report 

means and standard deviations in terms of raw progesterone (see Table 1). An ANOVA  

tested for the effects of social feedback (rejection vs. acceptance), opportunity for 

mimicry (no barrier vs. barrier), and their interaction, using log-transformed 

progesterone residualized change. There was no significant interaction between social 

feedback (rejection vs. acceptance) and opportunity for mimicry (barrier vs. no barrier) 

on progesterone change, F (1, 88) = 0.52, p = .48, ηp2 = .006. Furthermore, there were no 

significant main effects of social feedback, F (1, 88) = 1.94, p = .17, ηp2 = .022, and 

opportunity for mimicry, F (1, 88) = 0.09, p = .76, ηp2 = .0015. 

Although the total effect of the interaction of social feedback by opportunity to 

mimic on log-transformed progesterone residualized change was not significant, many 

researchers argue that there does not need to be a significant “effect to be mediated” in 

order to test for mediation (Collins, Graham, & Flaherty, 1998; Hayes, 2013; MacKinnon, 

Krull, & Lockwood, 2000; Shrout & Bolger, 2002; Zhao, Lynch Jr., & Chen, 2010). In fact, 

                                                      

5 We tested the effect of progesterone over time by conducting a repeated measures ANOVA. There was no 
significant interaction of the between-subject variables (social feedback and opportunity to mimic) on 
progesterone change over time (baseline, 20 minutes post social feedback, 40 minutes post social feedback), 
F (1, 88) = 1.48, p = .23, ηp2 = .03. For within-subjects effects, we find that the linear effect of progesterone is 
significant, F (1, 88) = 9.02, p = .003, ηp2 = .09, while the quadratic effect of progesterone is not significant, F (1, 
88) = 1.96, p = .17, ηp2 = .02, which indicates that progesterone continues to increase rather than level off after 
an initial increase. 
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Zhao et al. (2010) argued that the statistical test of X on Y test (total effect test) is 

irrelevant to establishing mediation because the total effect is the sum of the direct and 

indirect effects. If the direct and indirect effects have opposite signs, they can cancel each 

other out, resulting in a non-significant total effect. Zhao et al. (2010) asserted that the 

only requirement for establishing mediation is a significant indirect effect. Although the 

interaction was not significant, I tested the indirect pathway in order to assess whether 

social feedback affects progesterone change through mimicry.  

3.3.5 Moderated mediation model 

To test whether mimicry mediated progesterone change, I conducted a 

moderated mediation analysis using Model 8 in the PROCESS macro (Hayes, 2013). 

Social feedback (rejection vs. acceptance) was identified as the independent variable.  

Opportunity to mimic (no barrier vs. barrier) was set as the moderator of the paths 

between social feedback and progesterone change as well as between social feedback 

and square root transformed hair and face touching. Square root transformed hair and 

face touching (mimicry/non-mimicry movement) was set as the mediator, and log-

transformed progesterone residualized change as the outcome variable6. All analyses 

used 5,000 bootstrap resamples. The indirect effect of the highest order interaction 
                                                      

6 When we controlled for menstrual cycle phase, the results are still significant. The indirect effect of the 
highest order interaction indicates significant mediation, 95% CI [0.010, 0.205] and this is further qualified by 
the conditional indirect effect when no barrier is present, 95% CI [0.006, 0.159], but not when the barrier is 
present, 95% CI [-0.080, 0.006]. 
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indicated that the effect of social feedback on change in progesterone was significantly 

mediated through hair and face touching (mimicry/non-mimicry movement), 95% CI 

[0.009, 0.209]. This finding was further qualified by assessing the conditional indirect 

effect at the two levels of the moderator: opportunity to mimic. When no barrier was 

present, the effect of social feedback on change in progesterone was significantly 

mediated through mimicry, 95% CI [0.004, 0.153]. When the barrier was present, 

preventing mimicry, as expected, there is no significant indirect effect of social feedback 

on change in progesterone through hair and face touching, 95% CI [-0.085, 0.008]. The 

reverse model was also tested with log-transformed progesterone residualized change as 

the mediator and square root transformed hair and face touching as the outcome 

variable, which revealed no significant mediation, 95% CI [-0.128, 0.401]7 (See Figure 6).  

                                                      

7 The results for the moderated mediation model are the same when using log transformed progesterone 
residualized scores computed from time 1 to time 3. The indirect effect of the highest order interaction 
indicates significant mediation, 95% CI [0.023, 0.290] and this is further qualified by the conditional indirect 
effect when no barrier is present, 95% CI [0.010, 0.218], but not when the barrier is present, 95% CI [-0.118, 
0.011]. 
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Figure 6. Moderated mediation model showing that mimicry (hair and face touching 

that occurs when there is no barrier) mediates the effect of social feedback on 

progesterone change. *p < .05. **p < .001. 

3.4 Discussion 

The psychological and physiological effects of mimicry – increasing affiliation 

and decreasing psychosocial distress – have considerable importance for rejected 

individuals. These results not only replicate previous behavioral findings that social 

rejection leads participants to mimic more (Lakin et al., 2008) but also sheds light on a 

possible physiological mechanism that may promote mimicry’s psychological effects. 

The results suggested that mimicry mediated the relationship between social feedback 

and progesterone change, such that mimicry was related to an increase in progesterone 

following social rejection. Thus, these results suggest that mimicry might release a 
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hormonal cascade that reinforces reaffiliation following rejection. This robust behavioral 

paradigm provided preliminary evidence for a physiological mechanism for the effects 

of mimicry. 

The mediation model suggested that mimicry may facilitate progesterone 

release, with the implication that this hormonal release increases affiliation and 

decreases psychosocial distress. Research supports this conclusion. For example, 

progesterone has been associated with affiliation in humans (Brown et al., 2009; 

Schultheiss et al., 2003, 2004; Wirth & Schultheiss, 2006), and animal studies suggest a 

link between progesterone and reduced stress (Bitran et al., 1993, 1995; Romeo et al., 

1993). Progesterone increases allopregnanolone, which acts to reduce the stress response 

by acting on GABA receptors in the brain and downregulating gene transcription for 

corticotrophin-releasing hormone in the HPA axis (Bitran et al., 1993, 1995, Patchev et 

al., 1996, 1994). Based on evidence from animal models, we can extrapolate to humans to 

suggest that this increase in progesterone has the potential to reduce stress (Bitran et al., 

1993, 1995; Patchev et al., 1994). Thus, these results suggest a novel pathway by which 

mimicry might exert its psychological effects.  

 Although these results suggest that mimicry affects the release of progesterone, 

this study has considerable limitations. The sample size is small given the complexity of 

the mediation model. Therefore, the results are merely suggestive and not definitive of 
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the causal direction between mimicry and progesterone. Furthermore, the temporal 

cascade of events is uncertain given the ambiguity regarding when hormones passively 

diffuse from blood into saliva. Hormones are released into the blood within minutes of 

an event and then hormones diffuse from blood into saliva within 10-20 minutes (Riad-

Fahmy, Read, Walker, Walker, & Grifiths, 1987). Thus, the saliva sample taken 20-

minutes after receiving social feedback could measure hormones immediately following 

social feedback or during the social interaction. Despite this uncertainty, the mediation 

model using the saliva sample taken 40-minutes after receiving social feedback shows a 

similar pattern of results, which gives greater confidence that the saliva samples 

collected 20-minutes and 40-minutes after social feedback both gauge hormone response 

to the social interaction. Since only women were tested, findings cannot be generalized 

to men. Future research should test whether affiliative behaviors such as mimicry lead to 

the release of progesterone in men. Furthermore, mimicry is not the only factor that 

varied in the face-to-face social interaction compared with the social interaction behind 

the barrier. For example, in addition to mimicry, participants could engage in other 

affiliative behaviors such as smiling, nodding, and gazing at their interaction partner. 

Given this, mimicry might better be thought of as a proxy for affiliative behaviors in 

general. Therefore, the results suggest that affiliative behaviors such as mimicry increase 

progesterone but do not conclusively show that mimicry alone causes this effect. Future 
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research should include a control condition in which participants receive no feedback in 

order to assess whether positive feedback decreases mimicry or negative feedback 

increases mimicry relative to baseline. Furthermore, in the barrier condition, participants 

could have compensated for the inability to engage in behavioral mimicry by engaging 

in verbal mimicry. Future research should explore whether people do indeed 

compensate with another form of mimicry when they cannot engage in a particular form 

of mimicry. This question should be explored in populations who cannot mimic 

behavioral, verbal, or emotional expressions due to blindness, deafness, or facial 

paralysis (i.e., in Möbius Syndrome).  

The current findings clarify an interesting result from research that assessed the 

hormonal effect of social rejection (Maner, Miller, Schmidt, & Eckel, 2010). The authors 

found that social rejection led to increases in progesterone but only for participants high 

in rejection sensitivity and not for participants high in social anxiety. Although the 

difference in progesterone release between these groups was attributed to contrasting 

social approach-avoidance motivations, the paradigms that led to these opposing results 

differed on one potentially critical dimension: whether participants anticipated engaging 

in a face-to-face interaction. In the paradigm demonstrating a progesterone increase for 

highly rejection-sensitive participants, rejected participants anticipated an opportunity 

to affiliate with another person in a face-to-face interaction, while in the paradigm 
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reporting a progesterone decrease for highly socially anxious participants, rejected 

participants did not anticipate such an opportunity. This pattern might indicate that  

anticipating a face-to-face interaction may interact with individual difference factors to 

influence progesterone release. Study 3 takes this further by showing that mimicry that 

occurs in a face-to-face interaction mediates the link between social feedback and 

progesterone change.  

In sum, this study provides novel evidence for how motivational, behavioral, 

and hormonal mechanisms of affiliation might be linked. Mediation analysis showed 

that mimicry behavior mediates progesterone change. The results support the notion 

that progesterone might be a physiological pathway that facilitates the psychological 

effects of mimicry. This research expands upon previous findings showing that social 

rejection activates an affiliative motivation, which increases behavioral mimicry. The 

current results find support for the idea that mimicry then releases progesterone, which 

may increase affiliation and decrease psychosocial distress. 
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4. Enhancing Activation in the Right Temporoparietal 
Junction Using Theta-Burst Stimulation: A Test of Two 
Hypotheses of Top-Down Control of Behavioral Mimicry 

4.1 Introduction 

Mimicry occurs in nearly every social interaction – from mimicking an 

interaction partner’s postures and gestures to facial expressions and verbal patterns. 

Even though the mimicker and the mimicked are generally not aware of its occurrence, 

mimicry has been shown to increase liking of the mimicker (Chartrand & Bargh, 1999), 

enhance the smoothness of the interaction (Chartrand & Bargh, 1999), increase feelings 

of affiliation and rapport (Lakin & Chartrand, 2003), and facilitate prosocial behavior 

(van Baaren et al., 2004). Given the functional role that mimicry plays in social 

interactions, it makes sense that goals, occurring consciously and nonconsciously, affect 

mimicry. As discussed in Section 1.2.1, affiliation goals increase mimicry, and people 

mimic others in in a goal-directed, context-dependent way in order to establish 

affiliation. 

The fact that goals moderate mimicry implies top-down control of mimicry. 

Originally, researchers thought of mimicry as a bottom-up process, which was referred 

to as the perception-behavior link, a process that links the mere perception of a behavior 

to a tendency to enact the behavior oneself (Chartrand & Bargh, 1999). Research, 
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however, has demonstrated that mimicry is also influenced by goals, which implies top-

down control of mimicry.  

Neuroscience has examined top-down control of mimicry from a different 

perspective than psychology. Unlike psychology, which has focused on how goals 

adaptively modulate mimicry, neuroscience has instead concentrated on identifying 

which brain regions are involved in top-down control. From the neuroscience 

perspective, a top-down control mechanism is necessary in order to distinguish between 

self-generated from other-generated motor representations, which could be confused 

because of neural systems that give rise to mimicry.  

Motor representations are patterns of neural firing. Because of mirror neurons, 

which are active both during action production (self) and action perception (other), the 

motor representations of self and other are overlapping (Gallese, Fadiga, Fogassi, & 

Rizzolatti, 1996; Rizzolatti, Fogassi, & Gallese, 2001). This neural system of common 

coding between perception and action gives rise to shared motor representations of self 

and other, blurring the boundary between action and perception, self and other 

(Rizzolatti et al., 2001). Shared representations explain the tendency for people to mimic 

one another, but they cannot explain why we do not mimic everything that we see 

others do. Because activation of the mirror neuron system does not always lead to 

mimicry, this implies top-down control of mimicry.  
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Neuroscience evidence from fMRI studies suggests that top-down control of 

mimicry may be accomplished by the rTPJ (Brass, Derrfuss, & von Cramon, 2005; Brass, 

Ruby, & Spengler, 2009; Santiesteban et al., 2012; Sowden & Catmur, 2013). In order to 

study the control of imitation in a scanner, researchers have used a paradigm in which 

participants perform instructed finger movements while observing finger movements 

that are either congruent with their instructions (imitation) or incongruent with their 

instructions (imitation inhibition). The incongruent trials require participants to inhibit 

the automatic tendency to imitate observed movements. In order to successfully inhibit 

imitation, the participant must be able to distinguish between motor representations 

evoked by oneself versus the other person. When this ability is enhanced, the tendency 

to imitate incongruent finger movements is reduced, resulting in faster performance of 

the instructed finger movement. 

One of the first studies that implicated the rTPJ in the control of imitation was an 

fMRI study designed to test whether the control of imitation relies on the same brain 

regions as the control of dominant response tendencies, i.e. the Stroop task (Brass et al., 

2005). The results indicated that while inhibiting a dominant response is associated with 

higher activation in the prefrontal cortex, inhibiting an imitative response is associated 

with higher activation in brain regions involved in distinguishing oneself from other 

people, such as the rTPJ (Brass et al., 2005). Other fMRI research has corroborated these 
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findings (Brass et al., 2009). Together, these studies show a correlation between rTPJ 

activation and control of imitation, suggesting that rTPJ is involved in top-down control 

of mimicry, enabling people not to automatically imitate all actions that they observe 

others perform. 

Given this promising correlational fMRI evidence, researchers wanted to 

determine whether the rTPJ plays a causal role in the control of imitation. To date, three 

studies show that neuromodulation of the rTPJ affects imitative control (Hogeveen et al., 

2014; Santiesteban et al., 2012; Sowden & Catmur, 2013). In a transcranial direct current 

stimulation (tDCS) study, excitatory stimulation increased activation in the rTPJ, leading 

to improved control of imitation (Santiesteban et al., 2012). Further evidence 

corroborating these findings comes from a study using repetitive transcranial magnetic 

stimulation (rTMS) (Sowden & Catmur, 2013). In this study, inhibitory stimulation 

decreased activation of the rTPJ, leading to poorer control of imitation. This was 

indicated by slower response times for incongruent trials compared to congruent trials 

when participants received rTMS to the rTPJ compared with a control site. Overall, these 

studies show that inhibitory stimulation (via TMS) impairs imitative control whereas 

excitatory stimulation (via tDCS) enhances imitative control. 

The literature offers two hypotheses for how the rTPJ modulates mimicry. The 

first hypothesis suggests that rTPJ affects self-other overlap such that higher activation 



 

 82

increases the distinction between oneself and others (Brass et al., 2009; Decety & 

Sommerville, 2003). The assumption in this hypothesis is that as the distinction between 

oneself and other increases, motor representation of self will be enhanced over motor 

representations of other, meaning that it will be easier to enact self-generated motor 

plans and ignore other-generated motor patterns. According to this hypothesis, higher 

activation in the rTPJ should lead to less mimicry in social interactions.  

The second hypothesis suggests that the rTPJ affects control of self-other 

representations such that higher activation increases control, allowing people to switch 

between representations of themselves and others and to enhance either the 

representation of self over other or other over self in a flexible, adaptive, and goal-

directed manner (Cook, 2014). According to this hypothesis, higher activation in the rTPJ 

should lead to more mimicry in social interactions because doing so is adaptive.  

Thus far, most studies have not sought to distinguish between these two 

hypotheses. But  even if they wanted to, these hypotheses cannot be pitted against one 

another in the imitation inhibition paradigm because, in this paradigm, both hypotheses 

make the same prediction. In the imitation inhibition paradigm, higher rTPJ activation 

leads to less automatic imitation, which is required for successful performance on the 

task. This outcome could be explained by either hypothesis. According to hypothesis 1, 

higher rTPJ activation could decrease the automatic tendency to imitate by increasing 
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the distinction between oneself and others, enhancing representations of self over other. 

According to hypothesis 2, however, higher rTPJ activation could decrease the automatic 

tendency to imitate by increasing control of self-other representations, enhancing the 

representation of self over other in an adaptive, goal-directed manner in order to 

perform successfully at the task.  

A true test of these hypotheses would pit an adaptive response against a non-

adaptive response. For example, mimicry occurring within a social interaction is 

adaptive and requires enhancement of representations of other over self. According to 

hypothesis 1, if higher rTPJ activation simply increases the self-other distinction, 

enhancing representations of self over other, then higher rTPJ activation should lead to 

less mimicry in a social interaction. According to hypothesis 2, if higher rTPJ activation 

flexibly controls self-other representations in a goal-directed manner, then 

representations of other should be enhanced over representations of self and higher rTPJ 

activation should lead to increased mimicry since mimicry serves an adaptive function 

in social interactions.  

Only one study has attempted to test these competing hypotheses (Hogeveen et 

al., 2014). In this study, the researchers increased activation in either the rTPJ or the right 

inferior frontal cortex (rIFC) using transcranial direct current stimulation (tDCS) before 

participants engaged in three tasks: (1) a social interaction task in which mimicking is an 
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adaptive behavior, (2) an imitation inhibition task in which imitation needs to be 

inhibited for successful performance, and (3) a non-imitative control task. The results 

showed that, relative to a sham control, increased activation in the rIFC led to greater 

imitative control in the imitation inhibition task as well as higher mimicry in the social 

interaction task (Hogeveen et al., 2014). On the contrary, increased activation in the rTPJ 

led to greater imitative control in the inhibition task but did not affect mimicry in the 

social interaction task. However, determining whether the null effect reflects the absence 

of an effect or is due to low statistical power to detect an effect (which could be due to 

tDCS being less spatially precise and having a weaker effect) is difficult. For this reason, 

I tested the effect of rTPJ activation on mimicry by using a form of rTMS called theta-

burst stimulation (TBS), which produces effects that are stronger and longer lasting than 

standard rTMS protocols (Huang, Edwards, Rounis, Bhatia, & Rothwell, 2005). 

Furthermore, TMS is more precise than tDCS because it has better spatial resolution and 

the ability to target stimulation sites using neuronavigation. Better spatial resolution 

provides more precision in stimulating a desired brain region without inadvertently 

stimulating the surrounding cortex. Using neuronavigation allows us to precisely 

localize the rTPJ on each participant’s brain scan by using MNI coordinates that 

correspond to the specific region of activation involved in the control of imitation as 

implicated by previous fMRI studies.  
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To provide a direct test of these two competing hypotheses, participants were 

randomized to receive either active or sham intermittent TBS (an excitatory pattern of 

stimulation) to the rTPJ in a between-subjects design. After receiving either active or 

sham iTBS, participants’ mimicry of another person was measured in a social 

interaction. Following this, I conducted a procedure that tested the extent to which each 

participant was affected by either active or sham iTBS, depending on assigned condition. 

The reason for testing the effect of iTBS at the individual level rather than only the group 

level is that high interindividual variability in response to iTBS has been reported 

(Dickins, Sale, & Kamke, 2015; Hamada, Murase, Hasan, Balaratnam, & Rothwell, 2012; 

Hinder et al., 2014; Lopez-Alonso, Cheeran, Rio-Rodriguez, & Fernandez-del-Olmo, 

2014; Vallence, Kurylowicz, & Ridding, 2013). Therefore, there is concern that those who 

do not show the iTBS facilitation effect will also not show behavioral effects after 

receiving iTBS to the rTPJ. In order to quantify interindividual variability in response to 

iTBS, percent change in MEPs from before and after iTBS were calculated.    



 

 86

4.2 Methods 

4.2.1 Participants 

Fifty-three right-handed1 participants ages 18-40 were recruited from fMRI study 

subject pools. These pools were targeted because participants were eligible for the study 

only if they already had a structural brain scan. Participants in the subject pool were 

notified by email about the study. If participants were interested, they were screened on 

the phone to determine eligibility. When participants arrived at the lab, they signed 

written consent forms. Then, after being screened for history of neurological disease, 

participants provided a urine sample for drug and pregnancy testing (if female). The 

purpose of the urine drug test was to be sure the participant did not have any drugs or 

medications in their system that could increase the risks of seizure during TMS. Before 

and after iTBS, participants completed a measure of mood. After iTBS, potential side 

effects were assessed. At the end of the study, participants were thoroughly debriefed 

and given the opportunity to release their video data. Participants then completed 

payment forms and were mailed checks as compensation for their time. The study 

received approval by the Duke Medicine Institutional Review Board. 

One participant failed the drug test so did not complete the study. Furthermore, 

three participants were excluded because they reported that they noticed the 

                                                      

1 Two participants reported being ambidextrous.  
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confederate touching her hair and face and they noticed themselves touching their hair 

and face as well.  

Additionally, 15 participants (one of which also noticed themselves touching 

their hair and face) were excluded due to a failed manipulation. One goal of the study 

was to test whether the effect of rTPJ activation on mimicry is moderated by having an 

affiliation goal. Theoretically, if higher activation in rTPJ leads to better top-down 

control of self and other representations in line with goals, then an affiliation goal 

should enhance the other’s motor representation, leading to increased mimicry. 

However, the affiliation goal manipulation did not have the intended effect of increasing 

affiliation motivation. As a manipulation check, at the end of the study, we asked 

participants to rate on a 5-point scale (1 = not at all to 5 = very much so): “How motivated 

were you to get along with the other participant?” An ANOVA was conducted with 

affiliation goal condition (no goal vs. goal) as the independent variable and self-reported 

motivation to get along as the DV. The result revealed that, although marginal, the 

manipulation actually had an opposite effect from that which was intended, F(1, 47) = 

2.98, p = .091, η2 = .06, leading to lower affiliation motivation for those in the affiliation 

goal condition (M = 3.79, SD = 0.80) compared to those in the no affiliation goal 



 

 88

condition (M = 4.26, SD = .0.89). After excluding those participants in the affiliation goal 

condition2, 35 participants remained in the dataset.  

4.2.2 Procedure 

4.2.2.1 Individual differences 

Participants were sent an email with a link to a questionnaire to complete before 

arriving for their study session. Studies have shown that mimicry correlates with 

extraversion (Duffy & Chartrand, 2015), self-monitoring (C. M. Cheng & Chartrand, 

2003), cognitive empathy (Chartrand & Bargh, 1999), and need to belong (Duffy, Harris, 

Chartrand, & Stanton, 2017). Thus, this questionnaire included scales that have 

correlated with mimicry in previous studies: Goldberg’s Mini-Markers (Saucier, 1994), 

Eighteen-Item Measure of Self-Monitoring (Snyder & Gangestad, 1986), Perspective-

Taking Subscale of Interpersonal Reactivity Index (Davis, 1980), and Need to Belong 

Scale (Leary, Kelly, Cottrell, & Schreindorfer, 2013). Scores on these scales were assessed 

as potential covariates. The questionnaire also gathered data on age, race, and 

handedness. 

                                                      

2 In order to test for whether affiliation goal condition moderated the effect of TMS condition on hair and 
face touching, I conducted a repeated measures ANOVA with affiliation goal condition (no goal vs. goal) 
and TMS condition (sham vs. active) as the between-subjects factors, confederate as a covariate, and hair 
and face touching while alone (baseline) and during the social interaction (mimicry) as the within-subjects 
factor. There was a marginally significant interaction effect of affiliation goal condition by TMS condition on 
hair and face touching, F(1, 44) = 3.27, p = .077.  Participants in the affiliation goal condition were excluded 
because the manipulation failed to increase affiliation motivation and the marginal interaction effect 
complicated interpretation of the data. 



 

 89

4.2.2.2 Motor threshold 

As recommended by safety guidelines, motor threshold was used to determine 

the intensity of stimulation for each participant. Resting motor threshold was 

determined using the right hemisphere. In order to determine the motor threshold, 

motor evoked potentials were measured using electromyography (EMG), with an 

electrode attached to the first dorsal interosseous. The scalp region producing motor 

evoked potentials (MEPs) with the largest amplitude was identified and visually 

confirmed by movement of the index finger. Once the correct scalp region was 

identified, resting motor threshold was estimated using the Parameter Estimation by 

Sequential Testing (PEST), a computerized algorithm that uses a maximum-likelihood 

strategy (Mishory et al., 2004). After resting motor threshold was identified, active motor 

threshold was calculated using the formula: resting motor threshold = 120% active motor 

threshold (Rossi, Hallett, Rossini, & Pascual-Leone, 2009). 

4.2.2.3 Theta-burst stimulation 

Brainsight software provided precise MRI-guided TMS coil placement on the 

scalp to target rTPJ. Prior to the study, structural MRI scans were manually registered to 

the standard MNI-152 template in the Brainsight neuronavigation system (Rogue 

Research, Montreal, Canada). The MNI coordinates used to localize rTPJ were based on 

a previous TMS study (Sowden & Catmur, 2013) that derived these coordinates from the 
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average of the peak coordinates found by Brass and colleagues (2005, 2009) and Spengler 

and colleagues (2009) when investigating the control of imitation. The rTPJ was targeted 

using MNI coordinates 54, −47, 26 and the appropriate trajectory of stimulation was set 

for each participant. Landmarks were set on the surface reconstruction. 

During the procedure, the participant was seated in a comfortable chair and 

wore earplugs. Participants received either sham or active iTBS, an excitatory form of 

stimulation that increases activation in the stimulated brain region. The iTBS protocol 

consisted of trains of three pulses of TMS at 50 Hz beginning every 200 ms and delivered 

at 80% of active MT. There were 20 2 s trains, delivered beginning every 10 s for a total 

stimulation period of 192 s (a total of 600 pulses). The stimulation intensity was set to 

80% of active motor threshold (Huang et al., 2005). All the procedures for active and 

sham stimulation were the same except that for sham stimulation, the coil was flipped 

180 degrees so that the scalp was shielded from the magnetic field output while 

retaining the auditory and some of the tactile aspects of active stimulation.  

4.2.2.4 Measure of behavioral mimicry 

Mimicry was again measured using the photo description task (Chartrand & 

Bargh, 1999). While the participant and the confederate took turns describing photos, the 

confederate constantly touched her hair and face. The participant was video recorded 

using a hidden camera both before the interaction when the participant was alone to 
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determine how much he or she touched his or her hair and face at baseline and during 

the social interaction to measure how much the participant touched his or her hair and 

face while interacting with the confederate who engaged in these behaviors. The videos 

were later coded for how much time the participant touched his or her hair and face 

while alone and during the social interaction and a rate of hair and face touching was 

calculated. For consistency, only the first 30 s that participants were alone in the room 

were coded.  

4.2.2.5 Quantifying individual response to theta-burst stimulation 

In the same location that was used to determine motor threshold, participants 

received 25 single pulses of TMS (jittered 6 to 9 seconds apart) to evoke motor potentials 

from the first dorsal interroseous muscle. Individual MEP trials were excluded if there 

was greater than 50 μV of EMG activity in the 50ms prior to the TMS pulse.  

This procedure was performed both before and after receiving iTBS to the same 

location on the motor cortex. For this procedure, TMS intensity was set to 120% of 

resting motor threshold. Percent change in motor evoked potentials before and after 

iTBS was calculated to determine whether change in MEPs, particularly following active 

stimulation, accounted for variance in hair and face touching during the interaction. For 

this procedure, if participants received active iTBS to the rTPJ, then they received active 
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iTBS to the motor cortex; if participants received sham iTBS to the rTPJ, then they 

received sham iTBS to the motor cortex.  

4.2.2.6 Funneled debriefing 

Suspicion regarding the experimental manipulations was probed in a 

questionnaire that asked participants what they thought the purpose of the study was.  

Participants also rated how motivated they were to get along with the other participant 

(1 = not at all to 5 = very much); how much effort they made to get along with the other 

participant (1 = none to 5 = a lot); how much they thought the other participant liked 

them (1 = not at all to 5 = very much); whether or not participants thought that iTBS 

affected their behavior; whether or not participants noticed the other participant 

engaging in any particular gestures and mannerisms; whether or not participants 

noticed themselves engaging in any of these same gestures and mannerisms; and 

whether or not participants thought they received active versus sham iTBS; and how 

confident participants felt about their answer (1 = very unconfident to 5 = very confident).    

4.3 Results  

In order to correct for normality violations, the amount of time that participants 

spent touching their hair and face was square root transformed. Although all analyses 

use the square root transformation, all figures depict raw values of hair and face 

touching for interpretability.  
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4.3.1 Effect of TMS on behavioral mimicry 

In order to test the effect of iTBS condition (sham vs. active) on behavioral 

mimicry, a mixed-model ANOVA was conducted with iTBS condition as the between-

subjects factor, confederate as a covariate (dummy-coded for the two confederates),3 and 

time (baseline vs. interaction) as the within-subjects factor. The interaction of iTBS 

condition and time was significant, F(1, 32) = 4.56, p = .04, η2 = .08. Tests of simple effects 

using Bonferroni-corrected t-tests revealed that participants in the active stimulation 

condition touched their hair and face significantly less in the social interaction compared 

to baseline, p = .007, whereas there was no difference between baseline and social 

interaction for participants in the sham stimulation condition, p = .82.  

                                                      

3 Confederate was included as a covariate because it significantly affects the within-subjects factor, hair and 
face touching. In a mixed models ANOVA with confederate as the between-subjects factor and hair and face 
touching at baseline and during the social interaction as the within-subjects factor, there is a significant 
interaction, F(1, 33) = 15.85, p < .001, η2 = .31. However, confederate does not interact with iTBS condition.  
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Figure 7. The effect of iTBS condition (sham vs. active stimulation) on hair and face 

touching. In order to control for baseline hair and face touching, a repeated measures 

ANOVA was used with time (baseline vs. interaction) as the within-subjects factor 

and iTBS condition as the between-subjects factor. 

4.3.2 Individual difference in response to iTBS 

Research shows that there is high interindividual variability in response to iTBS 

(Dickins et al., 2015; Hamada et al., 2012; Hinder et al., 2014; Lopez-Alonso et al., 2014; 

Vallence et al., 2013). In order to quantify individual differences in response to iTBS, we 

calculated change in MEPs after participants received either sham or active stimulation. 

We did this to verify that active stimulation, relative to sham stimulation, led to 

increased brain activation in the stimulated region as indicated by positive change in 
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MEPs after stimulation and to test whether a greater facilitation effect is associated with 

a stronger behavioral effect on mimicry.  

Ten participants were excluded from these analyses involving change in MEPs. 

Three participants were excluded because this protocol was added after they had 

participated in the study, and seven participants were excluded due to equipment 

malfunction. Because some of these 10 participants were already excluded from the 

main dataset for other reasons, 31 participants remained in the dataset for these analyses 

after excluding these participants.  

First, I tested whether iTBS condition predicted percent change in MEPs. An 

ANOVA was conducted with iTBS condition set as the independent variable and 

percent change in MEPs set as the dependent variable. iTBS condition did not 

significantly predict change in MEPs, F(1, 29) = 0.03, p = .86, η2 = .001. On average, both 

active stimulation (M = 2.69%, SD = 28.02%) and sham stimulation (M = 4.57%, SD = 

29.56%) show a slight facilitation effect.  

Second, I tested whether percent change in MEPs accounts for variance in hair 

and face touching, specifically in the active stimulation condition. I first calculated 

change in hair and face touching by subtracting baseline hair and face touching from 

hair and face touching during the social interaction. Then, I ran a regression analysis in 

which change in MEPs, iTBS condition, and the interaction of change in MEPs and iTBS 
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condition were the predictor variables and change in hair and face touching was the 

outcome variable. The interaction term was included because percent change in MEPs 

should account for variance in hair and face touching only in the active stimulation 

condition. As expected, the main effect of change in MEPs on hair and face touching was 

not significant, t(26) = -.56, p = .58. However, the interaction was also not significant, 

t(26) = 0.84, p = .41. Taken together, these results indicate that the extent to which iTBS 

exhibited a facilitatory or inhibitory effect (as indicated by percent change in MEPs) did 

not significantly explain variance in hair and face touching, and this effect was not 

significantly moderated by TMS condition. 

4.4 Discussion 

This study pitted two hypotheses against one another to determine the role of the 

rTPJ in top-down control of mimicry. Previous studies have not been able to distinguish 

between these two hypotheses because, in the imitation-inhibition paradigm, both 

hypotheses make the same prediction. A strong test of these hypotheses requires that 

they make different predictions. In the case of mimicry in social interactions, the two 

hypotheses make opposite predictions. If rTPJ simply distinguishes between 

representations of self from other, then higher activation should lead to less mimicry in a 

social interaction. If, however, rTPJ flexibly controls self-other representations in a goal-
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directed manner, then higher activation should lead to increased mimicry in a social 

interaction since mimicry serves an adaptive social function. 

This study showed that, for participants in the active stimulation condition, hair 

and face touching was, contrary to expectations, significantly lower during the social 

interaction compared to baseline. This finding suggests that higher activation in the rTPJ 

increased the distinction between representations of self and other, specifically biasing 

representations of self over other, leading to less mimicry. This finding is in line with 

other research showing that increased activation in the rTPJ enhancing representations 

of self over other (Heinisch, Dinse, Tegenthoff, Juckel, & Brüne, 2011). For example, an 

rTMS study showed that higher rTPJ activation led to faster recognition of the 

participant’s own face as it emerged from a familiar face (Heinisch et al., 2011). The 

results from study 4 do not support the hypothesis that higher activation in the rTPJ 

leads to flexible control of self-other representations, enhancing representations of self 

over other or other over self in line with goals. Instead, these results suggest that rTPJ 

plays a role in distinguishing between self and other, biasing toward self representations 

over other with higher activation.   

Despite the fact that study 4 used the same iTBS protocol as Huang et al. (2005), 

which reported large facilitatory effects of iTBS in a small sample, it did not replicate 

their findings. In the literature, the effect of iTBS on MEPs have been inconsistent, with 
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some studies finding large facilitatory effects (Di Lazzaro et al., 2011; Hinder et al., 2014; 

Huang et al., 2005; Zafar, Paulus, & Sommer, 2008) and other studies finding no effect 

overall (Hamada et al., 2012; Player, Taylor, Alonzo, & Loo, 2012; Vallence et al., 2013). 

Furthermore, high interindividual variability in response to iTBS has been reported by 

many studies (Dickins et al., 2015; Hamada et al., 2012; Hinder et al., 2014; Lopez-Alonso 

et al., 2014; Vallence et al., 2013). In fact, many participants do not show a facilitation 

effect of iTBS at all. The results of five studies demonstrated that only 43-73% of 

participants showed a facilitation effect of iTBS (Dickins et al., 2015; Hamada et al., 2012; 

Hinder et al., 2014; Lopez-Alonso et al., 2014; Vallence et al., 2013). The current findings 

are in line with this previous research as only 53% of participants showed a facilitation 

effect.  

Another factor that could explain this null result is that the strength and 

direction of the effect of iTBS changes over time. According to one study, the effect of 

iTBS was inhibitory at 5-minutes post stimulation and facilitatory at 15-minutes post 

stimulation (Dickins et al., 2015). Another study showed that the facilitatory effect of 

iTBS was strongest 15 minutes after stimulation (Iezzi et al., 2008). Although the social 

interaction in study 4 occurred 5-15 minutes after stimulation, when the effects were 

likely the strongest, MEPs were measured 1 to 2 minutes after iTBS, which could explain 
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why a significant difference between active stimulation and sham stimulation on percent 

change in MEPs was not obtained.  

Furthermore, iTBS facilitation effects are sensitive to muscle movements. In fact, 

muscle movements before and during iTBS can eliminate or even reverse the facilitatory 

effects of iTBS (Huang, Rothwell, Edwards, & Chen, 2008; Iezzi et al., 2008). In one 

study, the effect of iTBS became inhibitory rather than facilitatory when participants 

engaged in voluntary finger movements prior to receiving iTBS (Iezzi et al., 2008). In 

another study, the facilitatory effect of iTBS was eliminated if the target muscle was 

tonically contracted while iTBS was performed (Huang et al., 2008). In study 4, 

participants were not given specific instructions about keeping their hand relaxed prior 

to and during receiving iTBS to the motor cortex.  

Interindividual differences in response to iTBS, as indicated by percent change in 

MEPs, did not account for variance in hair and face touching in the active stimulation 

condition. This finding is in line with research that has not consistently shown a 

relationship between response to non-invasive brain stimulation and task performance 

(López-Alonso, Cheeran, & Fernández-del-Olmo, 2015). It remains to be explored 

whether non-response to iTBS of the motor cortex predicts non-response to iTBS 

delivered to other brain regions.  
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Overall, this study provided a direct test of these two competing hypotheses and 

is the first to show support for one hypothesis over the other. Specifically, it supported 

the role of rTPJ in distinguishing self from other, with greater activation of the rTPJ 

biasing representations of self over other. Because  higher activation in the rTPJ was not 

associated with higher mimicry, we do not show that rTPJ is involved in the flexible and 

adaptive control of self-other representations.  
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5. Discussion 

This dissertation has explored various factors involved in behavioral mimicry – 

personality characteristics, physiological consequences, and neural mechanisms. All four  

studies focus on top-down control of mimicry, from exploring how personality (i.e., 

extraversion), situational (i.e., social rejection), and motivational (i.e., affiliation goals) 

factors affect top-down regulation of mimicry to testing how a brain region involved in 

self-other representations (i.e., rTPJ) underlies top-down regulation of mimicry. In this 

final section,  I will summarize the key findings and discuss future directions based on 

questions that have emerged from this research.  

In Chapter 2, I explored whether mimicry is a mechanism by which extraverts 

build rapport with others. Although research indicates that extraverts are better at 

building rapport than introverts, it remained unknown what behaviors extraverts 

engage in that make them better at building rapport. In two studies, I found that 

extraversion predicted greater mimicry when an affiliation goal is present but not when 

an affiliation goal is absent. Furthermore, I showed that mimicry mediated the 

relationship between extraversion and rapport but only when an affiliation goal is 

present.  

The results are important because they clarify how, when, and why extraverts 

are better at building rapport. First, these results provide evidence of how extraverts 
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build rapport. This research identified mimicry as a behavior that extraverts engage in 

more than introverts that helps to build rapport. Second, these results identify when 

extraverts engage in more mimicry. Extraverts mimicked more than introverts only 

when an affiliation goal is present. Third, these results support the reward-sensitivity-

as-core model in understanding why extraverts mimic in a context-dependent, 

motivationally-driven manner. If the sociability-as-core model were correct, the results 

should have shown that extraverts mimic more than introverts across all situations. 

However, in the absence of an affiliation goal, introverts and extraverts did not differ in 

how much they mimicked a confederate. Extraverts use mimicry to connect with other 

people only when they were motivated by an affiliation goal. These findings are the first 

evidence that extraverts’ ability to connect with other people is motivationally 

dependent, supporting the reward-sensitivity-as-core model of extraversion.  

In Chapter 3, I explored the link between psychological, behavioral, and 

physiological mechanisms underlying affiliation. I examined these linkages specifically 

in the context of social rejection as a way to understand whether a hormonal pathway 

could help to explain how mimicry causes its psychological effects, namely increasing 

affiliation and decreasing psychosocial distress. In line with previous research (Lakin et 

al., 2008), I found that following social rejection (relative to social acceptance), people 

mimic more. Furthermore, I found that mimicry mediated the relationship between 
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social feedback and progesterone change, such that mimicry is associated with an 

increase in progesterone following social rejection. These results suggest that 

progesterone might serve as a physiological pathway that facilitates the psychological 

effects of mimicry, increased affiliation and decreased psychosocial distress.  

In Chapter 4, I directly tested two competing hypotheses on the role of the rTPJ 

in top-down control of mimicry. One hypothesis suggests that higher rTPJ activation 

increases the distinction between self and other, specifically by enhancing representation 

of self over other. If this hypothesis were true, higher rTPJ activation should lead to less 

mimicry in actual social interactions. However, another hypothesis suggests that higher 

rTPJ activation increases control of self-other representations, enhancing either the 

representation of self over other or other over self in a flexible, adaptive, and goal-

directed manner. If this hypothesis were true, higher rTPJ activation should lead to more 

mimicry in actual social interactions because mimicking is typically adaptive. Study 4 

showed that, for participants in the active stimulation condition, hair and face touching 

was lower during the social interaction compared to baseline. This finding suggests that 

higher activation in the rTPJ increases the distinction between representations of self and 

other, specifically biasing representations of self over other, leading to less mimicry. 

These results do not support the hypothesis that higher activation in the rTPJ leads to 

flexible, goal-directed control of self-other representations. 
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Although each study explored fundamentally different questions, the findings 

still inform one another in many ways. They show how personality, situational, and 

motivational factors, as well as neural mechanisms, are involved in top-down regulation 

of mimicry. The question remains, however, how personality, situational, and 

motivational factors affects physiology and neurobiology in ways that translates into 

top-down regulation of mimicry. In this next section, I discuss future directions for this 

area of research. 

Given the poor temporal resolution of salivary hormonal measures, the 

progesterone study (study 3)  cannot disentangle whether it is the affiliation goal or the 

affiliation behavior (mimicry) that leads to an increase in progesterone. It is possible that 

rather than a temporal scheme in which “the affiliation goal increases mimicry which 

then releases progesterone” that instead “the affiliation goal releases progesterone which 

then increases mimicry.” In fact, research shows that increasing affiliation motivation 

experimentally leads to increases in progesterone (Schultheiss et al., 2004). Although I 

found stronger statistical support for a model in which mimicry increases progesterone 

rather than for a model in which progesterone increases mimicry, statistical power was 

not adequate to distinguish between these two models properly. Furthermore, the 

relationship between progesterone and mimicry may be bidirectional. Future research 

aimed at disentangling the hormonal effect of these two variables should measure 
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hormones in blood rather than in saliva in order to establish a more precise time course 

of progesterone.  

Understanding the role of progesterone in facilitating either the activation of 

affiliation goals or the initiation of affiliation behaviors should be explored in extraverts 

for two reasons. First, extraverts mimic substantially more when an affiliation goal has 

been activated, but whether they engage in more mimicry because they are more 

sensitive to affiliation goals than introverts or because they are more socially skillful 

than introverts is not clear. If extraverts release more progesterone when an affiliation 

goal is activated, then this might suggest that extraverts are more sensitive to affiliation 

goals than introverts. The tendency for extraverts to mimic more following activation of 

an affiliation goal might then be understood as a consequence of their greater sensitivity 

to affiliation goals. If, however, extraverts and introverts release the same amount of 

progesterone in response to an affiliation goal, this might suggest that extraverts and 

introverts activate an affiliation goal similarly, but extraverts behave differently in 

response to the affiliation goal than introverts. Likewise, if progesterone is not released 

in response to an affiliation goal, but rather in response to the affiliation behavior, then 

this again signals that the difference between introverts and extraverts is not their 

activation of an affiliation goal but rather their behavioral response to it. In both of these 
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latter cases, the tendency for extraverts to mimic more following activation of an 

affiliation goal might be understood as a consequence of their greater social skillfulness.  

Second, if it turns out that increases in progesterone are associated with 

activation of an affiliation goal, progesterone levels in introverts could be manipulated 

via exogenous administration in order to test whether enhancing this physiological 

pathway increases affiliative behaviors in introverts. If giving introverts progesterone 

causes them to mimic to the same extent as extraverts, then this might suggest that 

introverts are just as able to engage in affiliative behaviors such as mimicry. This finding 

might suggest that introverts are not engaging in behavioral mimicry because the 

affiliation goal is not activated to the same extent as in extraverts and that progesterone 

increases affiliative motivation in introverts. If giving introverts progesterone does not 

cause them to mimic as much as extraverts, this might suggest extraverts mimic not just 

because of progesterone increases, but because they are also more prone to engage in 

affiliative behaviors such as mimicry.  

Neuromodulatory methods could clarify whether sociability or reward 

sensitivity is the core feature of extraversion. The sociability-as-core model of 

extraversion states that extraverts are happier because they are more sociable (Argyle & 

Lu, 1990b; McCrae & Costa, 1987), while the reward-sensitivity-as-core model of 

extraversion asserts that extraverts are more sociable because they are happier (Gray, 
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1973; Lucas et al., 2000). The reward-sensitivity-as-core model has been gathering 

increasing empirical support from genetics and neuroscience research showing that 

extraversion might reflect individual differences in the motivational system. Genetic and 

neural evidence shows that extraversion is correlated with larger volume of brain 

structures involved in reward processing (DeYoung et al., 2010; Omura et al., 2005; 

Rauch et al., 2005), linked to increases in activation of reward-related brain structures in 

fMRI (Canli et al., 2001, 2002; Cohen et al., 2005; Deckersbach et al., 2006; DeYoung et al., 

2014; Mobbs et al., 2005), and associated with genetic variation in dopamine, a 

neurotransmitter that drives reward-seeking behavior, and this genetic variation 

predicts neural activation in a reward-seeking paradigm (Cohen et al., 2005). Pending 

technological advances in non-invasive neurostimulation methods that would allow for 

the stimulation of deeper cortical tissue, such as reward-related regions of the brain, 

testing the reward-sensitivity-as-core model by stimulating reward-related regions of 

the brain would be informative. For example, the reward-sensitivity-as-core model 

would be supported if increased activation in a reward region led to more extraverted 

behavior as well as increased mimicry. Furthermore, future research should test whether 

trait extraversion moderates these effects, that is whether introverts also mimic more 

with increased activation in reward-related brain regions. The physiological and neural 
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mechanisms underlying the context-dependent mimicry observed in extraverts remain 

open questions that deserve further exploration. 

The TMS study in this dissertation suggests that the rTPJ modulates mimicry by 

increasing representations of self over other – the higher the activation in the rTPJ, the 

less likely someone is to perform an observed behavior. However, many questions 

remain regarding how goals modulate mimicry in an adaptive way. If the results of the 

TMS study had shown that higher rTPJ activation led to greater mimicry, implying that 

rTPJ is responsible for the control of self-other representations in a flexible, goal-directed 

manner, then the mechanism by which mimicry is modulated in line with goals would 

be clear (Lakin & Chartrand, 2003; Lakin et al., 2008). However, the results did not show 

that higher rTPJ activation led to more mimicry in line with social goals so how social 

goals modulate mimicry is not clear. One possibility is that the rTPJ encodes social 

distance. Research shows that closeness predicts stronger deactivation of the rTPJ 

(Cheng, Chen, Lin, Chou, & Decety, 2010). This effect was demonstrated in an fMRI 

study in which participants observed pictures of painful scenarios and were asked to 

imagine that the person in the photo was themselves, a loved-one, or a stranger. 

Imagining the stranger led to greater rTPJ activation relative to the other conditions. The 

extent to which the participant felt close to the imagined loved-one predicted 

deactivation of the rTPJ. Therefore, closeness may deactivate the rTPJ, enhancing motor 
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representations of other, which manifests as more mimicry. However, this does not 

explain at a neural level how a goal to affiliate with someone, who is not already a close 

or similar other, leads to more mimicry. Whether the prefrontal cortex, which is 

involved in goal-directed behavior, modulates activation of the rTPJ in line with social 

goals still needs to be explored.  

Furthermore, conflicting behavioral and neural findings related to the role of 

self-other merging in prosocial behavior must be reconciled. Although behavioral 

evidence suggests that mimicry increases overlap of self and other, which then leads to 

prosociality, neural evidence does not corroborate this hypothesis. In two fMRI studies, 

prosocial behavior is associated with higher activation in the rTPJ (Morishima et al., 

2012; Strombach et al., 2015), which is regarded as a neural marker of overcoming the 

temptation to choose the selfish option in favor of the prosocial option (Strombach et al., 

2015). This is a counterintuitive finding especially given that prosocial behavior is more 

likely to occur in closer relationships (Goeree et al., 2010; Jones & Rachlin, 2006). Given 

that interdependent self-construal is thought to mediate the relationship between 

mimicry and prosocial behavior (Ashton–James et al., 2007), one might expect that the 

neural link of greater self-other overlap would be characterized by lower rTPJ activation. 

However, the opposite is actually the case. Given the problem with determining 

causality in fMRI studies, in future neurostimulation studies, neural activation in the 
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rTPJ should be enhanced and prosocial behavior measured. Although most researchers 

assume that mimicry, empathy, and prosociality all share underlying neural 

mechanisms, these relationships need to be explored further. Using neurostimulation 

methods to explore these questions would be a powerful way to determine whether they 

are linked neurally.  

This dissertation consisted of three research questions broadly linked through 

their exploration of behavioral mimicry. Specifically, these studies explored the 

personality characteristics, physiological consequences, and neural mechanisms 

underlying behavioral mimicry, addressing questions such as (1) which individuals are 

more likely to mimic in the presence of an affiliation goal, (2) what are the physiological 

consequences of mimicking to build affiliation, and (3) what is the neural mechanism 

underlying top-down control of mimicry. In answering these questions, these studies 

raise even more questions for future research.  
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