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Abstract 

Feeling heard and understood by others is an important and meaningful part of social 

interaction. But many autistic people are misunderstood by non-autistic interlocutors, to the 

detriment of the quality of that social interaction as well as the autistic person’s overall well-

being. One way that autistic people are misunderstood is in how their emotions are interpreted by 

other people, an experience autistic people have described as distressing. In this dissertation, I 

investigate one possible explanation for why these misunderstandings occur—namely, 

differences in internal representations of emotional facial expressions between autistic and non-

autistic people. In five studies (N = 1,188), I found that non-autistic participants recognized the 

posed emotional expressions of autistic people better than those of non-autistic people and 

investigated the factors that contribute to this higher recognition accuracy. These findings are not 

compatible with the hypothesis that autistic people have different internal representations from 

non-autistic people, and therefore, this cannot be an explanation for why non-autistic people 

misunderstand autistic people’s emotions in live interactions. I conclude by considering why 

non-autistic posers were recognized less accurately than autistic posers, and offer alternative 

explanations for why non-autistic people misunderstand autistic people’s emotions.  
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Introduction 

Autism is a neurodevelopmental condition characterized by differences in social 

communication and interaction and the presence of repetitive behaviors and/or specialized 

interests (APA, 2013). Autistic1 people are typically characterized (by non-autistic researchers) 

as awkward, distant, and having poor social skills (e.g., Lord & MaGill-Evans, 1995; Weiss & 

Harris, 2001). For example, in the early documentation of what is now known as autism, Kanner 

(1943) described how some autistic children have an “inability to relate themselves in the 

ordinary way to people” (p. 242). Others describe how autistic children have a difficult time 

understanding the mental or emotional states of non-autistic people (e.g., Baron-Cohen et al., 

1985, 1997), leading some researchers to describe autistic people as exhibiting “mindblindness” 

towards non-autistic people (Senju et al., 2009; see Dinishak & Ahktar, 2013 for a critique of 

this metaphor).  

Because of these noticeable social differences from non-autistic people, cross-neurotype 

interactions–those between autistic and non-autistic people–are often characterized as awkward, 

difficult, or unsuccessful (e.g., Travis & Sigman, 1998). Historically, the difficulties that arise in 

these interactions are assumed to be the fault of the autistic person (e.g., Knott et al., 2006). For 

example, some researchers have argued that autistic people’s unsuccessful social interactions 

with non-autistic people stem from perspective-taking difficulties (e.g., Baron-Cohen et al., 

1985; Peterson et al., 2007; but see Gernsbacher & Yergeau, 2019), or because autistic people 

lack the motivation to interact with others (e.g., Chevallier et al., 2012; but see Jaswal & Akhtar, 

2018).  

 
1 I use identity-first language because a majority of autistic people prefer it (e.g., Bury et al., 2020; Kenny et al., 
2015; Taboas et al., 2022) and because the use of person-first language may accentuate the stigma associated with 
autism (Gernsbacher, 2017).  
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More recently, however, some autism scholars have pointed out that interactions are 

reciprocal: If autistic people contribute to difficulties in cross-neurotype interactions, so too do 

non-autistic people (Gernsbacher, 2006). According to Milton (2012), this concept–called the 

“double empathy problem”—highlights the bi-directional nature of this relationship. Indeed, 

autistic people report that their interactions with non-autistic people can feel awkward or 

exhausting (e.g., Robison, 2011), often because it seems that the non-autistic member of the 

interaction is unwilling or unable to understand the autistic person’s point of view (e.g., 

Crompton, Hallett, et al., 2020).  

A recent line of empirical work on the double empathy problem has confirmed that non-

autistic people do not always have a good understanding of autistic people’s minds. For example, 

non-autistic people have trouble both transmitting information to and receiving information from 

autistic people (Crompton, Ropar, et al., 2020). Non-autistic people have difficulty taking the 

perspective of their autistic relatives (Heasman & Gillespie, 2018). And non-autistic people are 

less accurate at determining what mental state autistic compared to non-autistic people are trying 

to convey (Edey et al., 2016).  

In this dissertation, I investigate one factor that could contribute to non-autistic people’s 

difficulty understanding autistic minds—namely, a difficulty correctly identifying from facial 

expressions what emotions autistic people are feeling. As will be described below, the two 

previous studies by other researchers that served as the foundation for this dissertation came to 

different conclusions: One study found that non-autistic people did not have difficulty 

recognizing autistic people’s emotional expressions (Faso et al., 2015). The other study found 

that non-autistic people did have difficulty recognizing autistic people’s emotional expressions 

and concluded that the difficulty stemmed from differences in the internal representations for 
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emotional expressions between autistic and non-autistic people (Brewer et al., 2016). These 

differences in internal representations, if they exist, could lead to misunderstandings in day-to-

day interactions.  

Background 

In this section, I first describe past research suggesting that non-autistic people have 

difficulty recognizing autistic people’s facial expressions, using both experimental and 

experiential evidence. Then, I review literature suggesting one explanation for why this might 

occur: cross-neurotype differences in internal representations for emotional expressions.  

Non-Autistic People’s Difficulty Understanding Autistic People’s Emotions 

As noted, autistic people have described a feeling of being misunderstood by non-autistic 

people (e.g., Crompton, Hallett, et al., 2020; Robison, 2011). One factor that may contribute to 

these feelings involves the difficulty that non-autistic people have in correctly identifying what 

emotion an autistic person is experiencing. For example, one autistic respondent in a study by 

Robledo et al. (2012) reported, “One of the biggest problems [interacting with others] was that I 

tried to express how I felt and people just didn’t understand” (p. 7). Another autistic person 

explained that they feel misunderstood because non-autistic people expect them to express 

emotion differently than feels natural to them (@Autisong, 2021). This person went on to 

explain that the non-autistic people they interact with sometimes expect them to display their 

emotions more intensely, other times, they felt that their non-autistic peers expected them to be 

more muted.  

Perhaps most troublingly though, is that these misunderstandings about autistic people’s 

emotions can have very real effects on their health and well-being. For example, one autistic 

person described their experience in trying to secure mental health services: “I just don’t show 
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emotion the way other people do so…no one believed there was anything wrong with me or that 

I needed help” (Camm-Crosbie et al., 2019, p.1436). Clearly, these interactions—in formal or 

informal settings—and the misunderstandings that accompany them can have a profound impact 

on autistic people’s lives.  

To my knowledge, there is only one study that empirically documents these 

misunderstandings in a setting close to that experienced in situ. Sheppard et al. (2016) 

videotaped non-autistic and autistic individuals as they were presented with one of four 

unexpected events: they were told a joke, given a compliment, told a story, or were made to wait 

briefly. These clips (without audio) were shown to a sample of non-autistic participants, who had 

to infer from the non-verbal behavior of the people depicted which of the four events (i.e., joke, 

compliment, story, or waiting) had just occurred. Non-autistic observers were less accurate at 

inferring what situation autistic compared to non-autistic targets had just encountered–except 

when the clip showed the reaction to a joke.  

Sheppard et al. (2016) did not ask participants to guess what emotion the targets were 

experiencing, so this study is not a perfect analog for investigating whether non-autistic people 

have difficulty with understanding from facial expressions what emotion an autistic person is 

experiencing. Still, the findings suggest that when asked to use an individual’s body language 

and facial expressions to make an inference about what has recently happened to them, non-

autistic people have greater difficulty accurately inferring that information from autistic people 

than from non-autistic people. Thus, one factor that could contribute to non-autistic people’s 

misunderstanding autistic people’s emotions may be a mismatch between what non-autistic 

people expect an expression to look like given a particular emotion and the expression produced 

by autistic people who are feeling that emotion.  
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Internal Representations of Emotion 

Expectations play a significant role in the experience and expression of emotion (e.g., 

Clore & Ortony, 1991; Jack, 2013; Russell, 1991). We hold expectations, here called “internal 

representations,” about all aspects of emotions, ranging from which contexts are frequently 

associated with which emotions (e.g., Robinson & Clore, 2002; Tamir & Bigman, 2018), the 

ways our bodies feel when we experience certain emotions (e.g., Niedenthal, 2007a, 2007b), and 

the way faces tend to look when expressing emotions (Binetti et al., 2022; Jack & Schyns, 2015; 

Keating et al., 2022). Within each of these aspects, there are several sub-components for which 

we can hold separate internal representations. For instance, when it comes to our internal 

representations for emotional expressions, we have expectations for things such as the speed with 

which faces change from neutral to emotionally expressive (e.g., Sowden et al., 2021) as well as 

for the final appearance of the facial expression itself (Binetti et al., 2022; Jack & Schyns, 2015). 

This last component, the static appearance of a person’s face when they are expressing a given 

emotion, is the type of internal representation that I focus on in this dissertation.  

Of course, anyone who has witnessed another person expressing emotion in real time 

knows that emotional expressions do not look identical every time they occur. Our internal 

representations are not a cast from which our expressions are formed, appearing the same way 

each time an emotion is felt. There are other aspects in the cognitive appraisal process of 

emotion that influence how any individual emotional state is experienced (e.g., Barrett, 2017; 

Ortony et al., 1988). Because each experience of emotion is unique, the way that emotional state 

is expressed on the face could look different each time. But our internal representations for 

emotional expressions play a role in how those expressions are formed (e.g., Gola et al., 2017; 

Jack & Schyns, 2017).   
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Furthermore, internal representations for emotional expressions also play an important 

component in interpreting what emotions other people are experiencing on the basis of their 

facial expressions (e.g., Bird & Viding, 2014; Goldman & Sripada, 2005). In fact, recent work 

has suggested that individual differences in emotion recognition could stem from differences in 

people’s internal representations (Binetti et al., 2022). In this study, participants manipulated 

computer-generated facial expressions until they matched their internal representations for the 

emotional expressions of happiness, sadness, anger, and fear. A subset of participants then 

completed an emotion recognition paradigm where they viewed images that had been created by 

other participants. Next, the experimenters compared the images participants saw in the emotion 

recognition portion of the study to the images those participants had themselves created. They 

found that the more overlap there was between two participants’ computer-generated expressions 

of an emotion, the more likely those two participants were to recognize each other’s computer-

generated expression.  

Given that internal representations play a role in both the production and interpretation of 

emotional expressions, differences in internal representations between two people could lead to 

misunderstandings in interactions. For example, early research on emotions suggested “basic” 

emotional expressions are universal (i.e., what is recognized as an angry face in one part of the 

world should be recognized as angry in all other cultures as well; Ekman & Friesen, 1971; 

Ekman & Friesen, 1986; Matsumoto, 1992), which suggests that individuals from disparate 

cultures also share the same internal representations of those basic emotional expressions. But 

more recent work has called into question the existence of universal emotional expressions (e.g., 

Barrett 2011; Gendron et al., 2018) or internal representations. 
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For example, in work by Jack and colleagues (Jack, Caldara, et al., 2012; Jack, Garrod, et 

al., 2012), Western, Caucasian participants and East Asian participants were shown images of 

faces that were digitally manipulated to isolate different features of facial expressions that are 

thought to be relevant to a particular emotion. For example, one image might be of an otherwise 

neutral face where the whites of the eyes—relevant to the expression of surprise—were 

manipulated, while the rest of the expression remained neutral. In another, only the corners of the 

mouth might be upturned—a component of happiness. For each of these manipulated images, 

participants had to decide which of six emotion categories each face best represented. Jack and 

colleagues found that Western Caucasian and East Asian participants had different expectations 

for what prototypical examples of the six emotion categories looked like. These different 

expectations led the authors to conclude that the two groups do not share the same internal 

representations for all emotions.  

Since autistic and non-autistic people are sometimes said to represent distinct cultures 

(e.g., Botha & Frost, 2020; Leadbitter et al., 2021), they might also have different internal 

representations for emotional expressions. Because of their different ways of experiencing the 

world, perhaps autistic and non-autistic people have different expectations for how emotions like 

happiness, sadness, surprise, anger, disgust, and fear (typically considered to be the six “basic” 

emotions; Ekman & Friesen, 1976; Ekman & Friesen, 1978) appear on the face. The lack of a 

common representation of facial emotional expression could contribute to the mismatch between 

autistic people’s actual emotional states and non-autistic people’s inferences about those 

emotions.  

Some research suggests autistic and non-autistic people may share internal 

representations for some components of the expression of emotion. For example, one recent 
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study tested whether autistic and non-autistic people have similar representations for the speed 

with which emotional expressions unfold across the face (Keating et al., 2022). In this study, 

non-autistic adults made angry, sad, and happy expressions which were converted to point-light 

displays. Autistic and non-autistic participants viewed these displays as the faces morphed from 

a neutral expression to the end expression. By using a slider, participants manipulated the speed 

with which the faces took on the expression until that speed matched the participant’s 

representation for how quickly that expression forms on the face. Autistic and non-autistic 

participants did not differ in their estimates of how quickly faces take on expressions for any of 

the three emotions. This suggests that autistic and non-autistic people do not have different 

representations for the mechanics of certain expressions. But, as described earlier, the speed with 

which an expression unfolds is just one component of the internal representation of an emotional 

expression. My interests are in whether autistic and non-autistic people have different internal 

representations for the final appearance of the facial expression itself.  

Another study focused more directly on autistic and non-autistic people’s static emotional 

expressions, and found evidence that may suggest the two neurotypes do have different internal 

representations for emotional expressions (Manfredonia et al., 2019). Autistic and non-autistic 

participants made emotional expressions which were categorized using software designed to 

detect which facial muscles are activated when forming expressions. The software detected 

differences between autistic and non-autistic expressions for some muscle groups (e.g., corners 

of the lips were less activated in autistic compared to non-autistic expressions of happiness). 

Differences in the activation of muscle groups relevant to the expression of certain emotions 

could suggest that participants were drawing on different representations for emotional 
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expressions when creating the expressions. However, these expressions were never evaluated by 

people, which is crucial if one’s intent is to study internal representations.  

A more effective way to investigate autistic and non-autistic people’s internal 

representations for emotional states is to use emotion recognition tasks. Recall that internal 

representations for emotional expressions are involved in both the production and perception of 

those expressions. Therefore, one way to investigate whether two groups have similar internal 

representations is to use images of people’s facial expressions and ask observers from one group 

to label the emotions being expressed. If members of Group A recognize expressions produced 

by members of Group A and Group B equally well, this suggests that the two groups share 

internal representations. The representations used by the people to create the expressions align 

with the representations used by the people interpreting the expressions. If, however, members of 

Group A recognize expressions produced by Group A better than those produced by Group B, 

this suggests that the two groups have different representations of emotion. Finally, a third 

possibility is that members of Group A could recognize expressions produced by members of 

Group B better than expressions produced by members of Group A. Before conducting Study 1, 

this possibility seemed unlikely, and I will defer discussion of the implications of this pattern of 

results until the discussion of Study 3.  

Accordingly, there are two ways to investigate whether autistic people have different 

internal representations for emotional expressions compared to non-autistic people. One is to 

investigate whether autistic people have difficulty recognizing non-autistic expressions. As will 

be discussed below, this approach has been used frequently. However, this approach does not 

provide insight into my primary interest, which is investigating whether differences in internal 

representations contribute to why non-autistic people sometimes misunderstand the emotions 
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autistic people experience. To investigate this question requires asking whether non-autistic 

people have difficulty recognizing expressions produced by autistic people—a procedure that, as 

described below, has been used much less often.   

Autistic People’s Recognition of Non-Autistic People’s Expressions 

 At a glance, the literature regarding autistic people’s recognition of non-autistic people’s 

emotions suggests that there are differences between autistic and non-autistic people’s internal 

representations for emotional expressions. Compared to non-autistic participants, autistic 

participants have more difficulty correctly identifying the emotion displayed on non-autistic 

actors’ faces (for recent meta-analyses, see Leung et al., 2022; Lozier et al., 2014; Uljarevic & 

Hamilton, 2013; Yeung, 2021). This seems to suggest that the internal representations used by 

the non-autistic people to create the expressions in the images align with the internal 

representations used by the non-autistic participants, but not those of the autistic participants. 

However, there are at least four reasons to question this conclusion.  

First, there is no consensus about which emotional expressions autistic people are less 

accurate than non-autistic people at identifying. In their meta-analyses, Leung et al. (2022) and 

Yeung (2021) concluded that autistic people had more difficulty than non-autistic people in 

recognizing all six of the basic emotions–happiness, sadness, anger, fear, disgust, and surprise. 

But in their meta-analyses, Uljarevic and Hamilton (2013) concluded that autistic people did not 

have difficulty with happiness, and Lozier et al. (2014) concluded that they did not have 

difficulty with happiness, sadness, or surprise. If autistic and non-autistic people did have 

different internal representations for what some or all emotions look like, one would expect 

consistency in which emotions autistic people have difficulty with.  
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Second, three of the four meta-analyses found evidence that null results–those that would 

suggest no difference between autistic and non-autistic people’s internal representations–were 

likely underrepresented in the data (Leung et al., 2022; Uljarevic & Hamilton, 2013; Yeung 

2021). That is, it is possible that at least some studies failed to find a difference in emotion 

recognition accuracy between autistic and non-autistic people, but because of the bias against 

studies lacking significant effects (Hubbard & Armstrong, 1998), these studies were not 

published. The three meta-analyses concluded that autistic people are likely to have more 

difficulty with emotion recognition than non-autistic people, but Uljarevic and Hamilton (2013) 

argued that reported effects likely overestimate the true difference.  

Third, across the studies reported in the meta-analyses, different methodologies are used, 

which can lead individual studies to competing conclusions regarding whether autistic people 

have difficulty with recognizing emotions. For example, in their meta-analysis, Leung et al. 

(2022) found that autistic people had difficulty with emotion recognition tasks that required 

verbal responses, but not those that required non-verbal responses. For example, on tasks that 

required participants to select which of six or more emotion words described a face, autistic 

participants were less accurate compared to non-autistic participants (e.g., Couture et al., 2010; 

Eack et al., 2015; Kliemann et al., 2012; Otsuka et al., 2017). But on tasks where participants 

could respond by matching expressions, rather than by responding via written or spoken words, 

the accuracy of autistic and non-autistic participants did not differ (e.g., Isomura et al. 2014).  

In another example, when participants had to indicate if a face was happy or sad, angry or 

disgusted, afraid or surprised, and so on, autistic children responded less accurately than non-

autistic children when their responses were time-limited (Nagy et al., 2021). But when responses 

were not time-limited, there was no difference between autistic and non-autistic participants. 
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Thus, some task demands may make it appear that the two neurotypes have different internal 

representations, even if they do not.  

Finally, studies on emotion recognition in autistic participants have generally not 

considered the effects of alexithymia. Alexithymia is a subclinical condition, referring to 

difficulty identifying or describing one’s own emotions (Bagby et al., 1994; Nemiah & Sifneos, 

1970). Individuals with high levels of trait alexithymia have a difficult time with facial emotion 

recognition as a result of their difficulty recognizing their own emotional experiences (e.g., 

Grynberg et al., 2012; Jongen et al., 2014; Lane et al., 1996). Interestingly, autistic people have 

higher levels of alexithymia than do non-autistic people (Berthoz & Hill, 2005; Hill et al., 2004; 

Lombardo et al., 2007; Milosavljevic et al., 2016). Because of the overlap between autism and 

alexithymia and given the difficulties with emotion recognition for alexithymic people, the 

difficulty with emotion recognition often presumed to be associated with autism may actually be 

caused by high levels of alexithymia (Bird & Cook, 2013).  

Indeed, several studies have found that when autistic and non-autistic samples are 

matched on trait alexithymia, group differences in emotion recognition disappear (e.g., Bird et 

al., 2010; Cook et al., 2013; Ketelaars et al., 2016; see Sivathasan et al., 2020 for a review). For 

example, a sample of autistic and non-autistic adults matched on level of alexithymia performed 

similarly to one another on a standard emotion recognition task (Cook et al., 2013). Likewise, 

after controlling for level of alexithymia, autistic and non-autistic adults did not differ in 

activation of the left anterior insula in response to viewing images of others expressing pain 

(Bird et al., 2010). Together, these kinds of findings suggest that being autistic on its own may 

not be an explanation for the robust differences in autistic and non-autistic people’s performance 

on emotion recognition tasks. Given that it is not clear whether autistic people are less accurate 
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at recognizing emotions (on non-autistic faces), it seems premature to conclude that the two 

neurotypes have different internal representations of emotion.  

Non-Autistic People’s Recognition of Autistic People’s Expressions 

A different and less common method of comparing autistic and non-autistic people’s 

internal representations for emotional expressions is to ask how well non-autistic people 

recognize emotions on autistic and non-autistic faces. To my knowledge, only two studies have 

directly applied this methodology, and they have come to different conclusions. In Faso et al. 

(2015), autistic and non-autistic people posed for photos as they made happy, sad, angry, fearful, 

and neutral faces. These images were then presented to 38 non-autistic participants, who had to 

select which emotion each face showed. Faso et al. reported that the non-autistic participants 

were better at recognizing autistic than non-autistic emotional expressions.  

This finding initially seems to reflect what I earlier described as an unlikely pattern, in 

which members of Group A recognize expressions produced by members of Group B better than 

other members of Group A. But as Faso et al. (2015) explain, their main effect of neurotype was 

primarily driven by differences in recognition for one emotion. Indeed, as reported in their Table 

2 (averaged over the two levels of expression intensity they used) anger was recognized much 

more accurately on autistic than non-autistic faces (~67% vs. ~41% accuracy, respectively), but 

there were minimal differences in recognition accuracy between the autistic and non-autistic 

faces for sadness (~65% vs. ~60%) and fear (~50% vs. ~50%), and non-autistic expressions of 

happiness were recognized more accurately (~97%) than the autistic expressions (~81%). Faso et 

al.’s (2015) final conclusion was not that non-autistic people recognize emotion better on autistic 

than non-autistic faces, but that non-autistic people do not seem to have difficulty identifying 

autistic people’s facial emotional expressions.  
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On the other hand, the only other study of which I am aware that has compared how well 

non-autistic participants recognize autistic and non-autistic expressions came to a different 

conclusion (Brewer et al., 2016). In this study, autistic and non-autistic people were asked to 

make expressions depicting six emotional states (anger, disgust, fear, happiness, sadness, and 

surprise), and non-autistic participants2 were asked to choose which of six emotions were 

depicted in the images. The average recognition score, collapsing across the six emotions, was 

lower for the autistic faces than the non-autistic faces, an effect that Brewer et al. concluded was 

“seemingly due to [autistic people’s] atypical representations of emotion” (p. 270). By this 

account, the autistic models’ different internal representations led them to produce emotional 

expressions that were recognized with less accuracy by the non-autistic participants.  

Here too, however, there is reason to believe that the effect was driven by one emotion. 

Indeed, close inspection of Brewer et al.’s (2016) data (their Table 1, “standard condition”) 

suggests that only for happiness were non-autistic expressions better recognized than autistic 

expressions (88% vs. 67% accuracy, respectively). There were minimal differences in how well 

participants recognized non-autistic and autistic expressions for the other five emotions: surprise 

(44% vs. 46%), disgust (53% vs. 51%), anger (57% vs. 51%), sadness (44% vs. 52%) and fear 

(28% vs. 36%). This mixed pattern of results presents the same problem as in Faso et al., (2015), 

making it impossible to conclude from these data whether autistic and non-autistic people share 

internal representations for emotions or not.   

As with the confusing literature described in the previous section on autistic and non-

autistic people’s recognition of non-autistic emotional expressions, the conflicting findings 

 
2 Brewer et al. (2016) also included a sample of autistic participants in the study, who also recognized the emotions 
produced by autistic people less accurately than the emotions expressed by non-autistic people, a finding Brewer et 
al. attributed to autistic people having “idiosyncratic” representations of emotion. But, because my interest is in non-
autistic people’s recognition for autistic and non-autistic emotions, I focus only on those data in this description.  
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between Faso et al. (2015) and Brewer et al. (2016) are also difficult to reconcile because of 

several methodological differences. First, although both studies provided similar instructions to 

the individuals posing for photographs, the number of individuals photographed differed (16 

autistic and 17 non-autistic posers in Brewer et al., and 6 autistic and 6 non-autistic posers in 

Faso et al.). Second, Brewer et al.’s conclusions are based on responses to six emotions, while 

Faso et al.’s are based on only four. Third, Brewer et al. presented stimuli to participants for 800 

ms, while in Faso et al., participants could view the stimuli for as long as they needed to make a 

response. Fourth, Brewer et al.’s study included only 13 non-autistic participants (some of whom 

had also served as models in the photographic stimuli), while Faso et al. included 38 non-autistic 

participants. Thus, whether differences in internal representations may contribute to why non-

autistic people have difficulty understanding autistic people’s emotions remains an open 

question.  

In the five studies reported in this dissertation, I compared non-autistic adults’ 

recognition of autistic people’s emotional expressions to their recognition of non-autistic 

people’s expressions. Study 1 investigates how well a large sample of non-autistic participants 

(N = 371) recognized the expressions in Brewer et al.’s (2016) “standard” condition. Study 2 (N 

= 159) compares recognition accuracy for autistic and non-autistic faces when participants have 

800 ms to view a given stimulus (as in Brewer et al., 2016) vs. an unlimited amount of time (as 

in Study 1 and in Faso et al., 2015). Study 3 (N = 166) investigates the components of the autistic 

and non-autistic facial expressions that led to their being accurately recognized in Studies 1 and 

2. Study 4 (N = 148) tests whether the context in which the posed emotional expressions were 

produced had an effect on how non-autistic participants perceived those expressions. Finally, 
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Study 5 (N = 344) tests whether the context in which the posed emotional expressions were 

produced had an effect on how accurately they were recognized.  
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Study 1- Do Non-Autistic People Recognize Autistic People’s Expressions Better Than Non-

Autistic People’s? 

 To investigate whether autistic and non-autistic people share internal representations for 

emotional expressions, I conducted a study similar to the ones reported in Brewer et al. (2016) 

and Faso et al. (2015): Non-autistic participants were shown photos of autistic and non-autistic 

individuals posing in six emotional expressions, and they made forced-choice judgments about 

which of the six emotions was shown on each face. I used the same stimuli as in Brewer et al.’s 

“standard” condition. 

There are four important points to consider regarding Study 1’s design. First, like Faso et 

al. (2015) but unlike Brewer et al. (2016), I included only non-autistic participants. Although I 

would ideally have additionally included a sample of autistic participants (as Brewer et al. did), I 

did not have access to a sufficient number of them. However, my interest was in understanding 

why non-autistic people misunderstand autistic people’s emotions. As such, using a sample of 

non-autistic participants is sufficient, I argue, to begin to address questions about whether 

autistic and non-autistic people share internal representations for emotional expressions.  

 Second, I used only one of the three sets of stimuli created by Brewer et al. (2016). 

Brewer et al. photographed autistic and non-autistic posers in three conditions, one where posers 

were told to express an emotion to the best of their ability (“standard”), another where posers 

were told to make expressions that could be guessed by the person taking the photo 

(“communicate”), and one where the poser could see their face as they assumed the desired 

expression (“mirror”). In this study, I used only the images from the standard condition. In 

discussions with Brewer and Bird (the first and senior authors, respectively, on the Brewer et al., 

2016 publication) prior to conducting Study 1, they suggested that images from the standard 



 18 
 

condition were most like those that might be observed in real life, and thus most likely to be 

representative of real-world interactions. (Studies 2 and 3 also use stimuli from the standard 

condition, while Studies 4 and 5 use stimuli from both the standard and the communicate 

conditions.)  

Third, I did not limit the amount of time observers could view the image before deciding 

what emotion the face was conveying. Brewer et al. (2016) had limited the stimulus presentation 

time to 800 ms. This difference in timing was inadvertent (and discovered only after Study 1 was 

completed). Study 2 investigates directly whether the length of time participants can see an 

image has an effect on emotion recognition accuracy. (To foreshadow results from Study 2, it 

does not.) 

Finally, whereas Faso et al. (2015) and Brewer et al. (2016) had small sample sizes (N = 

38 and N = 13, respectively), in Study 1, I included 371 non-autistic participants.  

Method 

Participants 

Participants were 371 non-autistic individuals from the University of Virginia, who 

participated for course credit. Data from 37 additional participants were collected, but their data 

are not reported here because they self-identified as autistic (and this study was intended to 

include only non-autistic participants) (5); because they failed to respond to all trials (29); or 

because they completed what was intended to be a 60-minute study in less than 15 minutes, 

suggesting they had not sufficiently attended to the task (3). I did not conduct an a priori power 

analysis; the study was available from November 2020 to December 2020, and I allowed any 

student registered with the participant pool to take it.3  

 
3 After data collection was completed, I conducted a power analysis using G*Power (Erdfelder et al., 1996; Faul et 
al., 2007). It showed that for a 2 x 6 repeated measures ANOVA (the format of my analysis, described below), 



 19 
 

 Participant demographics are reported in Table 1, but briefly: the sample was, on average, 

19 years old (Mage = 18.95, SDage = 1.41, Range = 18-32 years old), and most participants 

identified as female (70%) and White (64%).  

 

Table 1.  

Study 1 Participant Demographics 

 Female Male Non-Binary 

N (%, N) 70% (258) 30 % (111) 1% (2) 

Age (Mean, SD) 18.86 (1.36) 19.16 (1.50) 19.5 (0.71) 

Race/Ethnicity (%, N)    

African American 5% (12) 4% (4) - 

Asian American 20% (52) 21% (23) - 

Hispanic/Latinx 2% (5) 2% (2) 50% (1) 

White 64% (165) 66% (73) - 

Multiple Races 8% (20) 6% (7) 50% (1) 

Other 2% (4) 1% (1) - 

Decline to Answer - 1% (1) - 

Note. Percentages reported in all demographic tables are of the total number of participants 

within that gender identity, not percentage of the whole sample. Percentages are rounded to the 

nearest whole number. 

 

 

 
detecting a small effect of Cohen’s F = 0.1 with .95 power would require 166 participants. This suggests that the 
sample size of 371 was more than sufficiently powered to detect small to large effects, should they exist.  



 20 
 

Stimuli 

 Stimuli were those used in Brewer et al.’s (2016) standard condition. Autistic and non-

autistic posers were given pieces of paper with one of six emotion terms written on it (anger, 

fear, disgust, happiness, sadness, and surprise). Posers were instructed to make the facial 

expression associated with that emotion for three seconds and were photographed as they did so 

(Brewer et al., 2016, p. 264). The order in which they made the expressions was random. Photos 

were black and white. 

Although Brewer et al. (2016) used photos from 16 autistic and 17 non-autistic posers, 

they were able to share complete sets of photos of all six expressions for 12 non-autistic (all 

male) and 12 autistic posers (9 male, 3 female4). Thus, I presented participants with 144 photos, 

72 of which were of non-autistic posers and 72 of which were of autistic posers. Figure 1 shows 

an example of one non-autistic poser’s complete set of expressions. 

 

 
4 Because there were unequal numbers of male and female posers in these two groups, I also investigated whether 
there were gender-based effects in these results. All analyses from Studies 1-5 that compared autistic and non-
autistic posers were also completed with only the male posers. Patterns and interpretation of results reported with all 
posers were generally the same those with just the male posers, and so I do not return to consideration of this topic. 
All relevant statistics can be found in Appendix E. 
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Figure 1. One non-autistic poser’s set of six expressions created in the standard condition of 

Brewer et al. (2016) and used in Studies 1-5. This image was originally included in the Brewer et 

al. (2016) publication.  

 

Procedure 

 Participants completed the study on Qualtrics, an online survey platform. After 

completing consent and demographic forms, participants began the study. The 144 faces 

described above were presented to participants one at a time and in a random order, and 

participants selected which of six emotions the face showed (see Figure 2 for an example). For 

each trial, the stimulus remained visible until they selected an emotion and clicked an arrow to 
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proceed to the next trial.5

Figure 2. An example of one trial of the emotion recognition paradigm used in Studies 1, 2, and 

5. Response options appeared in the same order for all trials, all participants, and across all 

studies.  

 

 

 

 
5 I had initially considered the possibility that if participants made an incorrect decision initially, their performance 
might improve if given a chance to make a second response. Therefore, after each initial response and regardless of 
whether it was correct, participants were prompted with the face again and told to select from the remaining five 
labels what other emotion it could be (or they could also select “none”). Here I report only the results from the initial 
responses as they are more comparable to the procedure used by both Brewer et al. (2016) and Faso et al. (2015). 
Results from the second attempt analyses can be found in Appendix A.  
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Analysis Plan 

 Data for all studies reported in this dissertation were analyzed with R (version 4.2.1; R 

Core Team, 2022), using the RStudio interface (version 2022.07.2+576; posit, 2022). In studies 

that include an emotion recognition paradigm (Studies 1, 2, and 5) I will report analyses from 

two dependent variables generated from participants’ responses. The first is a traditional emotion 

recognition accuracy score, which is the proportion of expressions correctly identified, relative to 

the entire number of expressions. The second is a Wagner’s Unbiased Hit Rate score (Wagner’s 

UHR; Wagner, 1993), which accounts for any bias in participant’s responses introduced by a 

tendency to select one response option more frequently than others. In the analyses that follow, I 

will present the results regarding the emotion recognition accuracy score, as this is the dependent 

variable reported by both Brewer et al. (2016) and Faso et al. (2015). I will then briefly present 

the results of the Wagner’s UHR analyses.   

Both emotion recognition accuracy and Wagner’s UHR were analyzed using mixed 

effects modelling with the “lme4” package in R (Bates et al., 2015). In these models, the 

independent variables of poser neurotype (two levels: autistic or non-autistic), emotion (six 

levels: anger, disgust, fear, happiness, sadness, and surprise), and their interaction were treated as 

fixed effects. To account for multiple observations, a random effects term estimated an intercept 

for each participant.  

Given Brewer et al.'s (2016) findings using the same stimuli, I expected that non-autistic 

posers’ expressions would be better identified than autistic posers’ expressions, which would be 

evident by a main effect of poser neurotype. I additionally expected that some emotions would 

be identified better than others, and that the magnitude of the differences between emotions 

might vary by poser neurotype, which would be evident in a main effect of emotion and/or an 
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interaction between poser neurotype and emotion. To follow up on any of these main or 

interaction effects, I used the “emmeans” package in R (Lenth, 2022). Data and code for this 

study can be found at https://osf.io/jwt8a.   

Results 

Emotion Recognition Accuracy 

Figure 3 shows the average emotion recognition accuracy score as a function of emotion 

and poser neurotype. As shown in the Figure, for all emotions but happiness, recognition 

accuracy for expressions produced by autistic posers was higher than those for expressions 

produced by non-autistic posers, F(1, 4070) = 296.39, p < .001. Some emotions were identified 

better than others, F(5, 4070) = 1649.12, p < .001, and there was an interaction between poser 

neurotype and emotion F(5, 4070) = 18.79, p < .001.  
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Figure 3. Study 1 average emotion recognition accuracy as a function of poser neurotype and 

emotion. Error bars represent the 95% confidence interval. Asterisks indicate whether 

recognition of autistic and non-autistic posers differed. *** p < .001. 

 

 To follow up on the two-way interaction between poser neurotype and emotion, I 

compared the average recognition accuracy score between autistic and non-autistic expressions 

separately for each emotion. For all emotions but happiness, autistic expressions were recognized 

significantly better than non-autistic expressions, all ts (4070) ≥ 5.90, all ps < .001. There was no 

difference in recognition rates between autistic and non-autistic expressions for happiness, 

t(4070) = -0.19,  p = .841 (see Table A2 in Appendix A for full inferential statistics).  

Poser Rank 

It is possible that the autistic expressions were better recognized because of a small 

subset of autistic posers who produced particularly recognizable expressions. To investigate this 
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possibility, I calculated each poser’s rank within a given emotion category. Figure 4 shows each 

poser’s emotion recognition accuracy rank (relative to the other posers) as a function of emotion 

and poser neurotype (i.e., each line represents a single poser). If higher emotion recognition 

accuracy were being driven by a subset of particularly expressive autistic posers, there would be 

several relatively stable lines from that group across the top of the figure. Instead, as the figure 

shows, which posers were best recognized depended on the emotion depicted, and this was true 

of both the autistic and non-autistic posers. Indeed, none of the correlations for the posers ranks 

for any of the pairs of emotions was ≥ |.50| suggesting that, as the figure shows, there was no 

particularly recognizable poser’s face (see Table A3 in Appendix A for full correlation matrix).   

  



 27 
 

 

 

Figure 4. Study 1 poser rank as a function of emotion and poser neurotype. Each point represents 

a given poser’s rank within that emotion category. Lines connect the same poser across the six 

emotion categories. Lower rank indicates higher average recognition accuracy for that poser 

relative to the other posers (i.e., a rank of 1 indicates highest recognition accuracy amongst both 

autistic and non-autistic posers, a rank of 24 indicates lowest recognition accuracy). 

 

Wagner’s UHR 

 I conducted an identical analysis modelling participants’ responses with Wagner’s UHR 

as the dependent variable. The results of this analysis revealed significant main effects of poser 

neurotype, F(1, 4045.9) = 792.89, p < .001, emotion, F(5, 4045.7) = 3500.59, p < .001, and a 
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significant two-way interaction between poser neurotype and emotion F(5, 4045.8) = 28.86, p < 

.001. To follow up on this two-way interaction, I investigated the simple effect of poser 

neurotype at each level of emotion. For every emotion, autistic expressions were recognized with 

greater accuracy than non-autistic expressions, all ts (4045) ≥ 2.50, all ps < .05 (see Table A4 in 

Appendix A for all pairwise comparisons). Thus, for both emotion recognition accuracy and 

Wagner’s UHR, autistic expressions were recognized more accurately than non-autistic 

expressions.  

Discussion 

 Contrary to my expectations, expressions produced by autistic posers were recognized 

more accurately, on average, than expressions produced by non-autistic posers (except for 

happiness, where there was no difference). That a sample of non-autistic participants recognized 

the expressions of autistic posers more accurately is incompatible with the hypothesis that 

differences in internal representations are to blame when a non-autistic person misunderstands an 

autistic person’s emotions in real interactions.  

My results in Study 1 differ from those of Brewer et al. (2016)—whose stimuli I used—

who found that non-autistic participants tended to recognize expressions produced by non-

autistic posers with greater accuracy. Interestingly, my findings also differ somewhat from those 

of Faso et al. (2015). While Faso et al. found an advantage in recognition accuracy for autistic 

posers, this effect was driven by greater accuracy for autistic expressions of anger. In Study 1, I 

found an advantage for autistic expressions in all emotions but happiness.  

There are two possible explanations for why results from Study 1 differ from those of 

Brewer et al. (2016) and Faso et al. (2015). First, my Study 1 had 371 non-autistic participants, a 

sample much larger than either Brewer et al. (2016; N = 13) or Faso et al. (2015; N = 38). 
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Second, like Faso et al.—who also found an advantage in recognition accuracy for autistic 

expressions—Study 1 did not limit participants’ exposure to the stimuli prior to their responses. 

But Brewer et al.—who did not find an advantage for autistic expressions—limited participants’ 

exposure to the stimuli to 800 ms. While I suspect that the sample size explanation is the most 

likely, it is important to experimentally investigate whether the duration of stimulus presentation 

time has a differential effect on recognition accuracy for autistic and non-autistic expressions. 

This was the goal of Study 2.   
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Study 2- Does Length of Stimulus Exposure Explain Study 1’s Surprising Results? 

The difference in stimulus duration is an unlikely explanation for the discrepancy 

between results of Study 1 and those of Brewer et al. (2016). While Brewer et al. (2016) did limit 

participants’ exposure to the stimuli to 800 ms, prior research suggests that this limited exposure 

should not have an impact on emotion recognition accuracy. For example, work investigating 

response times to emotional stimuli has found that people tend to make a decision about what 

emotion a face is showing in less than 1000 ms (e.g., Markovska-Simoska & Pop-Jordanova et 

al., 2010; Sonneville et al., 2002; Tracy et al., 2011; Tracy & Robins, 2008). Similarly, work 

investigating duration-limited stimuli has found that emotion recognition accuracy is still high 

(i.e., >70% accuracy) for stimuli presented for even 500 ms or less (e.g., Calvo et al., 2008; Getz 

et al., 2003; Tseng et al., 2017). As such, it is not likely that limiting participants’ exposure to 

800 ms would have an effect on emotion recognition accuracy. Nevertheless, to test the effect of 

stimulus duration, participants completed the same task as in Study 1, either in an untimed 

condition (an exact replication of Study 1) or in a timed condition. In the timed condition, each 

stimulus was visible to participants for 800 ms, after which it was replaced by the six response 

options. 

Another important factor to consider is that participants’ performance on emotion 

recognition tasks can be influenced by the extent to which they experience traits associated with 

autism. The concept of the broad autism phenotype captures the idea that non-autistic people 

vary in the extent to which they experience traits associated with autism (Piven et al., 1997). This 

means that the non-autistic participants in this sample also experienced a varying degree of 

autistic traits. Prior work has found that higher levels of autistic traits (in non-autistic people) are 

associated with worse performance on emotion recognition accuracy tasks (e.g., Bölte & 
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Poustka, 2003; Evers et al., 2015; Kadak et al., 2014; Palermo et al., 2006; Sucksmith et al., 

2013). To account for any differences in emotion recognition performance, participants in Study 

2 (and in Study 5, the remaining two studies that included emotion recognition tasks) completed 

the Broad Autism Phenotype Questionnaire (BAP-Q; Hurley et al., 2007), and scores on the 

BAP-Q were included as a covariate in emotion recognition analyses in those studies.  

Method 

Participants 

Participants were 159 non-autistic undergraduates or recent graduates of the University of 

Virginia. Data from an additional 11 participants were collected, but they are not reported here 

because they did not finish the study (4), or because they identified as autistic (7). Data were 

collected from July to September 20226. Eighty-two percent of participants (N = 130) 

participated in exchange for compensation in the form of a $7.50 Amazon™ gift card. The 

remaining participants (N = 29) participated in exchange for course credit. The results reported 

below were the same when I included the full sample or when I included only those participants 

who completed the study for compensation. 

 Full participant demographics are reported in Table 2. The sample was on average 20 

years old (Mage = 20.03, SDage = 1.35, Range = 18-28 years old), and most participants identified 

as female (87%) and White (59%).  

Prior to data collection, I conducted an a priori power analysis using the “simr” package 

in R (Green & MacLeod, 2016). This power analysis indicated that to detect an overall reduction 

in emotion recognition accuracy of 7.5% between participants in the timed and untimed 

condition would require 150 participants (75 per condition). I chose 7.5% as the minimum effect 

 
6 Note that Study 2 took place after Studies 3 and 4, but here is presented as the second study in this dissertation.  
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size of interest because it is the average difference (rounded to one half of a percent) in 

recognition accuracy between autistic and non-autistic expressions in Study 1 (MDifference = 

7.33%) In the final sample of 159 participants, 80 were in the timed condition and 79 were in the 

untimed condition, both described below.  
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Table 2. 

Study 2 Participant Demographics 

 Female Male Non-Binary 

N (%, N) 87% (139) 11% (18) 1% (2) 

Age (Mean, SD) 20.05 (1.40) 19.89 (1.02) 20.00 (1.41) 

Race (%, N)    

African American 9% (13) 6% (1) - 

Asian American 26% (36) 22% (4) - 

White 58% (81) 67% (12) 50% (1) 

Multiple Races 6% (8) 6% (1) - 

Other 1% (1) - 50% (1) 

Ethnicity    

Hispanic/Latinx 7% (9) 6% (1) - 

Non-Hispanic/Latinx 90% (125) 89% (16) 100% (2) 

Unknown/Decline to 

Answer 
4% (5) 6% (1) - 

 

Stimuli 

 Stimuli were the same as those used in Study 1. 

Procedure 

 Participants completed the study online via Qualtrics. After completing the consent form 

and demographics questions, participants were randomly assigned to either the timed or untimed 

stimulus conditions. The untimed condition was a direct replication of Study 1. In the timed 
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condition, participants saw all 144 images one at a time and in a random order. On each trial, 

participants first saw a fixation cross in the center of their screen for 500 ms. The target 

expression replaced the fixation cross and was visible for 800 ms. After the face disappeared 

from the screen, participants were prompted to select which of 6 emotions they believed the 

expression was conveying, as in Study 1 (see Figure 1).  

Broad Autism Phenotype Questionnaire (BAP-Q; Hurley et al., 2007) 

 Participants then completed the BAP-Q. The BAP-Q is a 36-item questionnaire designed 

to capture the extent to which participants endorse behavioral traits that are commonly associated 

with the broad autism phenotype (Piven et al., 1997). Items include prompts such as “I can tell 

when it is time to change topics in conversation” or “I have been told that I talk too much about 

certain topics.” Participants respond to items via a 6-item Likert scale ranging from “Very 

Rarely” to “Very Often.” The BAP-Q has been found to have high internal consistency 

(Cronbach’s a = 0.95; Hurley et al., 2007), and the same was true in the sample reported here 

(Cronbach’s a = 0.87, 95% CI [0.84, 0.90]). 

Analysis Plan 

 Dependent variables were calculated and modelled the same as in Study 1. This study 

was pre-registered at https://osf.io/m6srd. Data and code for this study can be found at 

https://osf.io/jwt8a.   

Results 

Emotion Recognition Accuracy 

The top panel of Figure 5 shows emotion recognition accuracy (as a function of poser 

neurotype and emotion category) for participants in the timed condition, and the bottom panel 

shows the results from the untimed condition. In both conditions, and replicating the results of 
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Study 1, non-autistic participants recognized expressions produced by autistic posers with greater 

accuracy than expressions produced by non-autistic posers. Importantly, this pattern was found 

in both the timed and untimed conditions.   

 

 

Figure 5. Study 2 average emotion recognition accuracy as a function of poser neurotype and 

emotion in the timed (top panel) and untimed (bottom panel) conditions. Error bars represent the 

95% confidence interval. Asterisks to denote differences in pairwise comparisons of recognition 

accuracy are not included as the three-way interaction was not significant.  
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 The 2 (poser neurotype) x 6 (emotion category) x 2 (timing condition) ANCOVA—with 

BAP-Q as a covariate—on the data in Figure 5 yielded significant main effects of poser 

neurotype, F(1, 1883) = 84.18, p <.001, emotion, F(5, 1883) = 664.40, p < .001, and timing 

condition, F(1, 1883) = 16.98, p <.001. There were also two-way interactions between poser 

neurotype and emotion, F(5, 1883) = 8.75, p < .001, emotion and timing condition, F(5, 1883) = 

3.51, p = .004, and poser neurotype and timing condition, F(1, 1883) = 5.74, p = .017. Most 

importantly to the present research question, however, there was no three-way interaction 

between poser neurotype, emotion, and timing condition F(5, 1883) = 0.30, p = .914. This 

suggests that the patterns of recognition accuracy between autistic and non-autistic posers over 

the six emotions did not differ depending on how long participants were able to view the stimuli. 

Finally, the effect of the covariate, level of autism symptomatology, was also not significant F(1, 

1883) = 3.04, p = .081, suggesting participants’ level of autism-related traits did not affect their 

recognition accuracy performance.  

 The two-way interaction between poser neurotype and timing condition indicated that the 

difference in recognition accuracy between autistic and non-autistic posers was greater in the 

untimed than in the timed condition. Crucially, in both conditions, autistic expressions were 

recognized significantly more accurately than non-autistic expressions (untimed: Mautistic = 60% 

vs. Mnon-autistic = 53%, t(1727) = 8.16, p < .001; timed: Mautistic = 56% vs, Mnon-autistic = 52%, 

t(1727) = 4.81, p <.001). 

 Next, I investigated the simple effects between poser neurotype and emotion, averaged 

across the timing conditions. These simple effects revealed a pattern similar to that reported in 

Study 1: Autistic expressions of anger, disgust, fear, and surprise were recognized more 

accurately than the non-autistic expressions of those emotions (all ts ≥ 3.03, all ps < .01). 
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Happiness was recognized equally well on autistic and non-autistic faces (like Study 1), as was 

sadness (unlike Study 1; see Table B1 in Appendix B for all relevant statistics).  

Poser Rank 

 Also as in Study 1, I investigated whether the patterns in recognition accuracy were being 

driven by a subgroup of particularly recognizable autistic posers. I calculated the relative ranking 

of each poser’s emotion recognition accuracy score for each emotion, and within each timing 

condition. Figure 6 shows each poser’s rank as a function of emotion, timing condition, and 

poser neurotype. As the figure shows, there is not a subset of consistently well recognized posers 

in either of the conditions. Indeed, when comparing each poser’s rank across the six emotions, 

correlations were not greater than |.44| in either the timed or untimed conditions (see Table B2 in 

Appendix B for full correlation matrices). This suggests that, as in Study 1, recognition accuracy 

was not driven by a small subset of autistic posers.  
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Figure 6. Study 2 poser rank as a function of emotion, timing condition, and poser neurotype. 

Each point represents a given poser’s rank within that emotion category. Lines connect the same 

poser across the six emotion categories. Lower rank indicates higher average recognition 

accuracy for that poser relative to the other posers. Overlapping points indicate when multiple 

posers were tied for a given rank. 

 

 Interestingly, the relative ranking of faces was very similar in both the timed and untimed 

conditions. The correlation between the two was very high for each emotion: rAnger = .95; rDisgust 

= .98; rFear = .90; rHappiness = .85; rSadness = .95; rSurprise = .98. Therefore, participants perceived the 

stimuli similarly regardless of whether they were in the timed or untimed conditions.  
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Wagner’s UHR 

 Last, I conducted analyses with Wagner’s UHR as the dependent variable. These analyses 

revealed the same pattern as with emotion recognition accuracy. The effect of autism 

symptomatology as a covariate was not significant, F(1, 156.2) = 3.46, p = .065. The three main 

effects were significant: poser neurotype, F(1, 1723.5) = 248.14, p < .001, emotion, F(5, 1723.4) 

= 1686.99, p < .001, and timing condition F(1, 156.1) = 17.87, p  < .001. The two-way 

interactions between poser neurotype and emotion, F(5, 1723.5) = 9.36, p < .001, emotion and 

timing condition F(5, 1723.4) = 2.58, p =.024, and poser neurotype and timing condition F(1, 

1723.5) = 12.38, p < .001 were significant. Finally, the three-way interaction between poser 

neurotype, emotion, and timing condition was not significant, F(5, 1723.5) = 0.40, p = .847. The 

simple effects analyses stemming from the two-way interactions revealed a similar pattern of 

results to those analyses reported above, see Tables B3 and B4 in Appendix B for all relevant 

statistics. Even after accounting for potential bias in participants’ responses, autistic expressions 

were more accurately recognized than non-autistic expressions in both the timed and untimed 

conditions.  

Discussion 

 The goal of Study 2 was to determine whether the patterns of emotion recognition 

accuracy between autistic and non-autistic faces differed depending on how long participants 

could view the stimuli. I found that they do not. Regardless of whether participants had 800 ms 

to view a given image (as in Brewer et al., 2016) or whether they could view the image until they 

selected the emotion shown (as in Faso et al., 2015), non-autistic participants recognized anger, 

fear, disgust, and surprise more accurately on autistic expressions than on non-autistic 

expressions; there was no difference between autistic and non-autistic expressions for happiness 
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or sadness. These findings replicate my initial findings in Study 1 and demonstrate that this is a 

robust effect.  

The fact that non-autistic participants are better at recognizing many of the expressions of 

the autistic compared to the non-autistic posers raises the possibility that the two groups of 

posers have internal representations for emotional expressions that do not perfectly align. As will 

be described in the discussion of Study 3, I do not think this is actually the case. However, if 

autistic and non-autistic posers do share internal representations for emotional expressions, then 

one would expect that these non-autistic participants would have recognized the autistic and non-

autistic expressions equally well. Since this was not the case, I suspected that there must have 

been some attribute of the autistic poser’s internal representations that led to their creating more 

easily recognized expressions. Study 3 was designed to investigate what some of those attributes 

might be.   
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Study 3- Are Expressions Produced by Autistic Posers Perceived as Different from Non-

Autistic Posers’, and Does This Predict Recognition Accuracy? 

Study 3 was designed to investigate why expressions from autistic posers were better 

recognized than those of non-autistic posers in Studies 1 and 2. Specifically, I asked what 

characteristics of the autistic compared to the non-autistic expressions led to better recognition 

rates. I am not the first to investigate how perceptions of autistic and non-autistic emotional 

expressions differ. In Faso et al. (2015), for example, participants were asked to identify the 

emotion shown on autistic and non-autistic faces and then to rate the “intensity” and 

“naturalness” of each expression. Faso et al. found that autistic people’s expressions were rated 

as more intense but less natural, but they did not investigate the extent to which ratings of 

intensity and naturalness could predict accuracy of emotion expression recognition.  

In Study 3, I asked a new sample of non-autistic participants to rate the stimuli used in 

Studies 1 and 2 on four different dimensions. First, like Faso et al. (2015), I asked participants to 

rate the intensity of each emotional expression. Autistic people are sometimes described as 

displaying flat or reduced facial affect (e.g., Stagg et al., 2014). But given that the intensity of an 

expression is positively associated with how accurately it is recognized (e.g., Montagne et al., 

2007; Orgeta & Philips, 2007), perhaps the autistic posers in this sample made more intense 

emotional expressions than the non-autistic participants.  

Second, I asked participants how “posed” each expression looked. I adapted this 

dimension from Faso et al.’s (2015) “naturalness” ratings. “Posedness” was designed to capture 

the idea that someone might be expressing an emotion without experiencing it. I did not have a 

specific hypothesis about whether one poser group would appear more or less posed than the 

other since the instructions given to both groups told them to “pose to the best of their ability” 
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(Brewer et al., 2016, p. 264). But, if either group interpreted these instructions differently, that 

might be captured with responses to this question.  

Third, I asked participants to indicate how “awkward” an expression appeared to be. In 

some studies, non-autistic participants rate autistic people as more awkward than non-autistic 

people (e.g., Grossman, 2015; Sasson et al., 2017). I predicted that the autistic expressions would 

be perceived as more awkward by the non-autistic participants but did not have specific 

predictions regarding whether this might relate to recognition accuracy.  

Finally, I asked participants to rate how “good” an example of a given emotion each 

expression was. I initially considered asking participants to rate the “prototypicality” of a given 

expression. However, I suspected that asking participants how prototypical a facial expression 

was could lead them to compare it to other expressions in the stimulus set, not to their own 

expectations for how an expression should look. This “goodness” dimension was designed to tap 

into whether these expressions aligned with participants’ representations for emotional 

expressions. I assumed higher goodness ratings would be associated with a greater overlap 

between a given expression and a participant’s expectations about the physical properties of the 

emotion the expression was intended to convey. Given the higher recognition accuracy described 

in Studies 1 and 2, I predicted that autistic faces would receive higher goodness ratings. 

Finally, in Study 3, I asked whether these four characteristics of each expression could be 

used to predict how accurately that expression was recognized (using the emotion recognition 

accuracy rates in Study 1). This is important because if the expressions from autistic or non-

autistic posers differ on one or more of these dimensions, then I could determine whether those 

differences are particularly important for predicting recognition accuracy.   
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Method 

Participants 

Participants were 166 non-autistic undergraduates at the University of Virginia, who 

participated for course credit. Data from 28 additional participants were collected, but their data 

are not reported here because they self-identified as autistic (1); because they failed to pass the 

attention checks described below (18); or because they completed what was designed to be a 45-

minute study in less than 10 minutes (9). I did not conduct an a priori power analysis, and sample 

size was determined based on the number of participants available to complete the study over 

two weeks from late November to early December 2021.  

 Participant demographics are reported in Table 3, but the sample largely resembled that 

of Studies 1 and 2. Participants were, on average, 19 years old (Mage = 19.16, SDage = 1.18, 

Range = 18-25 years old), mostly identified as female (61%) and White (58%).  
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Table 3.  

Study 3 Participant Demographics 

 Female Male Non-Binary Self-Describe 

N (%, N) 61% (101) 37 % (61) 2% (3) 1% (1) 

Age (M, SD) 18.92 (1.01) 19.56 (1.35) 19.00 (1.00) 19.00 (NA) 

Race (%, N)     

African American 10% (10) 7% (4) - - 

Asian American 31% (31) 21% (13) 33% (1) 100% (1) 

White 57% (58) 62% (38) 33% (1) - 

Multiple Races 1% (1) 7% (4) 33% (1) - 

Decline to Answer 1% (1) 3% (2) - - 

Ethnicity     

Hispanic/Latinx 5% (5) 7% (4) - - 

Non-Hispanic/Latinx 91% (92) 92% (56) 100% (3) 100% (1) 

Decline to Answer 4% (4) 2% (1) - - 

Note. The participant who indicated they preferred to self-describe their gender identity was able 

to provide a description via a text-response box but chose not to do so.   

 

Stimuli 

 Stimuli were the same as those used in Studies 1 and 2.  

Procedure 

 Participants completed the study on Qualtrics. Because asking participants to rate all 144 

faces on 4 dimensions would have taken participants over an hour, each participant was assigned 
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to view half of the entire stimulus set. Participants saw a pseudo-randomly selected subset of six 

autistic and six non-autistic posers for each of the six emotions. Each poser was seen an equal 

number of times across all participants. Faces were shown one at a time, in a random order. 

 Figure 7 shows an example of one trial. For each face, participants were told what 

emotion the expression was intended to convey (e.g., “This face is an expression of: Surprise”). 

They responded to the following four questions in this order: “How awkward is this expression 

of [surprise]?”, “How intense is this expression of [surprise]?”, “How much does this expression 

of [surprise] look posed?”, “How good is this expression of [surprise]?” Participants made their 

ratings on a 5-point Likert scale (Not at all, Slightly, Mildly, Moderately, and Very) by clicking a 

radio button. Participants could take as much time as they needed to make their ratings, and they 

could change any rating until they clicked a button to advance to the next trial. The face 

remained visible until they did so.  
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Figure 7. An example of one trial of the expression rating paradigm used in Study 3.  

 

As an attention check, three of the 72 trials included an additional prompt asking 

participants to select a specific response option (e.g., “Click on ‘Not at all’”). Whether a prompt 

appeared before, in the middle, or after the other four ratings varied over the attention checks, as 

did which response option was prompted. As noted above, data from 18 participants were 



 47 
 

excluded because they failed one or more of the three attention checks they encountered. Finally, 

data and code for this study can be found at https://osf.io/jwt8a.   

Results 

Rating Clusters 

Figure 8 shows the average rating for each of the four dimensions as a function of poser 

neurotype and across each emotion. As can be seen in the figure, the patterns of awkwardness 

and posedness across the six emotions largely resemble one another, as do the patterns for 

goodness and intensity. This suggests that these four ratings might represent two clusters of 

scores. To investigate this, I examined the correlations across these ratings. As expected given 

the figure, the highest correlation existed between the goodness and intensity ratings, r = .71, and 

the second highest was between the awkwardness and posedness ratings, r = .46. All other 

correlations were less than |.29|. Because these correlations suggested that the ratings clustered 

into two dimensions, and to avoid issues with multicollinearity in later analyses (see Chatterjee, 

2012; Midi & Bagheri, 2010), I averaged awkwardness and posedness ratings to create a 

composite score, and goodness and intensity ratings to create a composite score7. The composite 

awkwardness/posedness and goodness/intensity scores were not correlated with each other, r = -

.07.  

 
7 To confirm whether the creation of these composite scores was necessary, I also fit a model with the four ratings as 
separate independent predictors of recognition accuracy from Study 1. Variance inflation scores on the goodness and 
intensity ratings in particular indicated unacceptable levels of multicollinearity, and thus use of the composite scores 
was necessary. Relevant statistics can be found in Appendix C.  
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Figure 8. Study 3 average ratings for the expressions as a function of poser neurotype and 

emotion for each of the four original rating dimensions. Error bars represent the 95% confidence 

interval.  

 

Group Level Differences in Composite Ratings 

Figure 9 shows the average ratings for the awkwardness/posedness and 

goodness/intensity composites as a function of poser neurotype and emotion. As the figure 

shows, for anger, disgust, and sadness, expressions from autistic posers were rated as more 

awkward/posed than expressions from non-autistic posers. For disgust, fear, and surprise, 

expressions from autistic posers were rated as better/more intense than expressions from non-

autistic posers.   
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Figure 9. Study 3 average composite score for the expressions after consolidating the four rating 

dimensions into two composites: awkwardness/posedness (top panel) and goodness/intensity 

(bottom panel). In both panels, error bars represent the 95% confidence interval. Asterisks 

indicate whether ratings for autistic and non-autistic expressions differed from each other for a 

given emotion. *p < .05, *** p < .001. 
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and emotion for each composite separately. For the awkwardness/posedness composite, the two-

way interaction between poser neurotype and emotion was significant, F(5, 23693.09) = 31.40, p 

< .001: Expressions produced by autistic posers received higher awkwardness/posedness scores 

than those produced by non-autistic posers when expressing anger, disgust, and sadness. There 

was no difference in awkwardness/posedness scores between autistic and non-autistic 

expressions of fear, happiness, and surprise (see Table 4).  

For the goodness/intensity composite, the two-way interaction between poser neurotype 

and emotion was statistically significant F(5, 23693.09) = 27.04, p < .001. Expressions produced 

by autistic posers received higher goodness/intensity scores than those produced by non-autistic 

posers when expressing disgust, fear, and surprise. There was no difference in goodness/intensity 

scores between autistic and non-autistic expressions of anger, happiness, and sadness (see Table 

4).  

Thus, while autistic posers’ expressions were rated as more awkward/posed for some 

emotions, they were also rated as better/more intense for others. I next consider whether the 

awkwardness/posedness composite and/or the goodness/intensity composite could be used to 

predict how well expressions were identified, above and beyond poser neurotype.  
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Table 4.  

Study 3 Pairwise Comparisons Between Autistic and Non-Autistic Posers, Broken Down by Each 

Rating Composite and Emotion.  

Rating 

Dimension 
Emotion 

Autistic 

Poser Mean 

Non-Autistic 

Poser Mean 
t (26.6) p 

Effect 

Size 

Awkward/ 

Posed 
      

 Anger 3.24 2.61 4.20 < .001 0.60 

 Disgust 3.12 2.77 2.30 .029 0.33 

 Fear 2.81 2.76 0.39 .702 0.06 

 Happiness 2.50 2.59 -0.60 .552 -0.09 

 Sadness 2.86 2.49 2.48 .020 0.35 

 Surprise 2.94 2.86 0.51 .618 0.07 

Good/Intense       

 Anger 3.00 2.84 1.06 .299 0.15 

 Disgust 3.78 3.19 3.95 < .001 0.56 

 Fear 3.03 2.36 4.47 < .001 0.64 

 Happiness 3.33 3.21 0.80 .429 0.11 

 Sadness 2.84 2.58 1.70 .102 0.24 

 Surprise 3.20 2.62 3.87 < .001 0.55 

Note. Reported effect size is from the “eff_size” function in the “emmeans” package (Lenth, 

2022). It should be interpreted equivalently to Cohen’s D (Cohen, 1992).   

 



 52 
 

Importance of Ratings for Recognition Accuracy 

For each of the 144 expressions in the stimulus set, I first calculated the proportion of 

participants in Study 1 who correctly recognized that expression8. Then, I calculated from 

participants in Study 3 the average awkwardness/posedness and goodness/intensity scores for 

each of the 144 expressions. I fit a simple linear model9 to predict recognition accuracy (from 

Study 1) with the expressions’ awkwardness/posedness and goodness/intensity scores (from 

Study 3’s data), neurotype of the poser, and the emotion being expressed. I conducted an 

“importance analysis” to determine each predictor’s independent contribution to the variance in 

recognition accuracy explained by the model. I then conducted bootstrapped pairwise 

comparisons of these contributions to see whether any predictor contributed significantly more to 

the variance in recognition accuracy explained by the model than any other predictor. I used the 

“relaimpo” package in R to conduct these analyses (Grömping, 2007).  

The omnibus test for the linear model was significant, F(8, 135) = 45.89, p < .001, 

R2adjusted = .72. However, only the goodness/intensity composite and emotion category were 

significant predictors (see Table 5 for full inferential statistics). For every one-unit increase in 

average goodness/intensity, recognition accuracy went up by 23%. Several of the emotion 

categories (fear, happiness, sadness, and surprise) differed from the reference level, expressions 

of anger. Neither poser neurotype nor awkwardness/posedness composite significantly predicted 

expression recognition accuracy.  

  

 
8 Importance analyses with the recognition accuracy data from Study 2’s untimed condition yielded the same 
pattern. See Appendix C for relevant statistics.  
9 I also fit this data to a linear mixed effects model with random intercepts for each poser. Both the simple linear 
regression and linear mixed effects models estimated the same coefficients. Given that the simple linear regression 
was more parsimonious and had better fit statistics (see Appendix C for relevant statistics), it is used here.  
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Table 5.  

Study 3 Estimated Coefficients from Linear Model Predicting Recognition Accuracy with Two 

Composite Rating Variables.  

 𝛽 t(135) p 

Intercept -0.33 -3.08 .003 

Emotion- Disgust 0.00 0.08 .938 

Emotion- Fear -0.20 -4.04 < .001 

Emotion-Happiness 0.35 7.15 < .001 

Emotion-Sadness 0.16 3.18 .002 

Emotion-Surprise 0.11 2.33 .021 

Neurotype- Non-Autistic 0.02 0.70 .486 

Goodness/Intensity Rating 0.23 12.32 < .001 

Awkwardness/Posedness Rating 0.04 1.37 .173 

Note. The intercept term in this model represents the estimate for autistic (the reference level for 

poser neurotype) expressions of anger (the reference level for emotion category) with a 

goodness/intensity and awkwardness/posedness score of 0. The coefficient for poser neurotype 

should be interpreted as the difference in recognition accuracy between autistic and non-autistic 

posers.  Coefficients for the levels of emotion should be interpreted as the difference in 

recognition accuracy from that level of the variable to the reference level.  

 

I next conducted an importance analysis to determine whether any predictor was more 

important than any other predictor for explaining the variance in emotion recognition accuracy. 

The results of this analysis revealed that the goodness/intensity dimension (38%; 95% CI [27%, 
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47%]) and the emotion depicted for an expression (34%; 95% CI [26%, 46%]) contributed the 

most to the variance explained by the model. The poser’s neurotype (1%; 95% CI [0%, 3%]) and 

the awkwardness/posedness dimension (0%, 95% CI [0%, 2%]) each contributed very little. The 

results of the bootstrapped pairwise comparisons indicated that the goodness/intensity dimension 

and the emotion depicted did not significantly differ from one another, but both significantly 

differed from poser neurotype and the awkwardness/posedness dimension. Furthermore, poser 

neurotype and the awkwardness/posedness dimension did not significantly differ from one 

another.10 Thus how good/intense a face appears to a non-autistic participant explains how well 

that expression is recognized above and beyond whether that expression comes from an autistic 

or non-autistic poser.  

Discussion 

 Compared to expressions produced by non-autistic posers, expressions produced by 

autistic posers were rated as more awkward/posed (particularly for anger, disgust, and sadness) 

and better/more intense (particularly for disgust, fear, and surprise). Findings from the 

awkwardness/posedness composite are not surprising: Non-autistic people perceive autistic 

people’s facial expressions as awkward (e.g., DeBrabander et al., 2019; Grossman et al., 2013; 

Grossman, 2015; Sasson et al., 2017). But the finding that autistic faces were rated as 

better/more intense is surprising. A good deal of prior literature has found that autistic people 

tend to exhibit “flat affect” (Bieberich & Morgan, 2004; Czapinksi & Bryson, 2003; Dawson et 

al., 1990; Kasari et al., 1990; Stagg et al., 2014). Thus, one might have expected autistic 

expressions to be rated as less intense than the non-autistic expressions, which would have 

 
10 I do not report exact p-values for these analyses because the “relaimpo” package generates 95% confidence 
intervals for these estimates. Statistical significance for pairwise comparisons is determined based on whether these 
confidence intervals overlap. The exact confidence intervals can be seen in Appendix C.  
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resulted in lower goodness/intensity ratings. In fact, I found the opposite: Expressions produced 

by autistic posers received higher goodness/intensity ratings.  

 There are at least two possibilities for why expressions from autistic posers were rated as 

better and more intense examples of the intended emotions than those from non-autistic posers. 

First, while flat affect is a common aspect in autism, it is not universal (e.g., Konstantareas & 

Hewitt, 2001). Perhaps the 12 autistic posers represented in Brewer et al.’s (2016) stimuli happen 

to be autistic people who are particularly expressive. Second, some autism interventions focus on 

training autistic people how to produce intense facial emotional expressions (e.g., Grossard et al., 

2017, 2018; Hassan et al., 2021). For example, Gordon et al. (2014) attempted to train autistic 

children to make “better” emotional expressions by playing a game that only progressed when 

they made a “good” example of an expression. Quality of the expression was determined by 

measuring the extent to which children activated facial muscles relevant to the target emotion. 

The higher the activation (i.e., the more intense), the “better” the expression was deemed, and 

thus the game would progress. It is not possible to know whether any of the autistic posers in the 

stimulus set received similar kinds of feedback about producing “good” examples of emotional 

expressions. But it is possible that one way autistic people might adapt to the lived experience of 

having their emotions misunderstood is by exhibiting emotional expressions of a high intensity.  

 The results of Studies 1 through 3 could be interpreted to mean that there is more overlap 

in the internal representations of non-autistic participants and the autistic posers than the non-

autistic participants and non-autistic posers. Indeed, based on the logic I provided in the 

Introduction, non-autistic participants’ higher emotion recognition accuracy for autistic 

expressions (and their rating autistic expressions as better/more intense) would suggest this. 

However, I think this is unlikely. Other research has shown that members of the same cultural 
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group tend to have representations that are shared with ingroup members, but not necessarily 

with outgroup members (Jack et al., 2009; Jack, Caldara, et al., 2012; Jack, Garrod, et al., 2012). 

Admittedly, the posers and observers in my study do come from different countries: the posers 

from the UK, the observers from the US. One might argue that there are cultural differences in 

how emotions are expressed in these countries (e.g., the UK’s “stiff upper lip” vs. the US’s 

tendency to be “overly emotional”). Perhaps the non-autistic participants do not share as much 

cultural ground with the non-autistic posers as one might expect (though, the same would be true 

of the non-autistic participants and the autistic posers). However, I do not believe this is the case.   

 Both the US and the UK constitute WEIRD cultures: Western, educated, industrialized, 

rich, and democratic (Henrich et al., 2010). Therefore, despite slight nationality-based cultural 

differences in when emotion tends to be expressed, the largest cultural difference that 

presumably exists amongst these three groups of people is that of neurotype. In fact, autistic 

people are sometimes described as comprising a unique cultural group relative to non-autistic 

people (e.g., Botha & Frost, 2020; Leadbitter et al., 2021), just as disabled people form a distinct 

cultural group from non-disabled people (e.g., Kaplan & Liu, 2000; Nario-Redmond & Oleson, 

2016; Nario-Redmond et al., 2012). Therefore, it seems unlikely that the non-autistic participants 

in this sample have more shared cultural ground (and thus shared internal representations for 

emotional expressions) with the autistic posers than the non-autistic posers.  

Instead, I argue that the autistic and non-autistic posers represented in the stimulus set 

used in Studies 1-3 have similar internal representations for emotional expressions. However, 

they expressed them differently because of differences in the way they interpreted the 

instructions that were used to invite them to pose in each expression. I investigate this possibility 

in Study 4.   
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Study 4- Did the Instructions Given to Posers Influence How Posers Produced Their 

Expressions, Leading Them to be Perceived Differently?  

It is possible that the autistic and non-autistic posers represented in Brewer et al.’s (2016) 

stimulus set (and used in Studies 1-3) held similar internal representations for emotional 

expressions but drew on those representations differently when producing the expressions. Recall 

that the expressions used in Studies 1-3 came from Brewer et al.’s (2016) standard condition, 

where posers were instructed to “pose each emotion to the best of [your] ability using facial 

expressions” (p. 264). In those instructions, posers were not provided any information about why 

they were being asked to produce these expressions, or who the expressions were intended for.  

The lack of context in those instructions is important, since prior work has found that 

when asked to draw on emotion information to complete a task, people will draw on the emotion 

information most salient to them—typically either their recent emotional experiences or their 

internal representations for emotions, depending on the context (Robinson & Clore, 2002). When 

participants are asked to report on recent events, they tend to draw on their memories of the 

emotions they actually experienced because those memories are readily available. However, 

when participants are asked to report on events from the past, they tend to report on their 

expectations for how they would have felt in that context, rather than their actual memories of 

their emotional experiences.  

This is relevant to explaining why autistic and non-autistic posers may have had similar 

internal representations for emotional expressions but manifested them differently when posing 

for the stimuli used in Studies 1-3. For the non-autistic posers, the most salient information may 

have been their most recent emotional experiences, and so they may have drawn on that 

information more than their internal representations when posing. For the autistic posers, the 
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most salient information may have been their internal representations. This is because, as noted 

in the Introduction, autistic people experience higher levels of alexithymia than non-autistic 

people (Berthoz & Hill, 2005; Hill et al., 2004; Lombardo et al., 2007; Milosavljevic et al., 

2016). Given that alexithymia entails difficulty identifying or describing one’s own emotions 

(Bagby et al., 1994; Nemiah & Sifneos, 1970), it is likely that the autistic posers in Brewer et al. 

(2016)11 would have been less likely than the non-autistic posers to draw on their recent 

emotional experiences when posing for the photos. In other words, autistic posers may have been 

more likely to draw on their internal representations when posing than non-autistic posers, who 

drew on their recent emotional experiences.  

Fortunately, Brewer et al. (2016) also had the same posers create facial expressions in a 

“communicate” condition. Here, posers were explicitly instructed to produce emotional 

expressions “in a way that would allow the experimenter to guess which emotion was being 

expressed” (Brewer et al., 2016, p. 265). I hypothesized that by making explicit that the purpose 

of the task was to communicate an emotion to someone else, both groups of posers would be 

likely to draw on their internal representations and so the stimuli from this communicate 

condition may more accurately reflect the internal representations of both the autistic and non-

autistic posers.    

Before testing whether autistic and non-autistic expressions produced in the communicate 

condition of Brewer et al. (2016) would be equally well recognized by non-autistic participants, I 

first conducted a study analogous to Study 3: I asked whether expressions produced by the two 

neurotypes would be rated by non-autistic participants as equally good and intense examples of 

 
11 Brewer et al. (2015) do not state the level of alexithymia for either the autistic or non-autistic posers. However, 
they do explain that alexithymia score was correlated strongly with a measure of autism symptomatology in their 
sample, r = .67. Presuming that the autistic posers had higher scores on the measure of autism symptomatology than 
the non-autistic posers, one can also infer that they likely had higher levels of alexithymia. 
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the intended emotion. (Note that I did not ask participants to rate the “awkwardness” or 

“posedness” of the expressions, as Study 3 found these ratings contributed very little variance to 

recognition accuracy.) If there was no difference between the autistic and non-autistic faces in 

perceived goodness/intensity for stimuli from the communicate condition, that would suggest the 

two groups were drawing on similar internal representations, and the communicate condition 

accurately captured those representations. I would then conduct Study 5 to confirm this 

hypothesis using an emotion recognition paradigm with the expressions from the standard and 

communicate conditions. 

Method 

Participants 

Participants were 148 non-autistic undergraduates at the University of Virginia, who 

participated for course credit. Data from 14 additional participants were collected, but their data 

are not reported here because they self-identified as autistic (2); because they failed to pass all 

attention checks described below (9); or because they completed the study in less than 10 

minutes (3). I did not conduct an a priori power analysis, and sample size was determined based 

on the number of participants available to the researcher via the undergraduate participant pool. 

Data were collected over three weeks from February to March 2022.  

 Participant demographics are reported in Table 6, but the sample resembled that of the 

previous studies. Participants were, on average, 19 years old (Mage = 19.26, SDage = 1.16, Range 

= 18-22 years old), mostly identified as female (76%), and were mostly White (62%).  
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Table 6.  

Study 4 Participant Demographics 

 Female Male 
Non-

Binary 

Decline to 

Identify 

N (%, N) 76% (113) 22% (33) 1% (1) 1% (1) 

Age (M, SD) 19.05 (0.96) 19.81 (1.40) 22.00 (NA) 22.00 (NA) 

Race (%, N)     

African American 8% (9) 9% (3) - - 

Asian American 19% (22) 24% (8) - - 

White 64% (72) 61% (20) - - 

Multiple Races 6% (7) 6% (2) 100% (1) - 

Decline to Answer 3% (3) - - 100% (1) 

Ethnicity     

Hispanic/Latinx 4% (4) 3% (1) 100% (1) - 

Non-Hispanic/Latinx 95% (107) 94% (31) - - 

Decline to Answer 2% (2) 3% (1) - 100% (1) 

 

 

Stimuli 

Stimuli included images of the same 12 autistic and 12 non-autistic posers included in 

Studies 1, 2, and 3. However, the previous studies involved stimuli from Brewer et al.’s (2016) 

standard condition only. In Study 4, I used stimuli created for both the standard condition and the 

communication condition. In the standard condition, posers were told to “pose each emotion to 
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the best of [your] ability using facial expressions” (Brewer et al., 2016, p. 264). There was no 

explicit communicative purpose of the expression. In the communicate condition, posers were 

told to pose each expression “in a way that would allow the experimenter to guess which 

emotion was being expressed” (Brewer et al., 2016, p. 265). I used 144 images from the standard 

condition of Brewer et al., but I used only 137 images from the communicate condition because 

images in this condition were missing from one autistic poser, and the anger image from one 

autistic poser was not available.   

Procedure 

 Participants completed the study on Qualtrics. Participants were randomly assigned to 

view the stimuli from either the standard (N = 74) or communicate (N = 74) conditions. Within 

each condition, faces were presented to participants in a randomized order. Faces were shown 

one at a time, in a random order.  

 As in Study 3, for each face, participants were told what emotion the expression was 

intended to convey (e.g., “This face is an expression of: Surprise”). They then responded to the 

two questions “How intense is this expression of [surprise]?”, “How good is this expression of 

[surprise]?” Questions were presented in that order for every trial, for every participant. 

Participants made their ratings on a 5-point Likert scale (Not at all, Slightly, Mildly, Moderately, 

and Very) by clicking a radio button. Participants could take as much time as they needed to 

make their ratings, and they could change any rating until they clicked a button to advance to the 

next trial. The face remained visible until they did so. 

As an attention check, six of the trials included an additional prompt asking participants 

to select a specific response option (e.g., “Click on ‘Not at all’”). Whether a prompt appeared 

before, in the middle, or after the other two ratings varied over the attention checks, as did which 



 62 
 

response option was prompted. As noted above, data from nine participants were excluded 

because they failed one or more of the six attention checks they encountered. Finally, data and 

code for this study can be found at https://osf.io/jwt8a.   

Results 

As in Study 3, I averaged “intensity” and “goodness” scores to create a composite 

goodness/intensity score. As Figure 10 shows, and replicating the results of Study 3, for faces in 

the standard condition, autistic posers were rated as producing better/more intense expressions, 

particularly for expressions of disgust, fear, and surprise. However, in the communicate 

condition, where posers were told to produce a face that could be guessed by the experimenter, 

there was no difference in how good/intense the autistic and non-autistic faces were judged to be.  
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Figure 10. Study 4 goodness/intensity composite ratings as a function of poser neurotype and 

emotion in the standard (top panel) and communicate (bottom panel) conditions. Error bars 

represent the 95% confidence interval. Asterisks indicate whether goodness/intensity ratings for 

autistic and non-autistic expressions differed. *** p < .001. 

 

A 2 (poser group: autistic vs. non-autistic) x 2 (stimulus condition: standard vs. 

communicate) x 6 (emotion category: anger, fear, disgust, happiness, sadness, and surprise) 

ANOVA on the data in Figure 10 revealed a significant three-way interaction between poser 

neurotype, stimulus condition, and emotion, F(5, 20601.9) = 10.51, p < .001.  

To follow up on this three-way interaction, I conducted separate analyses on poser 

neurotype and emotion separately for the standard and communicate conditions. For the standard 
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condition, there was a two-way interaction between poser neurotype and emotion, F(5, 

20601.87) = 30.94, p < .001: Expressions produced by autistic posers received higher 

goodness/intensity ratings than those produced by non-autistic posers when expressing disgust, 

fear, and surprise. Pairwise comparisons between autistic and non-autistic posers for anger, 

happiness, and sadness did not show differences between the two neurotypes in how 

good/intense they were (see Table 7). 

For the stimuli from the communicate condition, there was also a two-way interaction 

between poser neurotype and emotion, F(5, 20602.21) = 6.209, p < .001. However, in this case 

none of the pairwise comparisons between autistic and non-autistic posers for any of the 

emotions showed differences between the two neurotypes in how good/intense their expressions 

were (see Table 7).  
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Table 7.  

Study 4 Pairwise Comparisons Between Autistic and Non-Autistic Posers, Broken Down by Each 

Stimuli Condition and Emotion  

Stimuli 

Condition 
Emotion 

Autistic 

Poser 

Mean 

Non-Autistic 

Poser Mean 
df t-statistic p 

Effect 

Size 

Standard        

 Anger 3.07 3.01 23.6 0.23 .820 0.06 

 Disgust 3.95 3.32 23.6 2.49 .021 0.60 

 Fear 2.96 2.35 23.6 2.42 .024 0.59 

 Happiness 3.66 3.60 23.6 0.21 .834 0.05 

 Sadness 2.81 2.50 23.6 1.25 .224 0.30 

 Surprise 3.45 2.85 23.6 2.38 .026 0.58 

Communicate        

 Anger 3.32 2.99 23.8 1.29 .209 0.31 

 Disgust 3.86 3.53 23.7 1.29 .211 0.31 

 Fear 3.03 2.62 23.7 1.61 .121 0.39 

 Happiness 3.25 3.13 23.7 0.50 .621 0.12 

 Sadness 2.66 2.57 23.7 0.36 .721 0.09 

 Surprise 3.42 3.10 23.7 1.25 .222 0.30 

Note. Effect size reported is from the “eff_size” function in the “emmeans” package (Lenth, 

2022). It should be interpreted equivalently to Cohen’s D.   
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Discussion 

In the standard condition, autistic posers’ expressions were rated as better/more intense 

than non-autistic posers’ expressions, replicating the findings of Study 3. But in the newly added 

communicate condition—where posers had been instructed to make expressions that would 

allow the experimenter to guess the emotion—autistic and non-autistic posers’ expressions were 

rated similarly.  

It is not possible to know for certain why the non-autistic posers created better and more 

intense expressions in the communicate than standard condition. However, these results are 

consistent with my prediction that instructions emphasizing the communicative purpose of these 

expressions would lead both the autistic and non-autistic posers to produce expressions that were 

more accurate reflections of their internal representations for emotional expressions. 

Furthermore, these results suggest that the two groups have similar internal representations for 

emotional expressions. Given that there was no difference between the two neurotypes in 

goodness/intensity ratings in the communicate condition and given that goodness/intensity 

ratings contributed the most variance to recognition accuracy in Study 3, I predicted that there 

would be no difference in recognition accuracy between autistic and non-autistic faces produced 

in the communicate condition. Testing this hypothesis was the focus of Study 5.  
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Study 5- Are Expressions Produced by Autistic and Non-Autistic Posers Recognized 

Differently in the Standard versus Communicate Conditions? 

Study 5 had two goals. The first goal was to compare recognition accuracy for autistic 

and non-autistic expressions produced in the standard and communicate conditions of Brewer et 

al. (2016). I hypothesized that autistic expressions from the standard condition would be 

recognized more accurately than the non-autistic expressions, replicating the findings of Studies 

1 and 2. But I expected that there would be no difference in recognition accuracy between 

autistic and non-autistic expressions from the communicate condition because Study 4 showed 

that the non-autistic expressions were considered as good/intense as the autistic expressions. The 

second goal of Study 5 was to investigate how well the goodness and intensity ratings could 

predict recognition accuracy in the standard and communicate conditions. 

Method 

Participants 

Prior to data collection, I conducted an a-priori power analysis using the “simr” package 

in R (Green & MacLeod, 2016). This power analysis indicated that to be sufficiently powered 

(i.e., 80% power with an alpha level of .05) to detect a significant three-way interaction between 

poser neurotype, emotion, and stimulus condition would require 320 participants (160 per 

group).  

Participants were 344 non-autistic undergraduates at the University of Virginia, who 

participated for course credit. Data from 42 additional participants were collected, but their data 

are not reported here because they did not complete the study (18); because they self-identified 

as autistic (23); or because their overall emotion recognition accuracy score was exactly 0.167 

(one sixth), suggesting they selected only one response option for every trial (1). Data were 
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collected over two weeks in September 2022. Of the 344 participants in the final sample, 168 

were randomly assigned to see stimuli from the communicate condition, and 176 to see stimuli 

from the standard condition. 

 Participant demographics are reported in Table 8, but the sample resembled those of the 

previous studies. Participants were, on average, 18 years old (Mage = 18.82, SDage = 1.25, Range 

= 18-29 years old), mostly identified as female (79%), and were mostly White (62%).  
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Table 8.  

Study 5 Participant Demographics  

 Female Male Non-Binary 
Decline to 

Identify 

N (%, N) 79% (270) 20% (69) 1% (3) 1% (2) 

Age (M, SD) 18.70 (1.11) 19.28 (1.63) 18.67 (1.53) 20.00 (1.41) 

Race (%, N)     

African American 7% (18) 4% (3) - - 

Asian American 21% (57) 26% (18) - - 

Native American/ 

Alaskan Native 
0.4% (1) - - - 

White 62% (168) 61% (42) 33% (1) 100% (2) 

Other 2% (5) 1% (1) 33% (1) - 

Multiple Races 7% (19) 6% (4) 33% (1) - 

Decline to Answer 1% (2) 1% (1) - - 

Ethnicity     

Hispanic/Latinx 8% (22) 4% (3) 33% (1) - 

Non-Hispanic/Latinx 85% (229) 88% (61) 67% (2) 100% (2) 

Unknown 3% (8) 4% (3) - - 

Decline to Answer 4% (11) 3% (2) - - 
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Stimuli 

 Stimuli were the same as those used in Study 4. 

Procedure 

 The procedure was generally the same as that used in Studies 1 and 2. Participants 

completed the study online via Qualtrics. For each expression they saw, they indicated which of 

the six emotions it showed; the face remained visible until they made a selection.12 Participants 

were randomly assigned to see the expressions created in the standard or communicate 

conditions of Brewer et al. (2016).  

Broad Autism Phenotype Questionnaire (BAP-Q; Hurley et al., 2007) 

 After completing the emotion recognition paradigm, participants completed the BAP-Q. 

Recall that the BAP-Q is a 36-item questionnaire that assesses participants’ self-reported level of 

autistic traits. Internal consistency for the BAP-Q in Study 5 was high (Cronbach’s a = 0.89, 

95% CI [0.87, 0.90]).  

Data Availability 

 This study was pre-registered at https://osf.io/4298u. Data and code for this study can be 

found at https://osf.io/jwt8a.   

Results 

Emotion Recognition 

Emotion Recognition Accuracy 

As expected and as Figure 11 shows, autistic expressions in the standard condition were 

recognized more accurately than non-autistic expressions, replicating Studies 1 and 2. However, 

 
12 I did not limit participants’ exposure to the stimuli as I wished to replicate the methodology used in Study 1, and 
because Study 2 found that the patterns in recognition accuracy for autistic and non-autistic posers in the different 
emotions was not affected by stimulus duration. 
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contrary to expectations, autistic expressions in the communicate condition were recognized 

more accurately than non-autistic expressions.  

 

Figure 11. Study 5 average recognition accuracy as a function of poser neurotype and emotion in 

the standard (top panel) and communicate (bottom panel) conditions. In both panels, error bars 

represent the 95% confidence interval. Asterisks indicate whether recognition accuracy for 

autistic and non-autistic posers differed from each other. *p < .05, *** p < .001. 

   

A 2 (poser neurotype) x 6 (emotion) x 2 (stimulus condition) ANCOVA—with BAP-Q as 

a covariate—on the data shown in Figure 11 revealed significant main effects of poser 

neurotype, F(5, 3762) = 295.84, p < .001, emotion, F(5, 3762) = 1308.62, p < .001, and 

condition, F(1, 341) = 104.71, p < .001. The two-way interactions between poser neurotype and 
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emotion, F(5, 3762) = 13.40, p < .001, and emotion and condition, F(5, 3762) = 36.40, p < .001, 

were significant, but the two-way interaction between poser neurotype and condition, F(1, 3762) 

= 0.32, p = .574, was not. However, there was also a significant three-way interaction between 

poser neurotype, emotion, and condition, F(5, 3762) = 4.28, p < .001. Finally, the effect of the 

covariate (BAP-Q) in this analysis was not statistically significant, F(1, 341) = 1.41, p = .237, 

suggesting the patterns of emotion recognition accuracy were not affected by participants’ self-

identified level of autistic traits.  

 I had expected a significant three-way interaction between poser neurotype, emotion, and 

condition, but that the underlying two-way interaction between poser neurotype and emotion 

would be significant only in the standard condition. As expected, the two-way interaction 

between poser neurotype and emotion was significant in the standard condition, F(5, 3762) = 

9.23, p < .001. Further analyses on this interaction revealed that the autistic expressions were 

recognized more accurately than the non-autistic expressions in all emotions except for 

happiness (see Table 9 for full inferential statistics).  

Contrary to my expectations, the two-way interaction between poser neurotype and 

emotion was also significant in the communicate condition, F(5, 3762) = 8.48, p < .001. Here, 

autistic expressions were recognized more accurately than the non-autistic expressions for all 

emotions except for sadness (see Table 9 for full inferential statistics). Together, these results 

suggest that emotional expressions produced by the autistic posers were recognized more 

accurately than emotional expressions produced by the non-autistic posers, and this was true 

regardless of whether posers were instructed to make expressions that would be recognizable to 

someone else (the communicate condition) or not (the standard condition).  
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Table 9.  

Study 5 Pairwise Comparisons for Emotion Recognition Accuracy Scores Between Autistic and 

Non-Autistic Posers, Broken Down by Each Stimulus Condition and Emotion  

Stimuli 

Condition 
Emotion 

Autistic 

Poser 

Mean (SD) 

Non-Autistic 

Poser Mean 

(SD) 

t(3762) p Effect Size 

Standard       

 Anger .50 (.17) .43 (.16) 5.24 < .001 0.56 

 Disgust .67 (.16)  .60 (.15) 4.76 < .001 0.51 

 Fear .30 (.16) .21 (.13) 6.22 < .001 0.66 

 Happiness .90 (.10) .90 (.07) -0.25 .800 -0.03 

 Sadness .59 (.14) .53 (.15) 4.16 < .001 0.44 

 Surprise .60 (.14) .47 (.15) 9.04 < .001 0.96 

Communicate       

 Anger .57 (.17) .51 (.14) 4.35 < .001 0.47 

 Disgust .79 (.14) .66 (.14) 8.32 < .001 0.91 

 Fear .35 (.18) .29 (.13) 3.94 < .001 0.43 

 Happiness .86 (.11) .80 (.11) 3.76 < .001 0.41 

 Sadness .65 (.15) .63 (.15)  1.27 .205 0.14 

 Surprise .72 (.15) .58 (.16) 8.79 < .001 0.96 

Note. Effect size reported is from the “eff_size” function in the “emmeans” package (Lenth, 

2022). It should be interpreted equivalently to Cohen’s D. 
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Wagner’s UHR 
 For Wagner’s UHR I also conducted a 2 x 6 x 2 ANCOVA with level of autistic traits as 

a covariate, and poser neurotype, emotion, and condition as independent variables. These 

analyses revealed a similar pattern to the emotion recognition accuracy analyses. The effect of 

the covariate (BAP-Q) was not significant, F(1, 340.6) = 1.25, p = .265. The three main effects 

were all significant: poser neurotype, F(1, 3751.7) = 812.12, p < .001; emotion, F(5, 3751.7) = 

2526.92, p < .001; condition, F(1, 340.9) = 99.28, p < .001. All three of the two-way interactions 

were also significant: poser neurotype by emotion, F(5, 3751.3) = 26.86, p < .001; poser 

neurotype by condition, F(1, 3751.3) = 4.70, p = .030; emotion by condition, F(5, 3751.7) = 

96.02, p < .001. Finally, the three-way interaction between poser neurotype, emotion, and 

condition was also significant, F(5, 3751.3) = 4.59, p < .001. In following up on the three-way 

interaction, I investigated the effects of poser neurotype and emotion at each level of posing 

condition. The full inferential statistics for these analyses can be found in Appendix D, but to 

summarize: the pattern of results was very similar to that reported for emotion recognition 

accuracy. Expressions produced by autistic posers were recognized significantly more accurately 

for all emotions in both conditions.  

Importance Analyses 

 Next, to investigate which variables are most important for recognition accuracy, I fit a 

linear model with the proportion of times each expression (from both the standard and 

communicate conditions) was correctly identified, predicted by poser neurotype, emotion, 

condition, and goodness/intensity score (from Study 4). The omnibus test for this model was 

significant F(8, 272) = 103.60, p < .001, R2adjusted = .75. In this model, there were several 

significant predictors, including average goodness/intensity rating, stimulus condition, and 

several of the emotion categories (as in Study 3, a separate estimate was calculated for each 
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emotion category). Importantly, however, once these other factors were accounted for, the effect 

of poser neurotype was no longer significant (see Table 10 for full inferential statistics). This 

suggests that the effect of poser neurotype on recognition accuracy was driven by one or more of 

these factors.  

 

Table 10.  

Study 5 Estimated Coefficients from Linear Model Predicting Recognition Accuracy with One 

Composite Rating Variable.  

 𝛽 t(272) p 

Intercept -0.24 -5.18 < .001 

Emotion- Disgust 0.04 1.10 .271 

Emotion- Fear -0.13 -4.06 < .001 

Emotion-Happiness 0.28 8.67 < .001 

Emotion-Sadness 0.21 6.31 < .001 

Emotion-Surprise 0.06 1.88 .061 

Neurotype- Non-Autistic 0.02 0.97 .331 

Goodness/Intensity Rating 0.24 21.22 < .001 

Condition -0.05 -2.41 .017 

Note. The intercept term in this model represents the estimate for autistic expressions of anger in 

the standard condition (the reference levels for each of the categorical variables) with a 

goodness/intensity score of 0. Coefficients for the levels of the categorical variables should be 

interpreted as the difference in recognition accuracy from that level of the variable to the 

reference level.  
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Next, as in Study 3, to investigate how much each factor contributed to recognition 

accuracy, and whether any effect superseded the effect of poser neurotype, I conducted an 

importance analysis. The results of this analysis revealed that goodness/intensity rating 

contributed the most to recognition accuracy (48%; 95% CI [41%, 55%]), followed by emotion 

depicted (26%; 95% CI [21%, 33%]). The amount of variance in recognition accuracy explained 

by both goodness/intensity and emotion depicted were significantly greater than the amount 

explained by poser neurotype (1%; 95% CI [0%, 3%]) and the stimulus condition (1%; 95% CI 

[0%, 3%]), which did not differ from each other13. Thus, after accounting for the 

goodness/intensity of a given expression, poser neurotype was not a significant predictor of 

recognition accuracy in the linear model reported above, and it contributes much less variance in 

recognition accuracy than goodness/intensity rating. Together, these findings are similar to those 

of Study 3 in that perceived goodness/intensity of an expression seems to contribute more 

variance to emotion recognition accuracy than a poser’s being autistic or not.  

Discussion 

 Contrary to my expectations, autistic expressions were recognized more accurately than 

non-autistic expressions in both the standard and communicate conditions of Study 5. Further, 

the perceived goodness/intensity of an expression (obtained in Study 4) explained the most 

variance in recognition accuracy in the standard as well as the communicate conditions even 

though I found in Study 4 that there was no difference in perceived goodness/intensity between 

the autistic and non-autistic expressions in the communicate condition. This pattern of findings is 

perplexing.  

 
13 See Table D4 in Appendix D for full bootstrapped confidence intervals and comparisons.  
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Recall that I earlier suggested that because of the ambiguous nature of the instructions in 

the “standard condition” of Brewer et al. (2016), the autistic and non-autistic posers may have 

drawn on different types of information when creating the expressions used in Studies 1-3. When 

told to “pose each emotion to the best of [your] ability using facial expressions” (Brewer et al., 

2016, p. 264), I suggested that non-autistic posers may have relied more on their memories of 

those emotions than autistic posers, whereas autistic posers (who have higher levels of 

alexithymia) may have relied more on their internal representations of those emotions. I had 

proposed that if the instructions given to the posers were more explicitly about communicating 

the emotion to another person (posers were told to make each expression “in a way that would 

allow the experimenter to guess which emotion was being expressed”; Brewer et al., 2016, p. 

265), then both the non-autistic and autistic posers would draw on their internal representations, 

and expressions from the two neurotypes would be equally good/intense (as Study 4 found) and 

equally well recognized (which Study 5 failed to find). 

 Perhaps I was incorrect to assume that the non-autistic posers would draw on their 

internal representations more heavily in the communicate condition. Or, perhaps the emphasized 

communicative context in the instructions for the communicate condition were not a strong 

enough manipulation to elicit such an effect. With the present data it is not possible to determine 

which of these possibilities is true. Future research could investigate whether task demands make 

it more likely for autistic and non-autistic people to rely solely on their internal representations 

when making an expression in ways similar to those reported in Robinson and Clore (2002) and 

described in the introduction to Study 4.  

Still, the results from Study 5 are useful for answering my primary question—that is, 

whether differences in internal representations contribute to why non-autistic people sometimes 
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have difficulty understanding the emotions experienced by autistic people. Given that non-

autistic participants have consistently recognized autistic expressions better than non-autistic 

expressions, differences in internal representations seem unlikely to play a role in these 

misunderstandings.  
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General Discussion 

Motivation, Methods, and Findings 

These studies were motivated by a common, troubling experience many autistic people 

have described—namely, having their emotions misunderstood by non-autistic people in 

everyday interactions (e.g., @Autisong, 2021; Camm- Crosbie et al., 2019; Crompton, Hallett, et 

al., 2020; Robison, 2011; Robledo et al. 2012). Autistic people report that these 

misunderstandings about emotion have significant negative impacts on their well-being (e.g., 

Camm-Crosbie et al., 2019).  

 One reason non-autistic people might misunderstand autistic people’s emotions could be 

because the two groups have different internal representations of emotion, particularly for the 

facial expression of emotion. Internal representations for the facial expression of emotion guide 

the production of emotional expressions (e.g., Clore & Ortony, 1991; Jack & Schyns, 2015; 

Ortony et al., 1988), as well as the interpretation of them (e.g., Binetti et al., 2022; Bird & 

Viding, 2014; Goldman & Sripada, 2005; Jack & Schyns, 2015). Cross-cultural 

misunderstandings about emotion have been traced, in part, to differences in internal 

representations for emotional expressions (e.g., Jack, Caldara et al., 2012; Jack, Garrod, et al., 

2012). Thus, there was reason to believe that autistic and non-autistic people, who make up 

distinct cultural groups of their own (e.g., Botha & Frost, 2020; Leadbitter et al., 2021), might 

also have different internal representations for emotional expressions. 

I showed non-autistic participants photos of autistic and non-autistic adults posing in six 

different emotional expressions and asked participants to identify the depicted emotion. My logic 

was that non-autistic participants’ recognition accuracy would be highest for faces that most 

closely matched their internal representations for emotional expressions. I was motivated by the 
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work of both Brewer et al. (2016), whose stimuli are used in this dissertation, and Faso et al. 

(2015), who used a similar approach. Brewer et al. (2016) reported that autistic people’s posed 

expressions were recognized less accurately than non-autistic people’s, but their findings were 

based on a very small sample size and seemed to be driven by the better recognition of happiness 

on non-autistic compared to autistic faces. Faso et al. (2015) reported the opposite pattern: 

autistic expressions were recognized more accurately than non-autistic expressions, but their 

findings were also based on a small sample size and seemed to be driven by the better 

recognition of anger on autistic compared to non-autistic faces.  

The studies reported here used much larger, well-powered samples to address how well 

non-autistic participants could recognize autistic vs. non-autistic facial emotional expressions. 

Study 1 showed, unexpectedly, that autistic expressions of anger, disgust, fear, sadness, and 

surprise were recognized more accurately than the non-autistic expressions (happiness was the 

only emotion recognized equally well). I replicated this general pattern of results in Study 2. In 

Study 3, I tried to identify what attributes of autistic expressions led to their being recognized 

more accurately than non-autistic expressions. I found that non-autistic participants perceived the 

autistic faces to generally be better and more intense examples of the emotions they were 

intended to convey (especially for disgust, fear, and surprise), compared to the non-autistic 

expressions. Furthermore, it was these attributes in particular that explained the most variance 

(of the measured factors) in how well an expression was recognized.  

 In Studies 4 and 5, I considered the possibility that the instructions given to the posers 

influenced the expressions they made. Brewer et al. (2016) created stimuli of the autistic and 

non-autistic posers both when they were told nothing about who the expressions were intended 

for (the standard condition) and when they were told that others would guess what emotion they 
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were feeling from their expressions (the communicate condition). I hypothesized that the 

instructions in the communicate condition might lead the non-autistic posers to rely more on 

their internal representations than in the standard condition, where memories of past emotional 

experiences may have been more salient to them. In Study 4, autistic and non-autistic posers’ 

expressions were rated as similar in goodness/intensity in the communicate condition (and I 

replicated the differences in goodness/intensity from the standard condition found in Study 3).  

But in Study 5, autistic expressions were still more accurately recognized than non-autistic 

expressions in both the standard and communicate conditions.  

Although findings from Study 5 are puzzling, as a group, the five studies reported here 

provide an answer to the question I set out to address—namely, whether differences in internal 

representations of facial emotional expressions contribute to why non-autistic people sometimes 

have difficulty understanding what autistic people are feeling. The answer is no. Over five 

studies with over 1,100 non-autistic participants, I consistently found that autistic facial 

emotional expressions were recognized more accurately than non-autistic facial emotional 

expressions. The opposite pattern of results might have been consistent with the hypothesis that 

non-autistic and autistic people have different internal representations of emotional expressions 

that lead to cross-neurotype misunderstandings. But given that I consistently found an advantage 

in recognition accuracy for autistic over non-autistic expressions, it seems unlikely that 

differences in internal representations for emotional expressions contribute to non-autistic people 

misunderstanding autistic people’s emotions.  

In the sections that follow, I consider why the autistic posers’ expressions were 

repeatedly recognized more accurately than the non-autistic posers’ expressions. Next, I consider 

factors other than differences in internal representations that may contribute to why non-autistic 
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people sometimes misunderstand the emotions autistic people experience. Finally, I close by 

discussing the limitations of this work. 

Why Were Autistic Expressions Recognized More Accurately? 

One reason why non-autistic participants recognized autistic posers’ expressions better 

than non-autistic posers’ expressions could be because the non-autistic participants’ internal 

representations aligned more with the autistic posers’ than the non-autistic posers’. In the 

Introduction, I raised the possibility that non-autistic participants could recognize autistic 

expressions more accurately, but noted that when I began this work, I did not consider it likely. 

In Study 3, after repeatedly finding that autistic expressions were better recognized than non-

autistic expressions, I considered this possibility again, but argued that it still seemed unlikely 

that non-autistic participants’ internal representations would overlap more with the internal 

representations of autistic compared to non-autistic posers. After all, the two neurotypes could be 

considered different cultural groups (e.g., Botha & Frost, 2020; Leadbitter et al., 2021), and it 

seems unlikely that non-autistic participants’ internal representations would be more similar to 

those of autistic compared to non-autistic posers. In what follows, I offer two alternative 

possibilities: display rules and adaptation. 

Part of emotion socialization includes learning “display rules:” norms about when it is 

and is not appropriate to demonstrate different emotions (Gnepp & Hess, 1986; Malatesta & 

Haviland, 1982; Saarni, 1979). Different cultures often have different display rules (e.g., 

Matsumoto, 1990; Matsumoto, 1993; Matsumoto et al., 2008; Safdar et al., 2009). For example, 

Japanese people show anger and fear to outgroup members more than Americans, while 

Americans show disgust and sadness to ingroup members more than Japanese people 

(Matsumoto, 1990). Despite these differences, however, there are also some cultural constants in 
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display rules, the most notable of which may be that people are sensitive to how close of a 

relationship they have with the person they are expressing emotion to. Across the globe, people 

tend to show more emotion to family and friends than to strangers (Matsumoto et al., 2008; 

Zeman & Garber, 1996).  

There is good reason to think that the autistic and non-autistic posers photographed by 

Brewer et al. (2016) may have been differently affected by the presence of the experimenters 

when posing their emotional expressions. There is some reason to believe that both groups of 

posers may have understood the display rule that one typically shows less emotion in front of 

strangers, but the autistic posers may not have been as likely to use that rule. For example, in one 

study (Begeer et al., 2011), when asked what look they would have on their face in a situation 

where a classmate accidentally ruined a drawing, both autistic and non-autistic children indicated 

that they would be expected to hide their displeasure about the ruined picture. However, when 

asked whether they would hide their displeasure, the autistic children reported that they would be 

less likely to do so than the non-autistic children.   

We cannot know whether differential implementation of display rules may have affected 

the expressions autistic and non-autistic posers in Brewer et al. (2016) made. Indeed, one might 

expect that if the non-autistic posers were inhibited by the presence of the experimenter, they 

might make lower quality or less intense emotional expressions than the autistic posers. This was 

true of the non-autistic expressions in the standard condition of Study 3 and Study 4, but autistic 

and non-autistic expressions did not differ in goodness/intensity in the communicate condition of 

Study 4. Furthermore, the results of Study 5 suggest that there is not a straight-forward 

relationship between how good/intense an expression is and how well it is recognized. Still, it 

would be interesting to investigate whether differences in the implementation of display rules 
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played a role in how the two groups of posers produced emotional expressions, and in how those 

expressions were recognized. 

Another possibility for why autistic expressions were recognized more accurately than 

non-autistic expressions in the studies reported here could be because the lived experiences of 

the autistic posers led them to have more practice making recognizable emotional expressions 

than the non-autistic posers. As mentioned in Study 3, many autistic people receive behavioral 

interventions when they are children. One study found that, in the US, nearly 64% of autistic 

children received some form of behavioral intervention (Xu et al., 2019). Often, a component of 

these interventions is social skills training, which often includes practicing and rehearsing facial 

emotional expressions (e.g., Gordon et al., 2014; Grossard et al., 2017, 2018; Hassan et al., 

2021). These expressions typically are not naturally elicited, but rather posed, stereotyped 

expressions which are rewarded by the behavioral interventionist when they appear “correct.” 

Here, “correct” expressions are likely to mean those that include all of the components non-

autistic people expect an expression of a given emotion to include (e.g., they might expect an 

expression of happiness to feature an open, toothy smile with crinkled corners of the eyes).  

Similarly, many autistic people report engaging in camouflaging behaviors: behaviors 

intended to “hide” the fact that they are autistic by behaving in non-autistic ways (Dell’Osso et 

al., 2021; Hull et al., 2017). Often, autistic people report engaging in these behaviors because of 

the stigma they perceive when they do not try to hide their autistic-like behaviors (Hull et al., 

2017; Pearson & Rose, 2021; Perry et al., 2022). This means that camouflaging behaviors are 

aimed at making the autistic person outwardly appear as a non-autistic person. Autistic people 

report sometimes rehearsing facial expressions so that they will look the way non-autistic people 

expect them to look (e.g., Bargiela et al., 2016; Hull et al., 2017). If the autistic posers in Brewer 
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et al.’s (2016) stimulus set had engaged in camouflaging behaviors as a response to autism-

related stigma, that could mean they might have practiced making emotional expressions that 

were easily recognizable to non-autistic people, whereas the non-autistic posers likely had not 

done this.  

As with the differences in the use of display rules, there is no way of knowing whether 

the autistic posers in Brewer et al.’s (2016) study received behavior interventions that required 

the practice of facial expressions, or if they engaged in camouflaging behaviors like practicing 

facial expressions. Likewise, there is no way of knowing whether these sorts of practice have an 

effect on the perceived quality or intensity of facial expressions. Nevertheless, one reason the 

autistic expressions may have been recognized more accurately could be because the autistic 

posers had much more experience in making recognizable expressions compared to the non-

autistic posers.  

Why Are Autistic People Misunderstood? 

 Studies 1-5 demonstrated that non-autistic people could accurately recognize the 

emotions in facial expressions produced by a sample of autistic adults—and in fact, they 

recognized them better than the expressions of non-autistic adults. Internal representations for 

emotional expressions are used in the production and interpretation for emotional expressions 

(e.g., Bird & Viding, 2014; Goldman & Sripada, 2005; Gola et al., 2017; Jack & Schyns, 2017). 

Given this, these results suggest that non-autistic people do not misunderstand autistic people’s 

emotions because differences in internal representations for emotional expressions lead non-

autistic people to mis-recognized autistic people’s emotional expressions. So, what other 

explanations exist for why non-autistic people sometimes misunderstand autistic people’s 
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emotions? Below, I outline two possibilities: motor control or proprioceptive challenges and 

differences in what emotions are evoked in real-world situations.   

Motor Control and Proprioceptive Feedback Difficulties  

 One possibility is that autistic people have internal representations for emotional 

expressions that are similar to those of non-autistic people, but in real-world situations, motor 

control and/or proprioceptive challenges prevent them from enacting those internal 

representations. Many autistic people have co-occurring difficulties with motor control (e.g., 

Bäckström et al., 2021; Gowen & Hamilton, 2013; Hughes, 1996; MacNeil & Mostofsky, 2012; 

Robledo et al., 2012; Schmitz et al., 2003). In particular, autistic people are more likely to 

experience these difficulties with fine motor movements (which involve muscles like those in the 

fingers or face) than are non-autistic people (e.g., Ming et al., 2007; Provost et al., 2007). This 

can mean that the bodies of autistic people do not always execute the motor actions that the 

person desires to complete, or those actions are not executed in the way they expected. For 

example, in one study that surveyed blogs written by autistic people, one blogger described that 

despite their intent to set a plate for every person at the dinner table, they ended up stacking 

plates and cups on separate ends of the table (Welch et al., 2021, p. 3162). They explained that 

they felt that their body engaged in behavior that they did not intend. Of course, setting a table is 

not the same as expressing an emotion with one’s face. But if the same sort of motor control 

difficulties are experienced by autistic people when forming facial expressions in real life, it is 

possible that they might make an expression that they did not intend to make.  

Autistic people also experience difficulties with proprioceptive feedback–the signals 

from the body that create a feedback loop which lets us know whether we are completing an 

action in the intended manner (e.g., Blanche et al., 2012; Morris et al., 2015). If autistic people 
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intend to make an expression of a certain emotion, but difficulties with motor control mean their 

face does not take the intended expression, and difficulties with proprioceptive feedback mean 

the autistic person is not aware their face looks differently than they intended, non-autistic 

people may misunderstand those expressions.  

 Indeed, recent evidence suggests that giving autistic people the opportunity to view their 

facial expressions as they produce them (thereby reducing the effects of difficulties with 

proprioceptive feedback) can have an effect on how accurately their expressions are recognized 

(Lampi et al., under review). Autistic and non-autistic posers from Brewer et al. (2016) also 

made expressions in a “mirror” condition in which they could view their expressions as they 

made them. As a result, they would not have to rely on proprioceptive feedback to know whether 

they had produced the expression they intended (and which presumably matched their internal 

representation of that expression). In this case, non-autistic participants did not consistently 

recognize autistic expressions better or worse than non-autistic expressions.14 These results 

suggest that even when making posed emotional expressions, difficulty controlling the 

appearance of one’s face, combined with the proprioceptive feedback regarding one’s 

appearance, can affect how autistic people form their expressions. When these difficulties affect 

the production of emotional expressions in interactions with non-autistic people, 

misunderstandings may arise.  

Unexpected Emotions 

A second reason why non-autistic people may sometimes misunderstand autistic people’s 

emotional experiences may not have to do directly with misunderstanding what an autistic 

 
14 Autistic expressions of disgust were recognized more accurately than non-autistic expressions, and non-autistic 
expressions of fear were recognized more accurately than autistic expressions. There was no difference between 
autistic and non-autistic expressions for the other four emotions.  
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person is feeling on the basis of their emotional expressions. Instead, non-autistic people may 

misunderstand an autistic person’s experience of a certain emotion because autistic people 

sometimes experience different emotions than non-autistic people expect in response to the same 

event. Indeed, autistic adults describe non-autistic people’s confusion when they (the autistic 

person) experience an emotion the non-autistic person does not feel is appropriate given the 

situation. For example, one autistic woman on social media described how she will chuckle or 

laugh in response to being yelled at or scolded, often to the bewilderment of her non-autistic 

interlocutors (@joswisdom). Another autistic man described that sometimes he feels emotions 

that are much stronger than non-autistic people expect him to feel given the events he had just 

encountered (The Aspie World, 2021). In one example, he described feeling much more upset 

about not having been able to go for a run one day than his non-autistic partner expected him to 

feel. Similarly, one autistic respondent in Robledo et al. (2012) reported feeling much greater 

amounts of anger than they perceived their non-autistic peers to experience.  

 In these examples, non-autistic people likely are not mistaking their autistic peers’ facial 

expressions as signals of some other emotion. Instead, they are likely misunderstanding the 

autistic person’s broader emotional experience, including why they are feeling a certain way and 

what caused them to experience that emotion. Situations such as this could still contribute to 

autistic people’s feeling misunderstood by non-autistic people, even if non-autistic people can 

identify the specific emotional expression an autistic person is conveying. To place 

misunderstandings of this sort in the context of internal representations, rather than having 

different internal representations for the appearance of emotional expressions, autistic and non-

autistic people might have different representations for what contexts are likely to elicit certain 

emotions.  
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This mismatch in expectations for the emotions elicited in certain contexts could explain, 

for instance, the findings of Sheppard et al. (2016), described in the Introduction. Recall that in 

that study, autistic and non-autistic participants were recorded while being exposed to one of 

several novel experiences. Non-autistic participants then later had more difficulty inferring what 

experience the autistic people had just encountered than the non-autistic people. One reason for 

this could be that the autistic people had different emotional reactions to those experiences than 

the non-autistic participants had expected, thus leading to the lower accuracy. One way to 

investigate whether autistic and non-autistic people have different expectations for the emotions 

that are associated with certain contexts is to present autistic and non-autistic people with 

different emotion-eliciting scenarios and ask them what emotion they would experience. If the 

two groups offer different responses, that would suggest that one reason autistic people feel 

misunderstood by non-autistic people is because the two groups sometimes experience different 

emotions in the same context.  

Autistic people expressing emotion differently than they intend or experiencing emotions 

that non-autistic people do not expect are just two examples of the ways in which non-autistic 

people misunderstand autistic people’s emotions in real interactions. I raise these possibilities, 

though, to illustrate the point that as the field progresses, future work must explore the many 

ways in which the dynamic, spontaneous expression of emotion can give rise to non-autistic 

peoples’ misunderstanding of autistic people’s emotions.  

Limitations 

 There are at least four limitations of the studies reported here. First, I did not investigate 

responses of autistic participants to the non-autistic and autistic facial emotional expressions. As 

noted above, my primary interest was in whether differences in internal representations for 
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emotional expressions could explain why non-autistic people misunderstand autistic people’s 

emotions, and so using non-autistic participants to address this question was appropriate. Still, 

including a sample of autistic participants would have helped further our understanding of the bi-

directional nature of cross-neurotype misunderstandings about emotion.  

A second limitation of this work is that the studies conducted here used stimulus sets 

consisting of 12 autistic and 12 non-autistic people, raising questions about how generalizable 

the findings are. Of course, this is a limitation of any work that uses a sample of stimuli. But I 

would argue that stimuli from these 24 posers allowed me to answer the question I set out to 

address: Are differences in internal representations of emotion between autistic and non-autistic 

people a viable explanation for non-autistic people’s misunderstanding autistic people’s 

emotions? I have found that the emotional expressions produced by a sample of autistic adults 

(which I presume to reflect their internal representations) were consistently well recognized by 

several large samples of non-autistic adults. This means that differences in internal 

representations for the end-state of facial emotional expressions cannot explain why non-autistic 

people have difficulty understanding what autistic people are feeling.  

A third limitation of this work is that the studies reported here used posed emotional 

expressions as stimuli. I used posed emotional expressions because they are good proxies for 

internal representations for emotional expressions (e.g., Binetti et al., 2022; Jack & Schyns, 

2015) and because both Brewer et al. (2016) and Faso et al. (2015) used posed emotional 

expressions to investigate autistic and non-autistic people’s internal representations. But there are 

also a number of drawbacks to posed facial emotional expressions. For example, posed 

emotional expressions are not a perfect analog for how emotions look in real-life interactions. 

Posed expressions are often stereotypical or caricatured, while spontaneous emotional 
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expressions are more nuanced, meaning expressions of the same emotion may have different 

features depending on the context in which they are expressed (e.g., Mau et al., 2021). This could 

be one reason why people have more difficulty accurately recognizing spontaneous expressions 

compared to posed expressions (Krumhuber et al., 2019). As a result, the expressions used in 

these studies would not always reflect how the posers might express emotion naturally. 

Relatedly, the interpretation of posed emotional expressions can be highly context-

dependent (e.g., Aviezer et al., 2007; Barrett et al., 2007; Barrett et al., 2011; Barrett, 2022). In 

one study, for example, Carroll and Russell (1996) presented participants with posed expressions 

of emotion—such as sadness—but told them an accompanying story that suggested the 

expression might show a different emotional state—like disgust. Participants tended to indicate 

the face showed the emotion implied by the story rather than the one the face was supposed to 

convey when the poser initially made the expression. In my studies, participants were not 

exposed to any accompanying context—congruent or incongruent—with the expressions they 

recognized or rated. Nevertheless, other contextual factors, such as their own emotional states or 

the emotions expressed in their most recent interactions (e.g., Robinson & Clore, 2002), may 

have influenced their performance on these tasks.  

A fourth limitation of this work is that how participants interpreted the posed expressions 

may have been influenced by the particular emotion terms they could choose from. By forcing 

participants to choose from one of six different emotion categories, I may have artificially 

created agreement among participants (Barrett, 2022). For example, if they had been given the 

opportunity to offer a free response, participants might have used different terms to describe the 

same expression. One participant may have perceived an expression as showing “frustration,” 

while another might describe it as showing “irritation.” In an open response format, these would 
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receive two different emotion labels, but when forced to choose from one of six emotions, both 

participants might select “anger.” In this way, using posed emotional expressions with forced 

choice responding might gloss over some of the nuance with which participants would otherwise 

perceive these faces.   

Despite these limitations, posed emotional expressions were the best way for me to 

address whether differences in internal representations contributed to why non-autistic people 

sometimes misunderstand how autistic people are feeling. We cannot presume that these posed 

emotional expressions always look like real-life expressions, but they do provide insight into a 

given person’s expectations for how emotional states tend to look. Similarly, while context 

would certainly affect the interpretation of emotional expressions in the real world, my goal was 

to investigate internal representations for emotional expressions without context. Finally, while 

limiting participants’ responses to one of six emotion labels may have inhibited richer 

interpretation of the facial expressions, it allowed me to investigate how observers perceived the 

faces using the same categories the posers used when creating the expressions. In these ways, the 

posed stimuli I used here were appropriate for my goal of investigating autistic and non-autistic 

people’s internal representations. 

Conclusions 

This dissertation was motivated by experiences like those of one 40-year-old autistic 

woman, who said “I mean, my entire life I’ve been ‘weird.’ And I’ve never been someone who 

kind of fitted in. Because, I have always been that, you know, square peg in the round hole.” 

(Botha et al., 2022; p. 436). Feelings like these—where one senses that they don’t belong, or that 

they must change who they are in order to fit in—are an unfortunate reality for many autistic 

people. I believe that should change. To that end, the work included in this dissertation 
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investigated one phenomenon that likely contributes to autistic people’s feeling “weird:” having 

their emotions misunderstood by non-autistic people. More specifically, I asked whether 

differences in internal representations of emotional expressions lead non-autistic people to 

misunderstand autistic people’s emotions.  

My hope is that from this work, the reader will leave with two conclusions. The first is 

that over the five studies included in this dissertation, I have found that differences in internal 

representations do not explain why non-autistic people misunderstand autistic people’s emotions. 

Of course, while it is encouraging to know that this is not a reason for autistic people’s feeling 

like they don’t belong, it means we still do not yet know what about their interactions with non-

autistic people lead them to feel misunderstood. Therefore, the second conclusion I hope to leave 

with the reader is that this work, motivated and informed by the lived experiences of autistic 

people, must continue. By first characterizing how autistic people feel misunderstood by non-

autistic people, and when these misunderstanding occur, we can design experiments that mimic 

the sorts of real-world misunderstandings described by autistic people. Doing so will allow us to 

understand the mechanisms that cause non-autistic people to misunderstand autistic people’s 

emotions, which in turn will allow us to continue building a world where autistic people feel 

valued, welcomed, and included.  
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Appendix A: Study 1 

Comparison of Emotion Recognition “First try” data vs. “Second Try” data 

As mentioned in Study 1, in addition to collecting participant’s first responses to the 

emotion recognition prompt for each image, I also allowed them to make a second choice. I 

wanted to analyze whether participants’ average recognition accuracy improved as a result of 

having this additional opportunity to make a selection. To accomplish this, for each participant, I 

calculated their average recognition accuracy score within each poser neurotype for each 

emotion category, for both their first and second attempts. Recognition accuracy for the first 

attempt was the proportion of trials participants correctly identified the emotion on the first time 

seeing a displayed face. Recognition accuracy for the second attempt was calculated as the 

proportion of trials participants correctly identified the emotion on either the first or second time 

seeing a face. For example, for the 12 images of autistic posers displaying anger, on their first 

attempt, a given participant may have correctly indicated “anger” for 8 of those 12 images. This 

would yield an average recognition accuracy score of 0.75. That participant may also have 

indicated anger as their second choice for two of the four images they incorrectly identified on 

their first attempt. This would then mean that for trials inclusive of their first and second attempt, 

the participant correctly selected anger for 10 of 12 images, yielding a recognition accuracy 

score of 0.83. 

 To investigate whether participants’ scores increased as a result of having this second 

opportunity, and to determine whether this increase was different for autistic or non-autistic 

expressions or whether it varied by emotion, I conducted a 2 (response attempt: first or second) x 

2 (poser neurotype: autistic or non-autistic) x 6 (emotion: anger, disgust, fear, happiness, 

sadness, surprise) ANOVA. Figure A1 shows the results of this analysis. As is apparent in the 
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figure, participants’ recognition accuracy generally increased as a result of being given a second 

opportunity. What may not be immediately apparent is that this effect depended on the emotion 

shown and the neurotype of the poser. There was a significant three-way interaction between 

response attempt, poser neurotype, and emotion F(5, 8510) = 6.87, p < .001.  

 

 

Figure A1. Emotion recognition accuracy as a function of emotion, poser neurotype, and 

response attempt. Error bars represent the 95% confidence interval.  

 

To follow up on this interaction, I investigated the effect of the two-way interaction 
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significant for expressions of disgust, F(1, 8510) = 6.59, p = .010, and fear, F(1, 8510) = 31.12, p 

< .001, but was not significant for anger, happiness, sadness, or surprise. This pattern indicates 

that the increase in recognition accuracy as a result of the second opportunity to respond was 

uniform for autistic and non-autistic expressions of anger, happiness, sadness, and surprise. But, 

for expressions of disgust and fear, the change in recognition accuracy for autistic expressions 

was greater than it was for non-autistic expressions. The mean recognition accuracy rates for 

second-attempt responses to autistic and non-autistic posers can be found in Table A1, and can 

be contrasted with the recognition rates for the first attempt responses in Table A2.  

 

Table A1.  

Average Second-Attempt Recognition Accuracy for Autistic and Non-Autistic Posers by Emotion 

(SD in Parentheses) 

Emotion Autistic Poser Non-Autistic Poser t(8510) Effect Size [95% CI] 

Anger .63 (.17) .56 (.18) 6.74*** 0.49 [0.35, 0.64] 

Disgust .82 (.14) .70 (.13) 10.98*** 0.81 [0.66, 0.95] 

Fear .52 (.18) .37 (.17) 14.06*** 1.03 [0.89, 1.18] 

Happiness .90 (.12) .91 (.10) 0.57 -0.04 [-0.19, 0.10] 

Sadness .70 (.14) .62 (.18) 6.95*** 0.51 [0.37. 0.66] 

Surprise .77 (.12) .62 (.13) 15.17*** 1.11 [0.97, 1.26] 

Note. Effect size was calculated using “emmeans” package in R (Lenth, 2022), it should be 

interpreted equivalently to Cohen’s D. ***p < .001. 
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Pairwise Comparisons in Emotion Recognition Accuracy  

 Table A2 shows the pairwise comparisons in recognition accuracy between autistic and 

non-autistic expressions for each of the six emotion categories from Study 1 .  

 

Table A2.  

Study 1 Average Recognition Accuracy for Autistic and Non-Autistic Posers by Emotion (SD in 

Parentheses) 

Emotion Autistic Poser Non-Autistic Poser t(4070) Effect Size 

Anger .50 (.18) .41 (.16) 8.21*** 0.60 

Disgust .63 (.17) .56 (.15) 7.02*** 0.52 

Fear .24 (.17) .17 (.14) 5.90*** 0.43 

Happiness .88 (.13) .89 (.11) -0.19 -0.01 

Sadness .60 (.15) .52 (.17) 8.02*** 0.59 

Surprise .64 (.15) .50 (.16) 13.21*** 0.97 

Note. Effect size was calculated using “emmeans” package in R (Lenth, 2022); it should be 

interpreted equivalently to Cohen’s D. ***p < .001. 

  

Poser Rank Correlation Matrix 

 Within each emotion category, I calculated where each poser ranked amongst the full 

sample of 24 posers in terms of recognition accuracy. Table A3 shows the correlation matrix for 

these poser rankings across the six emotions.  
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Table A3.  

Spearman’s Correlation for Poser Rank in Study 1 Across the Six Emotion Categories 

 Anger Disgust Fear Happiness Sadness Surprise 

Anger 1.00      

Disgust .06 1.00     

Fear .33 .29 1.00    

Happiness .15 .11 .11 1.00   

Sadness .38 -.19 .25 .07 1.00  

Surprise .50 .25 .43 .39 .39 1.00 

 

Wagner’s UHR Pairwise Comparisons 

 In Study 1, I reported that the pairwise comparisons between average Wagner’s UHR 

scores for autistic and non-autistic expressions were all statistically significant. Table A4 shows 

the relevant statistics.  
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Table A4.  

Study 1 Average Wagner’s UHR for Autistic and Non-Autistic Posers by Emotion (SD in 

Parentheses) 

Emotion Autistic Poser Non-Autistic Poser t(4045) Effect Size 

Anger .27 (.12) .21 (.11) 7.12*** 0.52 

Disgust .38 (.15) .27 (.11) 14.50*** 1.07 

Fear .12 (.10) .10 (.09) 2.50* 0.19 

Happiness .83 (.14) .72 (.14) 15.19*** 1.12 

Sadness .36 (.12) .24 (.10) 15.91*** 1.17 

Surprise .34 (.10) .24 (.10) 13.93*** 1.02 

Note. Effect size was calculated using “emmeans” package in R (Lenth, 2022), it should be 

interpreted equivalently to Cohen’s D. *p <.05; ***p < .001. 
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Appendix B- Study 2 

Emotion Recognition Accuracy Pairwise Comparisons 

Table B1 shows the pairwise comparisons for emotion recognition accuracy between autistic and 

non-autistic posers. Means and standard deviations presented are averaged across the two levels 

of timing condition.  

 

Table B1.  

Average Recognition Accuracy for Autistic and Non-Autistic Posers by Emotion in Study 2, 

Averaged Over Timing Condition (SD in Parentheses)  

Emotion Autistic Poser Non-Autistic Poser t(1727) Effect Size  

Anger .51 (.18) .43 (.16) 5.00*** 0.56 

Disgust .64 (.14) .59 (.13) 3.03** 0.34 

Fear .29 (.15) .22 (.14) 4.57*** 0.51 

Happiness .88 (.10) .88 (.08) -0.06 0.01 

Sadness .58 (.14) .56 (.16) 1.54 0.17 

Surprise .61 (.15) .48 (.14) 8.40*** 0.94 

Note. Effect size was calculated using “emmeans” package in R (Lenth, 2022), it should be 

interpreted equivalently to Cohen’s D. **p < .01;***p < .001. 
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Poser Rank Correlation Matrix 

Table B2 shows the correlation matrices for poser rank across emotion in the timing conditions.  

 

Table B2.  

Study 2 Correlation Matrices for Poser Rank in Emotion Recognition Accuracy in Each of the 

Timing Conditions.  

Condition        

Timed        

  Anger Disgust Fear Happiness Sadness Surprise 

 Anger 1.00      

 Disgust .08 1.00     

 Fear .15 .27 1.00    

 Happiness .18 .23 .10 1.00   

 Sadness .14 -.18 .24 .18 1.00  

 Surprise .39 .32 .42 .44 .30 1.00 

Untimed        

  Anger Disgust Fear Happiness Sadness Surprise 

 Anger 1.00      

 Disgust .08 1.00     

 Fear .29 .27 1.00    

 Happiness .14 .13 .20 1.00   

 Sadness .27 -.12 .20 .08 1.00  

 Surprise .41 .36 .35 .31 .29 1.00 
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Wagner’s UHR Pairwise Comparisons 

In Study 2, I reported that the pairwise comparisons between average Wagner’s UHR 

scores for autistic and non-autistic expressions were statistically significant. Table B3 shows the 

pairwise comparisons between autistic and non-autistic expressions in the two timing conditions, 

averaged over emotions. Table B4 shows the pairwise comparisons between autistic and non-

autistic expressions in the six emotions, averaged over timing condition.  

 

Table B3.  

Study 2 Average Wagner’s UHR Score for Autistic and Non-Autistic Expressions in the Timed 

and Untimed Conditions (SD in Parentheses) 

Timing 

Condition 
Autistic Poser Non-Autistic Poser t(1723) Effect Size 

Timed .36 (.24) .30 (.22) 8.68*** 0.56 

Untimed .40 (.24) .32 (.22) 13.58*** 0.88 

Note. Effect size was calculated using “emmeans” package in R (Lenth, 2022), it should be 

interpreted equivalently to Cohen’s D. ***p < .001.  
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Table B4. 

Study 2 Average Wagner’s UHR for Autistic and Non-Autistic Posers by Emotion Averaged 

Across the Timed and Untimed Conditions (SD in Parentheses) 

Emotion Autistic Poser Non-Autistic Poser t(1723) Effect Size 

Anger .26 (.12) .23 (.10) 3.32*** 0.37 

Disgust .37 (.13) .29 (.10) 6.87*** 0.77 

Fear .14 (.09) .12 (.09) 2.22* 0.25 

Happiness .83 (.10) .74 (.10) 7.76*** 0.87 

Sadness .35 (.11) .26 (.10) 8.19*** 0.92 

Surprise .33 (.11) .22 (.09) 10.26*** 1.15 

Note. Effect size was calculated using “emmeans” package in R (Lenth, 2022), it should be 

interpreted equivalently to Cohen’s D. *p <.05; ***p < .001. 

  



 127 
 

Appendix C 

Multicollinearity with 4 rating dimensions 

 In addition to running analyses with the awkwardness/posedness ratings and the 

goodness/intensity ratings averaged into two composite scores, I also conducted analyses with all 

four ratings unaveraged. Below the results from the linear model predicting recognition accuracy 

with the four ratings and the emotion depicted. The coefficients for this model can be found in 

Table C1, but generally the model estimated positive relationships between recognition accuracy 

and awkwardness, posedness, and goodness, but a negative relationship for intensity. This is 

troubling as recognition accuracy and intensity have a positive correlation, r = .59. Furthermore, 

when intensity is included in a model when goodness is excluded, the estimated coefficient for 

intensity then becomes positive, 𝛽 = 0.16. These both suggest that the model may be improperly 

estimating coefficients because the independent variables are collinear.  
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Table C1.  

Estimated Coefficients from Linear Model Predicting Recognition Accuracy with Four Rating 

Variables  

 𝛽 t(133) p 

Intercept -1.02 -7.30 < .001 

Emotion- Disgust 0.02 0.49 .626 

Emotion- Fear -0.18 -4.45 < .001 

Emotion-Happiness 0.26 5.73 < .001 

Emotion-Sadness 0.12 2.86 .005 

Emotion-Surprise 0.08 2.11 .037 

Neurotype- Non-Autistic 0.01 0.30 .763 

Awkwardness 0.11 2.53 .013 

Posedness 0.17 4.00 < .001 

Goodness 0.58 9.43 < .001 

Intensity -0.34 -5.94 < .001 

Note. The intercept term in this model represents the estimate for autistic expressions of anger, 

the reference levels for the categorical variables of poser neurotype and emotion. Coefficients for 

the effect of poser neurotype should be interpreted as the difference between autistic and non-

autistic expressions. Coefficients for the levels of emotion should be interpreted as the difference 

in recognition accuracy for that emotion to the reference level.  

 

To investigate whether there were problematic levels of multicollinearity, I calculated the 

variance inflation factor (VIF) for the independent predictors described in the model above. For 
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emotion, poser neurotype, awkwardness, and posedness, the variance inflation scores were 

acceptable (all less than 5: Emotion = 1.80, Poser Neurotype = 1.15, Awkwardness = 4.95, 

Posedness = 4.69; see Chatterjee, 2012; Midi & Bagheri, 2010). However, both goodness and 

intensity had VIF scores greater than traditional cutoffs for acceptable multicollinearity (i.e., ≥ 

10, Goodness = 19.15, Intensity = 18.69). Thus, there is evidence to suggest that models 

including these un-averaged ratings do not properly estimate their relationship with the 

dependent variable. As a result, I calculated the composite scores reported in Study 3.  

 

Importance Analyses using Study 2’s Recognition Accuracy Data 

 In Study 3, I reported that in addition to the importance analyses based on Study 1’s 

emotion recognition accuracy data, I conducted the same set of analyses with Study 2’s untimed 

emotion recognition accuracy data, which showed a comparable set of results. I present those 

below.  

 With the data from the untimed condition reported in Study 2, I calculated the proportion 

of times an expression was correctly recognized—comparable to an emotion recognition 

accuracy score. This became the dependent variable in a model that also included poser 

neurotype, emotion depicted, and each expression’s average awkwardness/posedness and 

goodness/intensity composites. The omnibus test on this model revealed a statistically significant 

result F(8, 135) = 39.02, p < .001, R2adjusted = .68, see Table C2 for full information about 

coefficients. As can be seen in the table, as with Study 1’s data, average goodness/intensity is a 

significant predictor, while poser neurotype and average awkwardness/posedness score are not.  
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Table C2.  

Estimated Coefficients from Linear Model Predicting Recognition Accuracy 

 𝛽 t(135) p 

Intercept -0.32 -2.77 .006 

Emotion- Disgust 0.01 0.13 .893 

Emotion- Fear -0.18 -3.45 < .001 

Emotion-Happiness 0.35 6.39 < .001 

Emotion-Sadness 0.17 3.29 .001 

Emotion-Surprise 0.07 1.35 .181 

Neurotype- Non-Autistic 0.03 0.79 .433 

Awkwardness/Posedness 0.03 1.16 .247 

Goodness/Intensity 0.24 11.77 < .001 

Note. The intercept term in this model represents the estimate for autistic expressions of anger, 

the reference levels for the categorical variables of poser neurotype and emotion. Coefficients for 

the effect of poser neurotype should be interpreted as the difference between autistic and non-

autistic expressions. Coefficients for the levels of emotion should be interpreted as the difference 

in recognition accuracy for that emotion to the reference level.  

 

Next, I conducted an importance analysis with the “relaimpo” package in R (Grömping, 

2006) to determine which of these variables contributed the most to recognition accuracy. As 

with Study 1’s data, average goodness/intensity score and emotion together contributed the most, 

and did not differ from each other. Both, however, each contributed significantly more than 

either poser neurotype or mean awkwardness/posedness score, the two of which did not differ 
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from one another, see Table C3 for full estimates and confidence intervals. Based on these 

results, it is clear that whether the importance analyses are conducted on data from Study 2’s 

untimed condition or Study 1’s data, the conclusions drawn are the same. Therefore, as Study 1 

has many more participants than Study 2’s untimed condition, those data are reported in Study 3.   

 

Table C3. 

Estimated Contribution to Total Variance in Emotion Recognition Accuracy 

Model Term Estimated Contribution [95% Confidence Interval] 

Emotion .31 [.23, .42]A 

Poser Neurotype .01 [.00, .03]B 

Awkwardness/Posedness .00 [.00, .02]B 

Goodness/Intensity .38 [.28, .47]A 

Note. Superscripts denote which model terms contribute significantly different amounts of 

variance to emotion recognition accuracy. Terms with different superscripts contribute 

significantly different amounts of information. Statistical significance is determined by 

examining whether the bootstrapped 95% confidence intervals of the estimate overlap.  

 

Fit Statistics for Linear vs. Mixed Effects Model Predicting Recognition Accuracy 

In Study 3, I reported that when predicting recognition accuracy by poser neurotype, 

emotion, goodness/intensity score, and awkwardness/posedness score, I fit both linear and mixed 

effects models. I report the results from the linear model because it is both more parsimonious 

and has better fit statistics than the mixed effects model. The statistics that led me to this 

conclusion are reported in Table C4.  
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Table C4. 

Fit Statistics Comparing the Linear and Mixed Effects Models Predicting Recognition Accuracy 

in Study 2 

Model Chi-Square Test AIC BIC R2 

Linear - -94.40 -64.70 .73 

Mixed Effects ∆c2(1) = 0, p = 1 -45.86 -13.20 .72 

 

 As Table C4 shows, the Chi-square difference in log likelihood test did not yield a 

statistically significant result and the model R2 also suggests that neither model has an advantage 

in explaining variance in recognition accuracy. Both of these suggest that the more parsimonious 

model (i.e., the linear model) is appropriate.  Furthermore, when comparing one or more models, 

the lower the AIC and BIC scores the better. As the linear model has lower scores for both 

metrics, it is the more appropriate model.  

 

Importance Analysis Confidence Intervals 

In Study 3 I also reported the relative contribution to the R2 for each independent 

predictor from the linear model reported above. The confidence intervals for each estimate and 

which estimates significantly differ are reported in Table C5.   
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Table C5 

Relative Contribution to Variance in Recognition Accuracy Explained by each Independent 

Variable 

Model Term Estimated Contribution [95% Confidence Interval] 

Emotion .34 [.26, .46]A 

Poser Neurotype .01 [.00, .03]B 

Awkwardness/Posedness Score .00 [.00, .02]B 

Goodness/Intensity Score .38 [.27, .47]A 

Note. Superscripts denote which model terms contribute significantly different amounts of 

variance to emotion recognition accuracy. Terms with different superscripts contribute 

significantly different amounts of information. Statistical significance is determined by 

examining whether the bootstrapped 95% confidence intervals of the estimate overlap.  
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Appendix D- Study 5 

Importance Analysis Linear vs. Mixed Effects Model Comparison 

 In Study 5 I reported that for the importance analysis which investigated each predictor’s 

contribution to the variance in emotion recognition accuracy, I used a linear model to conduct 

this analysis. I also fit those data for a mixed effects model, and compared these two models to 

determine which was more appropriate. Model fit statistics are reported in Table D1. Though the 

chi-square test between the two models suggested the more complex (i.e., the mixed effects) 

model was more appropriate, the AIC and BIC values suggested the linear model was more 

appropriate. Because of this, and because the “relaimpo” package is not optimized for mixed 

effects models, I used the simple linear model.  

 

Table D1 

Model Fit Statistics for Linear and Mixed Effects Model  

Model Chi-Square Test AIC BIC R2 

Linear - -231.16 -194.77 .75 

Mixed Effects ∆c2(1) = 7.34, p = .007 -183.82 -143.80 .75 

 

 

Wagner’s UHR Pairwise Comparisons 

 In Study 5 I referenced the pairwise comparisons between the autistic and non-autistic 

posers within each emotion category, for expressions from the standard and communicate 

conditions. The full pairwise comparisons can be found in Table D3 below.  
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Table D3.  

Pairwise Comparisons for Wagner’s UHR Scores Between Autistic and Non-Autistic Posers, 

Broken Down by Each Stimuli Condition and Emotion  

Stimuli 

Condition 
Emotion 

Autistic 

Poser 

Mean (SD) 

Non-Autistic 

Poser Mean 

(SD) 

t(3751) Effect Size 

Standard      

 Anger .28 (.12) .23 (.11) 4.55*** 0.49 

 Disgust .39 (.13) .30 (.11) 8.70*** 0.93 

 Fear .15 (.09) .11 (.09) 3.33*** 0.36 

 Happiness .85 (.11) .74 (.11) 9.78*** 1.04 

 Sadness .37 (.11) .25 (.09) 10.71*** 1.14 

 Surprise .33 (.10) .22 (.10) 9.10*** 0.97 

Communicate      

 Anger .39 (.14) .33 (.11) 5.67*** 0.62 

 Disgust .55 (.15) .39 (.12) 14.11*** 1.54 

 Fear .19 (.13)  .16 (09) 2.65** 0.29 

 Happiness .77 (.12) .65 (.11) 10.73*** 1.17 

 Sadness .45 (.13) .30 (.09) 13.61*** 1.49 

 Surprise .41 (.12) .34 (.12) 5.81*** 0.63 

Note. Effect size reported is from the “eff_size” function in the “emmeans” package (Lenth, 

2022). It should be interpreted equivalently to Cohen’s D. **p <.01; ***p < .001. 
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Importance Analysis Estimates and Comparisons 

In Study 5 I reported the relative contribution to the R2 for each independent predictor of 

recognition accuracy in the importance analysis. The confidence intervals for each estimate and 

which estimates significantly differ are reported in Table D4. 

 

Table D4 

Relative Contribution to Variance in Recognition Accuracy Explained by Each Independent 

Variable 

Model Term Estimated Contribution [95% Confidence Interval] 

Emotion .26 [.21, .33]A 

Poser Neurotype .01 [.00, .03]B 

Goodness/Intensity Score .48 [.41, .55]C 

Condition .01 [.00, .03]B 

Note. Superscripts denote which model terms contribute significantly different amounts of 

variance to emotion recognition accuracy. Terms with different superscripts contribute 

significantly different amounts of information. Statistical significance is determined by 

examining whether the bootstrapped 95% confidence intervals of the estimate overlap.  
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Appendix E- Gender Analyses 

 Below, I report the results of the analyses investigating whether there was a gender effect 

because of the inclusion of 3 female autistic posers. One concern was that by including three 

female faces in the set of autistic posers, this might artificially inflate the emotion recognition 

accuracy for the autistic faces. As there were only 3 female autistic posers, and no female non-

autistic posers, I could not conduct analyses with poser-gender as a covariate. Instead, to 

investigate any effects of poser gender, I conducted the analyses identically to how they are 

reported in the main body of the dissertation, removing the responses to the three female autistic 

posers.  

To foreshadow the results of these analyses, I did not find evidence of any gender-based 

effect. Instead, removing the female autistic posers led to a reduction in recognition accuracy and 

goodness/intensity ratings for autistic expressions of some emotions (particularly disgust and 

fear) and strengthened autistic expressions’ advantages for other emotions (such as anger and 

surprise). If there was a general reduction in recognition accuracy and goodness/intensity ratings, 

this would suggest that including the findings reported in this dissertation may be driven by 

effects gender, rather than by posers’ neurotype. However, this was not the pattern of results 

observed when I removed the three autistic female posers, and thus I conclude there are not 

gender-based effects driving my larger conclusions.  Below are the summaries of the analyses I 

conducted, all of which do not include responses to the three autistic female posers.   

Study 1  

Emotion Recognition Accuracy 

 As in Study 1, I conducted a 2 (poser neurotype: autistic and non-autistic) x 6 (emotion: 

anger, disgust, fear, happiness, sadness, surprise) ANOVA using linear mixed effects models. To 
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account for multiple observations, a random intercept term for each participant was included. 

The results of this analysis revealed significant main effects of poser neurotype, F(1, 4070) = 

331.14, p < .001, and emotion, F(5, 4070) = 1667.15, p < .001. There was also a significant two-

way interaction between poser neurotype and emotion, F(5, 4070) = 44.91, p < .001. To follow-

up on the two-way interaction, I calculated the pairwise comparisons between autistic and non-

autistic expressions for each of the six emotions. The full inferential statistics are reported in 

Table E1. As the table shows, and as was the case with Study 1, when there is a difference 

between autistic and non-autistic expressions, it is always in favor of the autistic expressions. 

But, unlike Study 1 where the only non-significant difference was for happiness, here there were 

not significant differences between autistic and non-autistic expressions of disgust and fear.  

 

Table E1.  

Average Emotion Recognition Accuracy for Male Autistic and Non-Autistic Posers by Emotion 

(SD in Parentheses) 

Emotion Autistic Poser Non-Autistic Poser t(4070) Effect Size 

Anger .57 (.21) .41 (.16) 14.28*** 1.05 

Disgust .57 (.19) .56 (.15) 0.91 0.07 

Fear .19 (.17) .18 (.14) 1.70† 0.13 

Happiness .92 (.14) .89 (.11) 2.72** 0.20 

Sadness .61 (.15) .52 (.17) 8.65*** 0.64 

Surprise .68 (.17) .50 (.16) 16.30*** 1.20 

Note. Effect size was calculated using “emmeans” package in R (Lenth, 2022), it should be 

interpreted equivalently to Cohen’s D. †p < .10; *p <.05; **p < .01;  ***p < .001. 
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Wagner’s UHR 

 I conducted complementary analyses using Wagner’s UHR as the dependent variable, to 

account for any bias introduced by participants’ tendency to use one response option more than 

others. Here I also conducted a 2 x 6 ANOVA with random intercepts for each participant. The 

results of this analysis revealed significant main effects of poser neurotype, F(1, 4027) = 958.35, 

p < .001, and emotion, F(5, 4027.2) = 3331.26, p <.001, as well as by a significant two-way 

interaction between poser neurotype and emotion, F(5, 4026.9) = 45.27, p < .001. To follow up 

on this interaction, I again compared hit rates for autistic and non-autistic expressions within 

each emotion category, which are reported in Table E2. Hit rates were higher for autistic 

expressions in all emotions but fear, where they did not differ from non-autistic expressions. 
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Table E2.  

Average Wagner’s UHR for Male Autistic and Non-Autistic Posers by Emotion (SD in 

Parentheses) 

Emotion Autistic Poser Non-Autistic Poser t(4025) Effect Size 

Anger .32 (.15) .21 (.11) 13.17*** 0.97 

Disgust .35 (.16) .27 (.11) 9.53*** 0.70 

Fear .11 (.10)  .10 (.09) 0.88 0.07 

Happiness .88 (.15) .72 (.14) 20.21*** 1.48 

Sadness .38 (.13) .24 (.10) 17.81*** 1.31 

Surprise .35 (.12) .24 (.10) 14.63*** 1.07 

Note. Effect size was calculated using “emmeans” package in R (Lenth, 2022), it should be 

interpreted equivalently to Cohen’s D. ***p < .001. 

 

Study 1 Summary 

 Using the responses to male and female posers, Study 1 found that autistic expressions 

were recognized with greater accuracy for all emotions except for happiness, where they did not 

differ from non-autistic expressions. Likewise, when bias in participants’ responses was 

accounted for (using Wagner’s UHR as the dependent variable), autistic expressions were 

recognized more accurately for all emotions. Removing the responses to the female posers, all of 

whom were autistic, I found slightly different patterns for both emotion recognition and 

Wagner’s UHR: differences in recognition accuracy between autistic and non-autistic posers 

were reduced for disgust and fear but increased for expressions of anger and surprise. Since the 

effect was not uniformly in the same direction across all emotions, and given that there are still 
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significant differences between the autistic and non-autistic expressions, I cannot conclude that 

there is an effect of poser gender.  

 

Study 2 

Emotion Recognition 

 In Study 2, I added the manipulation where participants saw the stimuli used in Study 1 

for either an unlimited amount of time, or for 800 ms. Here, I investigated participants’ responses 

using a 2 (poser neurotype) x 6 (emotion category) x 2 (condition: timed or untimed) ANOVA, 

with random intercepts for each participant, and level of autism symptomatology as a covariate. 

Crucially, with the full set of responses, Study 2 did not find a significant three-way interaction. 

The analyses including responses to only the male stimuli found a similar pattern: the main 

effects of poser neurotype, F(1, 1727) = 92.62, p < .001, emotion, F(5, 1727) = 654. 60, p < .001, 

and condition, F(1, 156) = 13.16, p < .001, were all significant. Also like in Study 2, the two-

way interactions between poser neurotype and emotion, F(5, 1727) = 23.44, p < .001, poser 

neurotype and condition, F(1, 1727) = 4.26, p = .039, and emotion and condition, F(5, 1727) = 

2.87, p = .014, were all statistically significant. Finally, also like in Study 2, the three-way 

interaction between poser neurotype, emotion, and condition was not significant, F(5, 1727) = 

0.31, p = .912, and neither was the effect of the covariate, F(1, 156) = 1.71, p = .193.  

 To investigate whether autistic expressions were recognized more accurately than non-

autistic expressions, I compared the mean recognition accuracy for autistic and non-autistic 

expressions in each condition averaged over emotion. Autistic expressions were recognized more 

accurately than non-autistic expressions in both the timed, t(1727) = 5.36, p < .001, d = 0.35, 
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(MAutistic = .57, SD = .24; MNon-Autistic = .52, SD = .23), and in the untimed conditions t(1727) = 

8.24, p < .001, d = 0.54 (MAutistic = .61, SD = .25; MNon-Autistic = .53, SD = .25).  

I also compared recognition accuracy for autistic and non-autistic expressions in each 

emotion, averaged over condition (see Table E3). Autistic expressions were recognized with 

greater accuracy than non-autistic expressions for anger, happiness, sadness, and surprise. For 

fear, autistic and non-autistic expressions did not significantly differ from one another, and for 

disgust, non-autistic expressions were recognized significantly better, though with a small effect. 

This pattern, though, is consistent with that in Study 1, where removing the female posers 

reduced pairwise differences in disgust and fear, but accentuated them in anger and surprise, 

which is not consistent with a gender effect.  
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Table E3.  

Average Emotion Recognition Accuracy for Male Autistic and Non-Autistic Posers by Emotion, 

Averaged Over Timing Condition (SD in Parentheses) 

Emotion Autistic Poser Non-Autistic Poser t(1727) Effect Size 

Anger .59 (.20) .43 (.16) 9.70*** 1.09 

Disgust .56 (.17) .59 (.13) -1.98* -0.22 

Fear .25 (.15) .22 (.14) 1.70† 0.19 

Happiness .91 (.11) .88 (.08) 2.07* 0.23 

Sadness .59 (.14) .56 (.16) 2.07* 0.23 

Surprise .65 (.16) .48 (.14) 10.02*** 1.12 

Note. Effect size was calculated using “emmeans” package in R (Lenth, 2022), it should be 

interpreted equivalently to Cohen’s D. †p < .10; *p <.05; ***p < .001. The pairwise comparisons 

between autistic and non-autistic posers for expressions of happiness and sadness were of the 

same magnitude, and thus revealed identical t-statistics and effect sizes.  

 

Wagner’s UHR 

 I also conducted the same analysis above, but with Wagner’s UHR as the dependent 

variable. Using responses to male and female posers, Study 2 also did not find a significant 

three-way interaction between poser neurotype, emotion, and condition. Using only responses to 

the male stimuli, I found significant main effects of poser neurotype, F(1, 1722.44) = 296.06, p < 

.001, emotion, F(5, 1722.41) = 1564.10, p < .001, and condition, F(1, 156.01) = 13.97, p < .001. 

These were all superseded by the two-way interactions between poser neurotype and emotion, 

F(5, 1722.43) = 16.38, p < .001, and poser neurotype and condition, F(1, 1722.44) = 9.51, p < 
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.001. The two-way interaction between emotion and condition, F(5, 1722.42) = 2.16, p = .056, 

the three-way interaction between poser neurotype, emotion, and condition, F(5, 1722.43) = 

0.29, p = .919, and the effect of the covariate, F(1, 156.03) = 1.87, p = .174, were all not 

significant.  

 To investigate whether autistic expressions were recognized more or less accurately after 

accounting for participants’ tendency to use one response option, I investigated pairwise 

comparisons by neurotype within each timing condition. As before, autistic expressions were 

recognized more accurately than non-autistic expressions in both the timed, t(1727) = 10.02, p < 

.001, d = 0.65, (MAutistic = .37, SD = .26; MNon-Autistic = .30, SD = .22), and in the untimed 

conditions t(1727) = 14.30, p < .001, d = 0.93 (MAutistic = .41, SD = .26; MNon-Autistic = .32, SD = 

.22).  

 I next investigated whether autistic expressions were recognized more or less accurately 

than non-autistic expressions in each emotion, averaged over timing condition (see Table E4). 

Here, whenever there was a significant difference between the two poser groups, it was always in 

favor of autistic expressions. Autistic expressions of anger, disgust, happiness, sadness, and 

surprise were recognized more accurately than non-autistic expressions. There was no difference 

in Wagner’s UHR for fear. Thus, after accounting for participant’s response biases, a similar 

pattern to that reported in Study 2 was observed for responses to just the male stimuli.  

 

  



 145 
 

Table E4.  

Average Wagner’s UHR for Male Autistic and Non-Autistic Posers by Emotion, Averaged Over 

Timing Condition (SD in Parentheses) 

Emotion Autistic Poser Non-Autistic Poser t(1722) Effect Size 

Anger .32 (.14) .23 (.10) 7.63*** 0.86 

Disgust .33 (.15)  .29 (.10 3.22*** 0.36 

Fear .13 (.10) .12 (.09) 0.97 0.11 

Happiness .87 (.12) .74 (.10) 11.22*** 1.26 

Sadness .37 (.11) .26 (.10) 9.09*** 1.02 

Surprise .34 (.12) .22 (.09) 10.07*** 1.13 

Note. Effect size was calculated using “emmeans” package in R (Lenth, 2022), it should be 

interpreted equivalently to Cohen’s D. ***p < .001. 

 

Study 2 Summary 

 A similar pattern to Study 1 was found here. Again, once the female autistic posers were 

removed, recognition for autistic expressions of disgust and fear decreased, but increased for 

anger and surprise. Overall, though, autistic expressions were recognized more accurately than 

non-autistic expressions, especially once accounting for participants’ tendencies to use one 

response option more than others. This pattern of results provides no evidence for a poser-gender 

effect in these data.  

 

Study 3 

Rating Dimensions Analyses 
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 In Study 3, I investigated whether autistic and non-autistic expressions were perceived as 

more or less awkward/posed and good/intense for each of the six emotions. Here, I report the 

same analyses, including only the response to the male stimuli. As will be shown below, the 

overall pattern of results remains unchanged, again suggesting that there is no effect of poser-

gender on these results.  

 To the male stimuli, I fit a 2 (poser neurotype: autistic or non-autistic) x 6 (emotion: 

anger, disgust, fear, happiness, sadness, or surprise) x 2 (rating dimension: 

awkwardness/posedness or goodness/intensity) ANOVA, with random intercepts for each poser 

identity, and for each participant. The results of this analysis revealed a marginal main effect of 

poser neurotype, F(1, 19) = 4.17, p = .055, and significant main effects of emotion, F(5, 20734) 

= 100.33, p < .001, and rating dimension, F(1, 20728) = 151.16, p < .001. The two-way 

interactions between poser neurotype and emotion, F(5, 20733) = 17.35, p < .001, poser 

neurotype and rating dimension, F(1, 20728) = 17.17, p < .001, and emotion and rating 

dimension, F(5, 20728) = 104.58, p < .001, were all significant. But, all of these effects were 

superseded by the significant three-way interaction between poser neurotype, emotion, and rating 

dimension, F(5, 20728) = 26.14, p < .001.  

 To break down this three-way interaction, I investigated the two-way interaction between 

poser neurotype and emotion within each rating dimension. The two-way interaction was 

significant in both the awkwardness/posedness dimension, F(5, 20728.08) = 28.29, p < .001, and 

in the goodness/intensity dimension, F(5, 20728.08) = 15.21, p < .001. Therefore, I investigated 

the pairwise comparisons between autistic and non-autistic expressions separately for each 

emotion in each rating dimension (see Table E5). These analyses revealed that autistic 

expressions were given higher awkwardness/posedness ratings than non-autistic expressions for 
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anger and surprise, and higher goodness/intensity ratings for disgust, fear, and surprise. This 

pattern of results is the same as that reported in Study 3 (though with the male and female 

stimuli, autistic expressions of disgust were also given higher awkwardness/posedness ratings), 

and thus shows no evidence of a poser gender effect.  
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Table E5.  

Pairwise Comparisons for Average Ratings for Autistic and Non-Autistic Expressions, Broken 

Down by Rating Dimensions and Emotion (SD in Parentheses) 

Rating Dimension Emotion 

Autistic 

Poser Mean 

(SD) 

Non-Autistic 

Poser Mean 

(SD) 

t(22.5) 
Effect 

Size 

Awkwardness/Posedness      

 Anger 3.26 (1.15) 2.61 (1.08) 3.81*** 0.62 

 Disgust 3.10 (1.15) 2.77 (1.09) 1.91† 0.31 

 Fear 2.87 (1.10) 2.76 (1.16) 0.67 0.11 

 Happiness 2.53 (1.22) 2.59 (1.14) -0.36 -0.06 

 Sadness 3.00 (1.18) 2.49 (1.12) 2.98** 0.48 

 Surprise 2.96 (1.06) 2.86 (1.12) 0.58 0.09 

Goodness/Intensity      

 Anger 3.13 (1.07) 2.84 (1.14) 1.70 0.28 

 Disgust 3.78 (1.15) 3.19 (1.21) 3.45** 0.56 

 Fear 2.93 (1.22) 2.36 (1.19) 3.32** 0.54 

 Happiness 3.38 (1.20) 3.21 (1.14) 0.98 0.16 

 Sadness 2.78 (1.12) 2.58 (1.12) 1.14 0.19 

 Surprise 3.19 (1.16) 2.62 (1.25) 3.30** 0.53 

Note. Effect size reported is from the “eff_size” function in the “emmeans” package (Lenth, 

2022). It should be interpreted equivalently to Cohen’s D. †p < .10; *p <.05;**p < .01; ***p < 

.001. 
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Study 4 

Rating Dimensions Analyses 

 In Study 4, I investigated whether goodness/intensity ratings for the autistic and non-

autistic expressions would differ if those expressions came from either Brewer et al.’s (2016) 

standard or communicate conditions. With the full set of responses, I found that autistic 

expressions in the standard condition were given higher goodness/intensity ratings for disgust, 

fear, and surprise, but there were no differences for stimuli from the communicate condition. I 

found a similar pattern when I conducted identical analyses with just the responses to the male 

stimuli. I conducted a 2 (poser neurotype) x 6 (emotion) x 2 (stimulus condition: standard or 

communicate) ANOVA, with random intercepts for each poser identity, and for each participant. 

In this analysis, the main effects of poser neurotype, F(1, 19) = 1.82, p = .194, and stimulus 

condition, F(1, 147.3) = 0.16, p = .689, were not significant, but the main effect of emotion, F(5, 

17940.9) = 421.41, p < .001, was. There was a marginal two-way interaction between poser 

neurotype and stimulus condition, F(1, 17947.6) = 2.91, p = .088, and significant two-way 

interactions between poser neurotype and emotion, F(5, 17940.9) = 19.45, p < .001, and stimulus 

condition and emotion, F(5, 17940.9) = 41.63, p < .001. These were all superseded, though, by a 

significant three-way interaction between poser neurotype, emotion, and stimulus condition, F(5, 

17940.9) = 13.40, p < .001. 

 To break down this interaction, I investigated the two-way interaction between poser 

neurotype and emotion within each stimulus condition. These effects were significant in both the 

standard, F(5, 17940.82) = 16.79, p < .001, and in the communicate conditions, F(5, 17941.28) = 

15.88, p < .001. Thus, I compared the pairwise comparisons between autistic and non-autistic 

faces for each emotion, in each stimulus condition (see Table E6).  
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Table E6.  

Pairwise Comparisons for Average Goodness/Intensity Ratings for Autistic and Non-Autistic 

Expressions, Broken Down by Rating Dimensions and Emotion (SD in Parentheses) 

Stimulus 

Condition  
Emotion 

Autistic Poser 

Mean (SD) 

Non-Autistic Poser 

Mean (SD) 
t(20.4) Effect Size 

Standard      

 Anger 3.23 (1.20) 3.01 (1.13) 0.81 0.22 

 Disgust 3.91 (1.20) 3.32 (1.27) 2.10* 0.56 

 Fear 2.92 (1.26) 2.35 (1.24) 2.08† 0.56 

 Happiness 3.72 (1.22) 3.60 (1.17) 0.41 0.11 

 Sadness 2.77 (1.21) 2.50 (1.15) 0.97 0.26 

 Surprise 3.46 (1.26) 2.85 (1.39) 2.18* 0.58 

Communicate      

 Anger 3.67 (1.05) 2.99 (1.21) 2.41* 0.65 

 Disgust 3.82 (1.02) 3.53 (1.18) 1.04 0.28 

 Fear 3.15 (1.19) 2.62 (1.42) 1.88† 0.51 

 Happiness 3.31 (1.31) 3.13 (1.35) 0.66 0.18 

 Sadness 2.62 (1.16) 2.57 (1.20) 0.23 0.06 

 Surprise 3.42 (0.94) 3.10 (1.28) 1.14 0.31 

Note. Effect size reported is from the “eff_size” function in the “emmeans” package (Lenth, 

2022). It should be interpreted equivalently to Cohen’s D. †p < .10; *p <.05; **p < .01; ***p < 

.001. 
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Overall, patterns were similar to those reported in the body of the dissertation. In the 

standard condition, autistic expressions of disgust, fear, and surprise were rated as better/more 

intense (though note that for fear, the effect just failed to reach statistical significance, p = .051). 

In the communicate condition, there were no significant differences for autistic and non-autistic 

expressions for any of these emotions. Interestingly, in the communicate condition, autistic 

expressions of anger were rated as better/more intense than non-autistic expressions, a finding I 

did not observe when analyzing responses to the male and female posers. However, this is 

consistent with the previous findings that removing the female posers exacerbated differences 

between autistic and non-autistic expressions of anger. Regardless, however, because this effect 

is not uniform across the different emotions, this is not evidence of a poser gender effect.  

 

Study 5 

Emotion Recognition Analyses 

As in Study 5, I conducted analyses with both emotion recognition accuracy and 

Wagner’s UHR as dependent variables. In both of these analyses, I fit the dependent variables to 

mixed effects models and conducted 2 (poser neurotype) x 6 (emotion) x 2 (stimulus condition) 

ANCOVAs, with BAP-Q as a covariate. I fit a random intercept for each participant to account 

for multiple observations. 

Emotion Recognition Accuracy. The results of the emotion recognition accuracy analyses 

revealed the effect of the covariate, F(1, 341) = 1.92, p = .166, and the two-way interaction 

between poser neurotype and stimulus condition, F(1, 3762) = 1.30, p = .254, were not 

significant. There were significant main effects of poser neurotype, F(1, 3762) = 344.42, p < 

.001, emotion, F(5, 3762) = 1176.11, p < .001, and stimulus condition, F(1, 341) = 110.21, p < 
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.001. The two-way interactions between poser neurotype and emotion, F(5, 3762) = 33.78, p < 

.001, and between emotion and stimulus condition, F(5, 3762) = 38.64, p < .001, were both 

significant. These were all superseded by the significant three-way interaction between poser 

neurotype, emotion, and stimulus condition, F(5, 3762) = 4.76, p < .001.  

 To break down the three-way interaction, I compared the effects of poser neurotype and 

emotion at each level of stimulus condition. The two-way interaction between posed neurotype 

and emotion was significant in both the standard, F(5, 3762) = 20.74, p < .001, and communicate 

conditions, F(5, 3762) = 17.87, p < .001. Therefore, I investigated the pairwise comparisons 

between autistic and non-autistic expressions for each emotion, within each of the two stimulus 

conditions.  

 The full inferential statistics from these comparisons can be found in Table E7, but to 

summarize: In the standard condition, autistic expressions were recognized more accurately than 

non-autistic expressions for anger, fear, sadness, and surprise. Autistic and non-autistic 

expressions of disgust and happiness did not differ from one another. In the communicate 

condition, autistic expressions were recognized more accurately than non-autistic expressions for 

all emotions but sadness, where they did not differ from one another.  
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Table E7.  

Pairwise Comparisons of Emotion Recognition Accuracy for Autistic and Non-Autistic 

Expressions for the Six Emotions in Each Stimulus Condition 

Stimulus 

Condition  
Emotion 

Autistic Poser 

Mean (SD) 

Non-Autistic Poser 

Mean (SD) 
t(3762) Effect Size 

Standard      

 Anger .58 (.20) .43 (.16) 9.73*** 1.04 

 Disgust .61 (.18) .60 (.15) 0.38 0.04 

 Fear .25 (.15) .21 (.13) 3.01** 0.32 

 Happiness .93 (.11) .90 (.07) 1.49 0.16 

 Sadness .60 (.15) .53 (.15) 4.35*** 0.46 

 Surprise .65 (.17) .47 (.16) 11.58*** 1.23 

Communicate      

 Anger .67 (.20) .51 (14) 10.14*** 1.11 

 Disgust .74 (.16) .66 (.14) 5.05*** 0.55 

 Fear .35 (.20) .29 (.13) 3.78*** 0.41 

 Happiness .87 (.10) .80 (.11) 3.96*** 0.43 

 Sadness .62 (.13) .63 (.15) -0.18 -0.02 

 Surprise .76 (.17) .58 (.16) 10.99*** 1.20 

Note. Effect size reported is from the “eff_size” function in the “emmeans” package (Lenth, 

2022). It should be interpreted equivalently to Cohen’s D. **p < .01; ***p < .001. 
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Wagner’s UHR. Next, I conducted identical analyses, but with Wagner’s UHR as the dependent 

variable. These analyses revealed a similar pattern of results. The 2 x 6 x 2 ANCOVA revealed 

that the effect of the covariate was not statistically significant, F(1, 339.2) = 1.50, p = .221. The 

main effects of poser neurotype, F(1, 3747.1) = 1060.43, p < .001, emotion, F(5, 3747.6) = 

2334.33, p < .001, and stimulus condition, F(1, 339.6) = 115.12, p < .001, were all significant. 

All of the two-way interactions were also significant: poser neurotype and emotion, F(5, 3747.1) 

= 35.93, p < .001, poser neurotype and stimulus condition, F(1, 3747.1) = 14.47, p < .001, 

emotion and stimulus condition, F(5, 3747.6) = 87.91, p < .001. These were all superseded by 

the significant three-way interaction between poser neurotype, emotion, and stimulus condition, 

F(5, 3747.1) = 8.71, p < .001.  

 In following up on the three-way interaction, the two-way interactions between poser 

neurotype and emotion were significant in both the standard, F(5, 3746.92) = 17.34, p < .001, 

and communicate conditions, F(5, 3746.61) = 27.09, p < .001. As such, I investigated the 

pairwise comparisons between autistic and non-autistic expressions for all emotions, in each of 

the two stimulus conditions. Full inferential statistics can be found in Table E8. Overall, though, 

autistic expressions had higher hit rates than non-autistic expressions for all emotions in both 

conditions, except in the standard condition, where there was no difference for fear.  
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Table E8.  

Pairwise Comparisons of Wagner’s UHR for Autistic and Non-Autistic Expressions for the Six 

Emotions in Each Stimulus Condition 

Stimulus 

Condition  
Emotion 

Autistic Poser 

Mean (SD) 

Non-Autistic Poser 

Mean (SD) 
t(3747) Effect Size 

Standard      

 Anger .33 (.15) .23 (.11) 8.84*** 0.94 

 Disgust .36 (.14) .30 (.11) 5.61*** 0.60 

 Fear .13 (.09) .11 (.09) 1.54 0.17 

 Happiness .90 (.12) .74 (.11) 12.96*** 1.38 

 Sadness .39 (.12) .25 (.09) 11.54*** 1.23 

 Surprise .34 (.12) .22 (.10) 9.98*** 1.06 

Communicate      

 Anger .48 (.18) .33 (.11) 12.36*** 1.35 

 Disgust .55 (.17) .39 (.12) 12.86*** 1.40 

 Fear .20 (.14) .16( .09) 2.87** 0.32 

 Happiness .82 (.13) .65 (.11) 14.14*** 1.54 

 Sadness .49 (.13) .30 (.09) 15.32*** 1.68 

 Surprise .40 (.13) .34 (.12) 4.79*** 0.52 

Note. Effect size reported is from the “eff_size” function in the “emmeans” package (Lenth, 

2022). It should be interpreted equivalently to Cohen’s D. **p < .01; ***p < .001. 
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Thus, the pattern observed in the gender analyses for Studies 1-4 was observed in Study 5 

as well. Removing the female autistic posers led to autistic expressions of disgust and fear no 

longer being recognized more accurately than non-autistic expressions, but differences for other 

emotions, including anger, were accentuated. Again, this pattern of results does not suggest that 

the three female autistic posers were driving any effects of neurotype observed in the main body 

of the dissertation.  


