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Abstract 
 

Individuals with developmental prosopagnosia experience lifelong deficits 

recognising facial identity, but whether their ability to process facial expression is also 

impaired is unclear. Addressing this issue is key for understanding the core deficit in 

developmental prosopagnosia, and for advancing knowledge about the mechanisms and 

development of normal face processing. In this thesis, I report two online studies on facial 

expression processing with large samples of prosopagnosics. In Study 1, I compared facial 

expression and facial identity perception in 124 prosopagnosics and 133 controls. I used three 

perceptual tasks including simultaneous matching, sequential matching, and sorting. I also 

measured inversion effects to examine whether prosopagnosics rely on typical face 

mechanisms. Prosopagnosics showed subtle deficits with facial expression, but they 

performed worse with facial identity. Prosopagnosics also showed reduced inversion effects 

for facial identity but normal inversion effects for facial expression, suggesting they use 

atypical mechanisms for facial identity but normal mechanisms for facial expression. In 

Study 2, I extended the findings of Study 1 by assessing facial expression recognition in 78 

prosopagnosics and 138 controls. I used four labelling tasks that varied on whether the facial 

expressions were basic (e.g., happy) or complex (e.g., elated), and whether they were 

displayed via static (i.e., images) or dynamic (i.e., video clips) stimuli. Prosopagnosics 

showed subtle deficits with basic expressions but performed normally with complex 

expressions. Further, prosopagnosics did not show reduced inversion effects for both types of 

expressions, suggesting they use similar recognition mechanisms as controls. Critically, the 

subtle expression deficits that prosopagnosics showed in both studies can be accounted for by 

autism traits, suggesting that expression deficits are not a feature of prosopagnosia per se. I 

also provide estimates of the prevalence of deficits in facial expression perception (7.70%) 

and recognition (2.56% - 5.13%) in prosopagnosia, both of which suggest that facial 

expression processing is normal in the majority of prosopagnosics. Overall, my thesis 

demonstrates that facial expression processing is not impaired in developmental 

prosopagnosia, and suggests that facial expression and facial identity processing rely on 

separate mechanisms that dissociate in development. 
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Chapter 1: Introduction 
 

For most of us, it is easy to recognise people by their face. However, for individuals 

with developmental prosopagnosia (henceforth, ‘prosopagnosia’), it is a daily challenge. 

Prosopagnosia is a developmental condition defined by the lifelong inability to recognise 

faces (Bate & Tree, 2017; Dalrymple & Palermo, 2016; McConachie, 1976). Commonly 

known as ‘face blindness’, some researchers refer to this condition as congenital 

prosopagnosia (based on the notion that it may be present from birth; Behrmann & Avidan, 

2005) and other researchers refer to it as hereditary prosopagnosia (because it may run in 

families; Kennerknecht et al., 2006). Prosopagnosia is estimated to affect one in 50 people 

(Bowles et al., 2009; Kennerknecht et al., 2006; Kennerknecht, Ho, & Wong, 2008), which 

amounts to roughly 150 million people worldwide. Because of their pervasive difficulty with 

faces, individuals with prosopagnosia tend to avoid social situations, which negatively 

impacts their well-being, self-esteem, and career opportunities (Dalrymple et al., 2014; Davis 

et al., 2011; Yardley, McDermott, Pisarski, Duchaine, & Nakayama, 2008).  

Prosopagnosia is characterised by deficits in recognising facial identity. However, 

there is some evidence that prosopagnosics can have additional problems with other aspects 

of face processing and broader visual functioning. When processing faces, some 

prosopagnosics demonstrate deficits when recognising facial expression (e.g., Biotti & Cook, 

2016), facial gender (e.g., Duchaine, Yovel, Butterworth, & Nakayama, 2006), facial 

attractiveness (e.g., Le Grand et al., 2006), and facial trustworthiness (Todorov & Duchaine, 

2008). Beyond face processing, some prosopagnosics also have trouble recognising a variety 

of common objects (e.g., Duchaine & Nakayama, 2005; Garrido, Duchaine, & Nakayama, 

2008; and see Geskin & Behrmann, 2017 for a recent review), bodies (Biotti, Gray, & Cook, 

2017), biological motion (e.g,. Lange et al., 2009), or the spatial layout of the environment 

(Bate, Adams, Bennetts, & Line, 2017; Corrow et al., 2016). This variability in 

prosopagnosics’ visual and cognitive deficits suggests that prosopagnosia is a heterogeneous 

condition with different neural and potentially genetic bases (Duchaine, 2011; Susilo & 

Duchaine, 2013), but this possibility has not been rigorously examined.  

To better understand the nature of prosopagnosia, we need studies with large samples 

that look systematically at a wide range of face processing and broader visual functions. In 

this thesis, I conduct such a study by focusing on facial expression processing. Understanding 

facial expression processing in prosopagnosia has far-reaching implications. First, it will 
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inform whether the core deficit in prosopagnosia is specific to facial identity processing or 

extends to facial expression processing. Second, understanding facial expression processing 

in prosopagnosia will provide clues for rehabilitation purposes. Prosopagnosics who have 

impaired facial expression processing may struggle more with social interactions, and 

experience greater negative consequences to their well-being, compared to prosopagnosics 

who have intact facial expression processing. Thus, it is important to determine whether 

facial expression processing is impaired in prosopagnosia so that appropriate behavioural 

interventions can be developed. Finally, investigating facial expression processing in 

prosopagnosia has direct implications for major models of face processing (e.g., Bruce & 

Young, 1986; Calder, 2011; Calder & Young, 2005; Duchaine & Yovel, 2015; Haxby, 

Hoffman, & Gobbini, 2000; 2002). A fundamental, but contentious, aspect of these models is 

whether facial expression and facial identity are processed in independent systems (e.g., 

Bruce & Young, 1986; Haxby et al., 2000) or in a shared system (e.g., Calder, 2011; Calder 

& Young, 2005). By systematically testing prosopagnosics facial expression processing 

ability, my thesis will inform this ongoing debate. Normal facial expression processing in 

prosopagnosia will constitute support for independent processing systems, whereas impaired 

facial expression processing in prosopagnosia will be consistent with the idea of shared 

processing systems. 

 

1.1 Facial identity and facial expression processing 
 

Bruce and Young’s (1986) highly influential model of face recognition (as depicted in 

Figure 1) posits a key distinction between facial identity and facial expression processing. 

Facial expression and facial identity processing segregate early, immediately after structural 

descriptions of the faces we see in our environment are created. Beyond this distinction, 

facial expression and facial identity processing differs in two ways. First, they use different 

types of descriptions. The facial expression analysis module uses view-centred descriptions, 

which convey basic face information like changes in contrast and light intensity. In contrast, 

facial identity recognition uses expression-independent descriptions, which extract invariant 

information about the shape of individual facial features (e.g., the nose and mouth) and their 

overall configuration. Second, facial expression and facial identity recognition depend on 

different mechanisms. For expression analysis, the configuration and shape of facial features 

(e.g., open mouth and raised eyebrows) leads to the categorisation of specific expressions 

(e.g., surprise). Within identity recognition, different functions are used to process familiar 
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and unfamiliar identities. For familiar identities, newly generated face descriptions are 

compared against stored descriptions of known faces represented within the face-recognition 

units module. If the newly generated descriptions match the stored ones, then the person 

identity nodes (which store semantic information about a person's identity, like their 

occupation) and the name generation module (where individuals’ names are stored) are 

activated. For the recognition of unfamiliar faces, pictorial descriptions generated from static 

face images are processed by the directed visual processing module.  

 

 
Figure 1. Bruce and Young’s (1986) model of face recognition. The ‘facial speech analysis’ and ‘cognitive 
system’ modules have been excluded from this diagram for simplicity. 
 

A key prediction of Bruce and Young’s (1986) model is that facial expression and 

facial identity processing can doubly dissociate. That is, the ability to process facial identity 
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can be impaired while the ability to process facial expression can be left intact, and vice 

versa. Behavioural data from brain-damaged patients demonstrates this double dissociation 

(for a review, see Bate & Bennetts, 2015). Support for one half of the dissociation comes 

from acquired prosopagnosic patients who have impaired facial identity processing, but intact 

facial expression processing (e.g., De Renzi & Di Pellegrino, 1998; Fox, Hanif, Iaria, 

Duchaine, & Barton 2011; Mattson, Levin, & Grafman, 2000; Riddoch, Johnston, Bracewell, 

Boutsen, Humphreys, 2008; Tranel, Damasio, & Damasio, 1988). The other half of the 

dissociation is observed in patients with varied brain damage (e.g., bilateral lesions to the 

parietal lobes or amygdala) or brain disorders (e.g., Huntington’s disease) who have impaired 

facial expression processing, but normal facial identity processing (e.g., Adolphs, Tranel, 

Damasio, & Damasio, 1994; Calder et al., 1997; Humphreys, Donnelly, & Riddoch, 1993; 

Sprengelmeyer et al., 1997; Young, Hellawell, Van de Wal, & Johnson, 1996; Young, 

Newcombe, Haan, Small, & Hay, 1993). Taken together, these dissociations provide 

evidence that facial expression and facial identity processing involve independent 

mechanisms.  

Neurophysiological studies also provide compelling evidence for distinctions between 

facial expression and facial identity processing. For instance, relative to viewing neutral 

faces, faces displaying expressions elicit an enhanced early positivity in event-related 

potential (ERP) recordings (ranging between 100 and 170ms post-stimulus onset, Eimer & 

Holmes, 2002; Eimer, Holmes, & McGlone, 2003; Holmes, Vuilleumier & Eimer, 2003). 

However, facial expression does not modulate the face-sensitive N170 ERP component (a 

negativity present at around 170ms post-stimulus; Eimer et al., 2003; Eimer & Holmes, 2002; 

Holmes et al., 2003), which indexes early structural encoding of faces prior to recognition 

(Bentin, Allison, Puce, Perez, & McCarthy, 1996; Eimer, 2000). Together, these ERP 

findings suggest that early processes involved in facial expression and facial identity 

processing are occur in parallel, but are independent.  

Neuroanatomical distinctions between facial identity and facial expression processing 

come from studies of single-cell recordings in primates (e.g., Hasselmo, Rolls, & Baylis, 

1989; Perrett, Hietanen, Oram, Benson, & Rolls, 1992), neuroimaging in humans (e.g., 

Haxby et al., 2000; Winston, Henson, Fine-Goulden, & Dolan, 2004), and transcranial 

magnetic stimulation in humans (TMS; Pitcher, 2014; Pitcher, Charles, Devlin, Walsh, & 

Duchaine, 2009; Pitcher, Garrido, Walsh, & Duchaine, 2008). Single-cell recordings in 

macaque monkeys revealed that neurons responsive to facial identity are predominantly 

located in ventral regions of the inferior temporal cortex, while neurons responsive to facial 
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expression are located more dorsally, in the superior temporal sulcus (STS; Hasselmo et al., 

1989). Haxby and colleagues (Haxby et al., 2000) offered a similar layout of the face 

processing network in the human cortex. They proposed that the ventrally located lateral 

fusiform gyrus (which encompasses the fusiform face area; FFA; Kanwisher, McDermott, & 

Chun, 1997) is involved in processing invariant aspects of faces such as identity, while the 

more dorsally located STS is involved in processing changeable aspects of faces such as 

expression. Causal evidence for this dissociation comes from Pitcher and colleagues’ TMS 

studies (Pitcher, 2014; Pitcher et al., 2008; 2009) in which they show that applying TMS to 

the right posterior STS disrupts the ability to discriminate facial expressions, but not facial 

identity. Taken together, this neuroanatomical evidence from primates and humans 

demonstrates that anatomically distinct brain regions are implicated in processing facial 

expression and facial identity. 

Despite widespread support, the independence of facial identity and facial expression 

processing has been challenged. Calder and Young (2005; Calder, 2011) argue that other 

lines of evidence (discussed below) imply a complex interaction between facial expression 

and facial identity processing, and thus propose that the two face aspects are processed by 

common mechanisms within a shared system. They do note, however, that the interaction 

may be more relative than absolute, in that there may be some level of segregation between 

facial expression and facial identity during structural encoding. Further, they highlight that 

there are more defined distinctions between facial expression and facial identity processing 

during higher-level processing when brain regions beyond the visual system participate (e.g., 

the amygdala’s involvement in expression processing; Adolphs, 1999; Pessoa & Adolphs, 

2010). 

The notion of a shared system for facial expression and facial identity processing is 

supported by studies showing interference effects between processing of the two face aspects. 

Schweinberger and colleagues (Schweinberger, Burton, & Kelly, 1999; Schweinberger & 

Soukup, 1998) observed asymmetric interference between facial expression and facial 

identity in a Garner-type speeded classification task, in which participants saw face stimuli 

one by one and had to classify either the identity (person A or B) or expression (anger or 

happiness). Participants could attend to facial identity and successfully ignore facial 

expression, but they struggled to ignore facial identity when trying to attend to facial 

expression. Other researchers observed symmetric interference in a sequential matching task, 

in which participants had to judge whether successively presented stimuli showed the same or 

different identities or the same or different facial expressions whilst ignoring the task-
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irrelevant facial attribute (e.g., Fisher, Towler, & Eimer, 2016; 2017; Ganel & Goshen-

Gottstein, 2004). Participants’ ability to match facial identity was disrupted by changes in 

facial expression and their ability to match facial expression was similarly disrupted by 

changes in facial identity. Both interference effects show that changes in one aspect of the 

face (be it identity or expression) that is task-irrelevant cannot be completely ignored, 

suggesting that facial expression and facial identity processing may not be entirely 

independent.  

There is also neurophysiological data that supports the notion of a shared system for 

facial expression and facial identity processing. For instance, Fisher and colleagues (Fisher et 

al., 2016; 2017) found that the N250r (an ERP component that is thought to reflect the 

deployment of identity matching mechanisms) was modulated by task-irrelevant changes in 

facial expression in a facial identity matching task. Specifically, during repetitions of facial 

identity, the N250r was delayed and attenuated when facial expression changed as compared 

to when expression was repeated. This finding suggests that changes in facial expression may 

interfere with facial identity matching (counter to the conclusions drawn from earlier ERP 

components, like the N170; Eimer et al., 2003; Eimer & Holmes, 2002; Holmes et al., 2003), 

suggesting that facial expression and facial identity may be processed by shared mechanisms. 

Further support for a shared system comes from modelling studies. For instance, 

Calder and colleagues submitted a standardised set of faces (the pictures of facial affect, 

POFA; Ekman & Friesen, 1976) to a principal component analysis of their pixel intensities 

(Calder, Burton, Miller, Young, & Akamatsu, 2001). The output revealed that some principal 

components mainly coded facial identity or facial expression, but other components coded 

both face aspects, suggesting that some facial information is used in both facial identity and 

facial expression processing. These results imply that it may be possible for a shared system 

to process both facial expression and facial identity. 

More recent support comes from evidence of similar developmental trajectories for 

facial identity and facial expression processing (Dalrymple, di Oleggio Castello, Elison, & 

Gobbini, 2017). Dalrymple and colleagues observed comparable improvements in children’s 

speed and accuracy on facial expression and facial identity discrimination tasks from ages 

five through to twelve, suggesting that facial identity and facial expression discrimination 

develop at similar rates in childhood. As the authors note, however, these findings do not rule 

out the possibility that facial expression and facial identity processing rely on independent 

systems that mature at the same rate.  
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Overall, the conflicting support for independent systems versus a shared processing 

system for facial expression and facial identity emphasises that this debate is far from being 

settled. Much like the studies with acquired prosopagnosic patients, investigations into 

developmental prosopagnosics’ ability to process facial expression and facial identity can 

also contribute to the debate. Normal facial expression processing in prosopagnosia would 

imply that facial expression and facial identity processing depend on independent 

mechanisms. Conversely, impaired facial expression processing in prosopagnosia would be 

consistent with the notion that facial expression and facial identity processing rely on shared 

mechanisms. Such inquiries will inform the debate about independent systems versus a 

shared system by revealing whether there is a dissociation between facial expression and 

facial identity processing in prosopagnosia. Moreover, these inquiries will advance our 

general understanding of how face processing works both in prosopagnosics and normal 

individuals.  

 

1.2 Past studies of facial expression processing in prosopagnosia  
 

To date, facial expression processing in prosopagnosia has been examined in 20 

studies (for a complete list see Table A1 in Appendix A). Some of these studies report normal 

expression processing (e.g., Duchaine, Parker, & Nakayama, 2003; Lee, Duchaine, Wilson, 

& Nakayama, 2010; Palermo et al., 2011), while others report impaired performance (e.g., 

Biotti & Cook, 2016; Duchaine et al., 2006; Schmalzl, Palermo, & Coltheart, 2008). These 

mixed findings make it unclear whether facial expression and facial identity processing 

dissociate in prosopagnosia. More importantly, the majority of past studies suffer from six 

critical limitations. These are (1) not checking whether prosopagnosics engage typical 

mechanisms to process facial expression, (2) circular analysis of prosopagnosics’ facial 

identity recognition, (3) only using static stimuli (e.g., images) to assess facial expression 

processing, (4) not accounting for the impact of autism traits on facial expression processing, 

(5) using a limited number and variety of facial expression tasks, and (6) testing small 

samples. Below I expand on each limitation.  

 Failure to examine mechanism. Previous studies examined whether prosopagnosics 

were able to process facial expression as well as controls, but none of these studies (except 

one) tested how prosopagnosics did it. This limitation is particularly relevant for studies that 

report intact facial expression processing because prosopagnosics might have achieved 

normal performance by relying on atypical, compensatory mechanisms. If they do rely on 
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such mechanisms, then this would suggest that facial expression processing is abnormal in 

prosopagnosia. This limitation can be addressed by comparing performance on trials in which 

faces are presented upright versus an inverted orientation (i.e., upside-down). This 

comparison is motivated by a classic hallmark of typical face processing called the “face 

inversion effect” in which facial identity is much harder to recognise in inverted faces than in 

upright faces (Yin, 1969). The face inversion effect suggests that upright facial identity is 

typically processed as a whole (Rossion, 2008; Yin, 1969) and that inverting faces disrupts 

these holistic processes. The inversion effect also occurs for facial expression, suggesting that 

we engage holistic mechanisms when processing upright facial expression (e.g., Ambadar, 

Schooler, & Cohn, 2005; McKelvie, 1995; Palermo, O’Connor, Davis, Irons, & McKone, 

2013). In this thesis, I test whether prosopagnosics are using similar facial expression 

processing mechanisms as controls by comparing the size of their inversion effects. Similar-

sized inversion effects in prosopagnosics and controls would suggest that prosopagnosics use 

typical mechanisms to process facial expression. Conversely, if prosopagnosics show reduced 

inversion effects compared to controls’, then this would suggest that they use atypical 

mechanisms, such as those that rely less on holistic processing and are not dependent on the 

upright orientation of faces. 

Circular analysis. Most past studies suffer from the circular analysis of 

prosopagnosics’ facial identity processing (12 out of 20 studies, see Table A1 in Appendix 

A). Circular analysis (or more colloquially, 'double dipping') is using the same data set twice 

for selection and selective analyses (Kriegeskorte, Lindquist, Nichols, Poldrack, & Vul, 

2010; Kriegeskorte, Simmons, Bellgowan, & Baker, 2009). Circular analysis has been a 

problem for neuroimaging studies when researchers use the same measurements for selecting 

voxels and for subsequent analyses. Circular analysis is also relevant for prosopagnosia 

studies because it can occur when working with unique populations that require diagnostic 

screening. Researchers typically agree that individuals fit diagnostic criteria for 

prosopagnosia if their performance on a facial identity recognition task is below a certain 

threshold (e.g., 1.75–2 standard deviations below a neurotypical control sample’s mean). If, 

however, researchers reuse prosopagnosics’ diagnostic performance and contrast it against 

their facial expression performance, then researchers are biased towards reporting statistically 

inflated dissociations between the two face aspects. This bias is present because the size of 

the facial identity deficit is pre-determined by the diagnostic cut-off. In this thesis, I combat 

circular analysis by measuring facial identity processing in prosopagnosics with independent 

tasks that were not used in diagnostic testing. 
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Only using static stimuli. The third limitation is that all past studies only used static 

stimuli. Because facial expressions are naturally transient and changeable, it is important to 

also use dynamic stimuli (Johnston, Mayes, Hughes, & Young, 2013; Kilts, Egan, Gideon, 

Ely, & Hoffman, 2003; Recio, Sommer, & Schacht, 2011). Additionally, testing with static 

and dynamic stimuli is important because the two types of stimuli engage different brain 

regions. The ventral face processing stream (which includes the FFA) is implicated in 

processing static facial attributes, whereas the dorsal stream (which includes the posterior 

STS; pSTS) is more involved in processing dynamic facial information (Duchaine & Yovel, 

2015; Pitcher, Dilks, Saxe, Triantafyllou, & Kanwisher, 2011). This distinction has been 

demonstrated in acquired prosopagnosics (patients HJA and PS) who experienced head 

trauma to ventral regions of the brain (presumably leaving the more dorsally located STS 

intact; Humphreys et al., 1993 & Richoz, Jack, Garrod, Schyns, & Caldara, 2015). These 

patients showed impaired facial expression recognition from static stimuli, but normal 

recognition from dynamic stimuli. In this thesis, I use static and dynamic facial expression 

stimuli to afford a richer, more ecologically valid assessment of facial expression processing 

in prosopagnosia, and in doing so, I also provide novel insight regarding whether these 

abilities can dissociate in prosopagnosia. 

Not accounting for autism traits. Past studies typically did not account for the 

influence of co-occurring autism traits on facial expression processing. A plethora of research 

suggests that autism is associated face processing deficits (Dawson, Webb, & McPartland, 

2005; Golarai, Grill-Spector, & Reiss, 2006; Hedley, Brewer, & Young, 2011; Weigelt, 

Koldewyn, & Kanwisher, 2012), including facial expression processing deficits (Humphreys, 

Minshew, Leonard, & Behrmann, 2007; Kennedy & Adolphs, 2012; Loth et al., 2018; Lozier, 

Vanmeter, & Marsh, 2014; Uljarevic & Hamilton, 2013; Wingenbach, Ashwin, & Brosnan, 

2017). Moreover, the prevalence of autism is higher in prosopagnosia than in the general 

population (Barton et al., 2004; Duchaine, Murray, Turner, White, & Garrido, 2009; Kracke, 

1994; Schultz, 2005). Surprisingly, only six of the 20 past studies measured autism traits in 

their prosopagnosic samples (these studies are listed in Table A1 of Appendix A). In studies 

that did not measure autism traits, it is unclear whether prosopagnosics’ facial expression 

processing deficits resulted from the confounding impact of autism traits. Therefore, 

researchers investigating facial expression processing in prosopagnosia should measure 

autism traits to either exclude prosopanosics with co-occurring autism or examine whether 

their scores on a measure of autism traits correlates with their performance on facial 

expression tasks. In this thesis I do just that—I use prosopagnosics’ scores on a measure of 



FACIAL EXPRESSION PROCESSING IN PROSOPAGNOSIA 
 

 10 
 

autism traits to see if they can account for the prosopagnosics’ performance on facial 

expression tasks.  

Limited number and variety of tasks. Previous researchers typically used few facial 

expression tasks. In most studies (13 out of 20, see Table A1 in Appendix A), researchers 

only used one task because facial expression processing was not the focus of investigation 

(e.g., Jones & Tranel, 2001; Nunn, Postma, & Pearson, 2001; Schmalzl et al., 2008). Of the 

studies that were focused on facial expression processing, the most tasks used was four 

(Duchaine et al., 2003; Palermo et al., 2011). Duchaine and colleagues (2003) tested NM, a 

40-year-old woman, using six facial identity recognition tasks and four facial expression 

tasks. The facial expression tasks varied on expression intensity, task format (matching vs. 

labelling), amount of facial information presented (whole-face vs. eye-region), and type of 

expression (basic vs. complex). Duchaine and colleagues were able to conclude that NM's 

facial expression processing is normal because her performance was consistent across several 

tasks that assess multiple aspects of facial expression processing. In this thesis, I use multiple 

and varied facial expression tasks to draw more robust conclusions, and to determine whether 

specific expression processes are impaired in prosopagnosia (e.g., expression perception vs 

expression recognition).  

Small sample sizes. The final limitation is that all past studies tested relatively small 

sample sizes. Most studies tested either single cases or less than eleven prosopagnosics (17 

out of 20 studies, see Table A1 in Appendix A), and the largest sample so far was 17 

prosopagnosics (Biotti & Cook 2016). While studies with single-cases and small samples can 

be informative, a large sample is valuable for two reasons. First, it allows for a more precise 

estimate of prosopagnosics’ ability to process facial expression. Second, it increases 

statistical power to detect subtle facial expression processing deficits. In this thesis, I test a 

much larger prosopagnosic sample than ever before. 

Overall, many studies have investigated facial expression processing in 

prosopagnosia. However, it remains unclear whether the ability to process facial expression is 

intact or impaired in prosopagnosia because all past studies were undermined by one or more 

of the above limitations. Future studies must address and overcome these limitations to draw 

stronger and more precise conclusions about facial expression processing in prosopagnosia.  
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1.3 Thesis overview 
 

In this thesis, I investigate facial expression processing in prosopagnosia across two 

studies that, together, address the six limitations of past research. First, I test prosopagnosics 

with facial expression tasks that present trials both in an upright and an inverted orientation, 

which addresses whether prosopagnosics use similar mechanisms as controls to process facial 

expression. Second, I avoid circular analysis by testing prosopagnosics with a set of facial 

identity tasks that are independent of those used to diagnose their prosopagnosia. Third, I 

investigate prosopagnosics facial expression processing using static and dynamic stimuli. 

Fourth, I account for the potential influence of autism traits on prosopagnosics facial 

expression processing. Fifth, I use a large and varied selection of sensitive tasks that assess 

multiple aspects of facial expression processing. Lastly, I test 124 prosopagnosics—a sample 

size 7 times larger than the largest study to date. Below, I outline the two studies before 

presenting them in more detail in separate chapters. 

Study 1: Facial expression vs facial identity perception. The aim of Study 1 is to 

compare prosopagnosics’ ability to perceive facial expression against their ability to perceive 

facial identity. To do this, I use a set of three perceptual tasks: a simultaneous matching task, 

a sequential matching task, and a sorting task. Each task contrasts expression and identity 

perception within the same experimental format and difficulty level. Each task also presents 

trials upright and inverted, which enables me to measure inversion effects as a way to test 

whether prosopagnosics use typical face mechanisms when processing facial expression and 

facial identity. This experimental design allows me to determine whether facial expression 

and facial identity perception dissociate in prosopagnosia, and whether prosopagnosics use 

atypical face mechanisms for either expression and/or identity. I also examine whether facial 

expression deficits, should they occur, can be accounted for by co-occurring autism traits. 

Lastly, I provide an estimate of the proportion of prosopagnosics with facial expression 

perception deficits. 

Study 2: Facial expression recognition for basic and complex expressions with 

static and dynamic stimuli. In Study 2, I extend the aim of Study 1 by assessing 

prosopagnosics’ facial expression processing using four recognition tasks. All recognition 

tasks involve labelling, which require not only the perceptual ability to discriminate between 

expressions, but also recognition processes to assign verbal labels to specific expressions. 

Another aim of Study 2 is to provide a more complete analysis of prosopagnosics’ facial 

expression processing in two novel ways. First, I contrast prosopagnosics’ ability to 
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recognise facial expressions from static versus dynamic stimuli. Second, I contrast 

prosopagnosics’ ability to label basic expressions (e.g., angry, happy, and sad) versus 

complex expressions (e.g., elated, mortified, and despondent). No researchers have 

investigated these two aspects of facial expression processing in prosopagnosia, so Study 2 

will provide novel insights into prosopagnosics’ ability to recognise static versus dynamic 

expressions, and basic versus complex expressions. Similar to Study 1, all tasks present trials 

upright and inverted, which enables me to compute inversion effects and gauge whether 

prosopagnosics engage typical face mechanisms when recognising facial expressions. As in 

Study 1, I check whether autism traits can account for facial expression deficits, should they 

exist. Lastly, I provide an estimate of the proportion of prosopagnosics with facial expression 

recognition deficits. 

Together, Studies 1 and 2 will reveal whether prosopagnosics have normal facial 

expression processing. If prosopagnosics demonstrate normal performance on all seven 

expression tasks across Studies 1 and 2, then this will constitute strong evidence that 

prosopagnosics’ facial expression processing is intact. In contrast, if prosopagnosics’ 

performance on the facial expression tasks is impaired in Study 1 and/or 2, then this will this 

indicate that prosopagnosics have facial expression processing deficits. 
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Chapter 2: Study 1 
 

In Study 1, I contrast prosopagnosics’ ability to perceive facial expression and facial 

identity. I do this using three perceptual tasks that are equated for format and difficulty across 

their expression and identity versions. There were two specific aims of Study 1. First, to 

investigate prosopagnosics’ ability to perceive facial expression and facial identity and 

determine whether these perceptual processes dissociate in prosopagnosia. Second, to 

determine whether prosopagnosics use typical face mechanisms to process facial expression 

and facial identity. 

Study 1 has important theoretical implications for the ongoing discussion about 

whether facial expression and facial identity are processed via independent mechanisms 

(Bruce & Young, 1986; Haxby et al., 2000) or via shared mechanisms (Calder, 2011; Calder 

& Young, 2005). If there is a dissociation between prosopagnosics’ ability to process facial 

expression and facial identity, then they should perform more poorly on the facial identity 

tasks than on the facial expression tasks, relative to controls. Such a dissociation would 

support the notion of independent processing systems. Alternatively, if prosopagnosics’ 

ability to process facial expression and facial identity associate, then they should perform 

similarly on the facial expression and facial identity tasks. The latter finding would support 

the notion of a shared processing system. 

Study 1 will also reveal whether prosopagnosics and controls use typical face 

mechanisms to process facial expression and facial identity. By comparing inversion effects 

in the two groups, I can determine whether prosopagnosics engage similar or different 

mechanisms to process facial expression and facial identity as controls. For instance, if 

prosopagnosics and controls engage similar mechanisms to process facial expression, then 

they will show similar-sized inversion effects for facial expression. In contrast, if 

prosopagnosics engage different mechanisms than controls to process facial expression, then 

prosopagnosics will have smaller inversion effects, reflecting atypical face processing. 

Unlike the majority of past studies, I examine the relationship between 

prosopagnosics’ autism traits and their performance on the facial expression tasks. Facial 

expression processing deficits are known to be associated with autism (Humphreys et al., 

2007; Kennedy & Adolphs, 2012; Loth et al., 2018; Lozier et al., 2014; Uljarevic & 

Hamilton, 2013; Wingenbach et al., 2017). Therefore, if the prosopagnosics demonstrate 

impaired performance on the facial expression tasks, then it is important to determine 
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whether the expression deficits are a feature of prosopagnosia, or are the result of co-

occurring autism traits.  

Lastly, with the results of Study 1, I calculate a precise estimate of the prevalence of 

facial expression perception deficits in prosopagnosia. Unlike past studies, I can provide such 

an estimate because I test a large prosopagnosic sample and I do not commit circular analysis 

with the prosopagnosics’ facial identity performance. 

 

2.1 Method 
 

Prosopagnosic participants. I sourced potential prosopagnosic participants through 

an online worldwide database for individuals who report difficulty recognising faces 

(www.faceblind.org). I recruited only participants aged 18-52 years to avoid testing older 

individuals who may have age-associated cognitive decline, which can confound 

performance on a range of challenging cognitive tasks (e.g., Deary et al., 2009; Hartshrone & 

Germine, 2015). My inclusion criteria for prosopagnosia were (1) subjective complaints of 

lifetime problems recognising faces, (2) an impaired score on a well-validated scale of 

prosopagnosia traits (the Prosopagnosia Index 20-item; PI-20, Shah, Gaule, Sowden, Bird, & 

Cook, 2015), and (3) impaired scores on two objective tests of facial identity recognition, 

namely, the Cambridge Face Memory Test (CFMT; Duchaine & Nakayama, 2006) and a 

famous faces test (FFT; Duchaine & Nakayama, 2005). I considered scores on the CFMT and 

FFT to reflect impairment if they were 1.75 standard deviations below mean scores from 

neurotypical control samples. My exclusion criteria were (1) a reported history of brain 

damage (e.g., encephalitis), and/or (2) broader problems of visual processing as captured by 

the Leuven Perceptual Organisation Screening Test (L-POST; Torfs, Vancleef, Lafosse, 

Wagemans, & de-Wit, 2014). In addition, I measured autism traits using the Subthreshold 

Autism Trait Questionnaire (SATQ; Kanne, Wang, & Christ, 2012), a self-report measure 

that assesses a broad range of subthreshold autism traits. I used the SATQ over other, more 

commonly used autism measures (like the Autism-Spectrum Quotient; Baron-Cohen, 

Wheelwright, Skinner, Martin, & Clubley, 2001) because it is brief, easy to complete, and is 

relevant to the general population (Kanne et al., 2012; Nishiyama et al., 2014). These scores 

will be used to examine whether autism traits can account for facial expression deficits, if 

they exist. 

A total of 128 prosopagnosics who met the diagnostic criteria above completed Study 

1 online on Testable (www.testable.org), a web-based platform for running behavioural 
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studies. I excluded three prosopagnosics from analysis because two attempted the tasks once 

prior to fully completing them, and one reported being disrupted for an extended period while 

completing the tasks. The final sample comprised 124 prosopagnosics (80 women, 39 men, 5 

other). Their scores on the diagnostic tests are presented in Table 1. The mean age was 38.07 

years old (SD = 9.48, range 20–52 years old). Most prosopagnosics were from the USA (n = 

89); the rest were from the UK (n = 18), Canada (n = 10), Germany (n = 6) and France (n = 

1). Prosopagnosics’ education levels included high school or equivalent (n = 6), college or 

technical school (n = 26), bachelor’s degree (n = 47) and master’s/doctorate degree (n = 45). I 

compensated prosopagnosics 10 or 12 US dollars (USD) in the form of an Amazon gift card 

(www.Amazon.com)1.    

 

Table 1. Study 1 prosopagnosics’ diagnostic test scores. 

Diagnostic 
test 

Diagnostic cut-off Score  

M (SD) 

Range Control data 

n, M (SD)  

 
CFMT 

 
=/< 42 (out of 72) 

 
35.55 (4.18) 

 
17–41 

 
n = 47, 54.30 (7.27) 

FFT =/< 58.00% 28.80% (13.16) 0.00%–57.14%  n = 97, 78.65% (11.60%) 

PI-20 =/> 60 81.43 (6.27) 64–93  n = 242, 38.90 (10.88) 

L-POST Impaired 
performance on =/> 
4 subtests  

Impaired on 
0.80 (0.98) 
subtests 

Impaired on 0–
3 subtests 

NA 

Note. I collected control data for the CFMT and FFT from Amazon Mechanical Turk samples. PI-20 control 
data was sourced from Shah et al., 2015. 
 

Control participants. I collected control data via online testing methods. A total of 

251 individuals located in North America participated via Amazon Mechanical Turk (mTurk; 

www.mturk.com). I used mTurk to recruit control participants for two reasons. First, online 

data collected from mTurk is comparable to those obtained from traditional lab-based 

methods for many areas in psychology (Buhrmester, Kwang, & Gosling, 2011; Goodman, 

Cryder, & Cheema, 2012), including face processing (Germine et al., 2012; Rezlescu, Susilo, 

                                                
1 Prosopagnosics either received 10 or 12 (USD) depending on whether they completed five (n = 71) or 6 tasks 
(n = 53), respectively. Some prosopagnosics only completed 5 tasks if they had already completed the facial 
identity sorting task in a previous study conducted in Dr Tirta Susilo’s lab. 
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Wilmer, & Caramazza, 2017; Susilo, Germine, & Duchaine, 2013) and prosopagnosia (Biotti 

et al., 2017; Rezlescu, Susilo, Barton, & Duchaine, 2014). Second, mTurk affords more time- 

and cost-efficient data collection compared to lab-based methods. In addition to the six 

experimental tasks, controls also completed the CFMT to screen out any individuals who 

may have prosopagnosia. I excluded data from controls if they were older than 52 years of 

age (n = 43) or potentially prosopagnosic as indicated by impaired scores on the CFMT (n = 

35). To further enhance data quality, I also screened out controls who did not engage with the 

tasks, as indexed by accuracy performance at or below chance level for a given task (n = 40).  

The final control sample comprised 133 individuals (89 woman, 44 men). The mean 

age of the controls was 36.88 years old (SD = 7.58, range 21–52 years old), which did not 

differ from the mean age of the prosopagnosics, t (255) = 1.12, p = .266, d = .14. The 

controls’ gender distribution did not differ from the prosopagnosics’, c2 (1) = 0.39, p = .531, 

 < .01. Controls’ education levels included high school or equivalent (n = 32), college or 

technical school (n = 41), bachelor’s degree (n = 45), and master’s/doctorate degree (n = 15). 

Controls and prosopagnosics’ education levels significantly differed, with prosopagnosics 

having a higher education level than controls’, c2 (1) = 34.40, p < .001,  = .12. However, 

differences in education level should not impact the results because face recognition and IQ 

are weakly related (Wilmer et al., 2010; Zhu et al. 2010). Relative to controls, prosopagnosics 

had lower CFMT scores (Mcontrol = 59.31, SDcontrol = 7.66; Mprosopagnosic = 35.50, SDprosopagnosic 

= 4.28; t(255) = 30.60, p < .001, d = 3.82). I compensated control participants six USD for 

participating. Although I compensated mTurk participants less than prosopagnosics, this 

should not affect the results because differences in compensation rate do not impact data 

quality (but do, however, impact participation rate; Buhrmester et al., 2011; Mason & Watts, 

2009).  

All participants provided consent to participate by clicking an ‘agree’ button 

presented below the digital consent form. On completing the tasks, participants were linked 

to a debriefing form. This study was approved by the School of Psychology Human Ethics 

Committee under delegated authority of Victoria University of Wellington’s Human Ethics 

Committee. 
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2.2 Materials and procedure  
 

Study 1 included three facial expression and three facial identity perception tasks. For 

each face aspect (expression and identity), I used three different task formats: a simultaneous 

matching task, a sequential matching task, and a sorting task. These tasks were validated in 

separate control samples prior to the main experiment to ensure that (1) they did not show 

ceiling or floor effects, (2) they produced sizeable inversion effects, and (3) that the 

expression and identity versions of each task format were matched for difficulty. The 

validation process is detailed in section B.1 of Appendix B. 

All participants completed Study 1 on Testable. In total, each participant completed 

six tasks that were counterbalanced for order. For each task, participants completed trials that 

were presented in an upright and inverted orientation. Trial orientation was either blocked 

and counterbalanced for block order (the simultaneous and the sequential matching tasks) or 

was intermixed within a single block (the sorting tasks). Below, I detail each task format.   

Simultaneous matching tasks. In the simultaneous matching tasks, participants 

viewed three horizontally aligned faces and then selected the face that showed either the 

‘odd-expression’ out (expression task) or ‘odd-identity’ out (identity task).  

Expression simultaneous matching task. In the expression task (Figure 2), the three 

faces belonged to three different individuals, but two faces displayed the same expression and 

one displayed a different expression. The expressions were either happy, sad, angry, surprise, 

disgust, or fear. This task was modified from Palermo and colleagues’ (2013) version and 

details of these modifications are provided in Appendix C.  

 

 
 
Figure 2. Example of a trial from the expression simultaneous matching task. The target face (centre) shows 
anger and the two distractor faces (left and right) show happiness.  
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In a trial, the three faces appeared on screen for 4500 ms. Participants responded by 

pressing the “1”, “2”, or “3” key on a keyboard to select the first, second, or third face, 

respectively. Participants could respond while or after the faces were shown. An inter-trial-

interval (ITI) of 500 ms separated trials. For each task, participants completed a total of 120 

trials, which comprised 60 trials with the faces in an upright orientation and 60 in an inverted 

orientation. They completed the upright and inverted trials in two separate blocks that were 

counterbalanced for order. The order of trials within each block was randomised.  

Identity simultaneous matching task. In the identity task (Figure 3), the faces 

displayed three different expressions, but two of the faces belonged to the same individual, 

and the other face belonged to a different individual. I created the identity task using the same 

stimulus set as that used in the expression task (the Karolinska Directed Emotional Faces 

database; Lundqvist, Flykt, & Öhman, 1998). The details of my method for creating the 

identity task are in Appendix C. The procedure for the identity task was the same as the 

expression task. 

 

 
 
Figure 3. Example of a trial from the identity simultaneous matching task. The target face (centre) shows a 
different identity (or person) to the two distractor faces (left and right) which show the same identity. 
 

Sequential matching tasks. In the sequential matching tasks, participants viewed two 

faces in quick succession and judged whether they showed the same or different expressions 

(expression task) or identities (identity task). These tasks were created by Garrido and 

colleagues (2009). 

Expression sequential matching task. In the expression task, participants had to 

ignore the identities of the faces and focus on their expressions. The expressions were either 

happy, sad, angry, surprise, disgust, or fear. On every trial, the identities of the two faces 

differed. An example trial is depicted in Figure 4.  
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Figure 4. Schematic representation of a trial from the sequential matching tasks. In the expression task, the 
correct response would be “different” because the first face shows anger and the second shows surprise. In the 
facial identity task, the correct response would also be “different” as the two faces belong to different 
individuals.    
 

In the expression task, the first face was shown for 500 ms, then after a 500 ms inter-

stimulus interval (ISI), the second face was also shown for 500 ms. Participants responded by 

pressing the “1” or “2” key on the keyboard to indicate whether the two faces displayed the 

same or different expression/s, respectively. An ITI of 500 ms separated trials. The stimulus 

set comprised 36 greyscale images of six female actors displaying the six basic expressions. 

Participants completed a total of 144 trials, which comprised 72 trials with the faces shown in 

an upright orientation and 72 trials with the faces in an inverted orientation. Participants 

completed the upright and inverted trials in two separate blocks that were counterbalanced 

for. The order of trials within each block was randomised.  

Identity sequential matching task. In the identity task, participants had to ignore the 

expressions displayed on the faces and focus on their identities. There were six different 

identities shown throughout the task (to mirror the number of expressions shown). On every 

trial, the expressions displayed on the two faces differed (as shown in Figure 4). The 

procedure and stimulus set for the identity task was the same as the expression task, except 

now participants responded by pressing “1” or “2” key on the keyboard to indicate whether 

the two faces showed the same or different identities, respectively.  

Sorting Tasks. In the sorting tasks, participants viewed a target face (shown at a ¾ 

viewpoint) presented above six morphed faces (shown at full-front viewpoints). Their task 
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was to sort the six faces with regards to their similarity in expression (expression task) or 

identity (identity task) to the target face.  

Expression sorting task. In the expression task, the target face displayed an 

expression at full intensity (e.g., anger at 100% intensity) and the six morph faces showed the 

same actor displaying the same expression, but at systematically differing intensities (e.g., 

one face might show a morph between 50% anger and 50% neutral). The target faces’ 

expression on a given trial was either angry, sad, happy, or fear. An example trial is shown in 

Figure 5. Sorting tasks for each basic expression were created by Rezlescu and Susilo (in-

house development), in which all trials of the task involved sorting faces based on their 

similarity to a specific expression (e.g., the angry sorting task was used in Janik, Rezlescu, & 

Banissy, 2015). To create the expression sorting task used in Study 1, I made two minor 

modifications to the original expression sorting tasks. First, I included a target face to match 

the format of the identity sorting task. The original expression sorting tasks did not show a 

target face, instead, participants were instructed what expression to sort the faces by. Second, 

I used multiple expressions in the task, instead of just one expression. 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
Figure 5. Example of a trial from the facial expression sorting task. If the faces were numbered from 1 to 6 
starting from the left face, then the correct sort order for this trial would be face #5, #4, #2, #1, #3, and #6. 

 

In the expression sorting task, participants had a maximum of 40 seconds to complete 

each trial. Participants sorted the morph faces from most to least similar (left to right) to the 

target face by clicking and dragging them using a computer mouse. Participants could 

proceed to the next trial before the current trial had timed out if they believed they had sorted 

the faces correctly. Each trial began with the morph faces presented in a pre-randomised 
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order in which the total number of deviations from their correctly sorted order was equal to 

12. Participants completed 16 experimental trials (eight with the faces in an upright 

orientation and eight in an inverted orientation). The order of the trials was randomised 

within a single block.  

Identity sorting task. In the identity task (also known as the Cambridge Face 

Perception Task, Duchaine, Germine, & Nakayama 2007), the six faces to sort were morphs 

between the target face’s identity and six other face identities. The six faces were morphed in 

varying proportions so that they systematically differed in similarity to the target face’s 

identity (e.g., one morph face might differ from the target face’s identity by 12%, another by 

24%, and another by 36%). A sample trial is depicted in Figure 6. The procedure of the 

identity task was the same as the expression task. 

 

 

 
  
 
 
 
 
 
 
 
 

 
Figure 6. Example of a trial from the facial identity sorting task. If the faces were numbered from 1 to 6 starting 
from the left face, then the correct sort order for this trial would be face #2, #3, #6, #1, #4, and #5. 
 
2.3 Results 
 

I performed all analyses using Jamovi version 0.8 (Jamovi project, 2017) unless 

otherwise stated. I calculated percent accuracy for the upright and inverted condition of each 

task. For response time, I calculated trimmed means and medians from correct trials only. To 

calculate trimmed means, I removed response times 3 SDs greater or less than the mean for a 

given condition of a task for each participant. I calculated inversion effects (the difference 

between performance on upright and inverted trials) for percent accuracy and response time 

for each task. ANOVA results are Greenhouse-Geisser corrected where necessary. For 

independent t-tests, I calculated Cohen’s d as a measure of effect size, and for dependent 
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t-tests, I calculated dz (Lakens, 2013). dz represents the mean difference divided by the 

standard deviation of the mean difference.  

Descriptive statistics for controls’ and prosopagnosics’ performance on all tasks are 

reported in sections B.2 and B.3, respectively, of Appendix B. In section B.2 I also provide 

analyses that show that controls’ performance on the tasks (1) did not show ceiling or floor 

effects, (2) produced sizeable inversion effects, and (3) were comparable across expression 

and identity versions of each task. 

 

2.3.1 Do facial expression and facial identity perception dissociate in prosopagnosia? 
 

First, I wanted to address the question of whether prosopagnosics’ abilities to perceive 

facial expression and facial identity dissociate. To do this I compared their performance on 

the facial expression and facial identity tasks, focusing on upright trials. 

 Accuracy. I ran a 2 (face aspect: expression, identity) x 3 (task format: simultaneous 

matching, sequential matching, sorting) x 2 (group: prosopagnosia, control) mixed-design 

analysis of variance (ANOVA) on accuracy scores for upright trials, with face aspect and task 

format as within-subjects factors, and group as the between-subjects factor. There were 

significant main effects of face aspect (F(1, 255) = 15.21, p < .001,  = .06), group (F(1, 

255) = 48.10, p < .001,  = .16), and task format (F(1.85, 471.87) = 204.155, p < .001,  

= .45). The main effects were qualified by significant two-way interactions between face 

aspect and group (F(1, 255) = 51.00, p < .001,  = .17), task format and group (F(2, 510) = 

8.08, p < .001,  = .03), and face aspect and task format (F(1.86, 473.97) = 47.07, p < .001, 

 = .16). However, the three-way interaction between face aspect, group, and task format 

was not significant, F(2, 510) = 0.29, p = .752,  < .01. Because the three-way interaction 

was not significant, and because my aim was to contrast facial expression perception against 

facial identity perception in prosopagnosics and controls, I examined the two-way interaction 

between face aspect and group, collapsing across task format2. Post hoc comparisons showed 

                                                
2 I ran additional analyses with the sequential matching tasks because it is a two-alternative forced choice task, 
which enables one to investigate performance using d’, a sensitivity measure. I obtained a similar result when 
analysing the sequential matching tasks using d’ (these supplementary analyses are detailed in section B.4 of 
Appendix B). 
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that, relative to controls, prosopagnosics performed more poorly on the facial identity tasks, 

showing a 9.28% drop in performance (Mcontrol  = 74.59%, SDcontrol = 7.64%; Mprosopagnosic = 

65.31%, SDprosopagnosic = 6.74%; t(255) = 10.30, p < .001, d = 1.29). Relative to controls, 

prosopagnosics also performed more poorly on the facial expression tasks, showing a 2.91%. 

drop in performance (Mcontrol = 73.15%, SDcontrol = 9.01%; Mprosopagnosic = 70.24%, 

SDprosopagnosic = 7.97%; t(255) = 2.73, p = .007, d = 0.34). However, as shown in Figure 7, the 

drop in prosopagnosics’ performance on the facial identity tasks is larger than the drop on the 

expression tasks, and this difference is what drives the interaction. I did not break down the 

two-way interactions between task format and group and between face aspect and task format 

because doing so will not inform whether the abilities to perceive facial expression and facial 

identity dissociate in prosopagnosia.  

 

 
 
Figure 7. Boxplots of prosopagnosics’ and controls’ accuracy on the facial expression (left) and facial identity 
(right) tasks for upright trials, collapsed across task formats. Points represent individual data. Diamonds 
represent the mean score for each condition. 
 

Response time. Although I am primarily interested in accuracy performance, I also 

analysed trimmed mean response times to check that differences in response time were not 

accounting for the pattern of results in accuracy. For instance, if prosopagnosics were slower 

on the facial expression tasks compared to the facial identity tasks, then this would suggest 

      Control     Prosopagnosic           Control     Prosopagnosic         Control     Prosopagnosic           Control     Prosopagnosic 

             Group 
    

                                          Face Aspect 
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that prosopagnosics’ better performance on the facial expression tasks may be achieved by 

more time consuming, compensatory strategies. Figure 8 shows the results. I ran a 2 (face 

aspect: expression, identity) x 2 (group: prosopagnosia, control) mixed-design ANOVA on 

response times for upright trials, with face aspect as the within-subjects factor and group as 

the between-subjects factor. There were significant main effects of group (F(1, 255) = 64.20, 

p < .001,  = .20) and face aspect (F(1, 255) = 26.23, p < .001,  = .09, and the interaction 

between face aspect and group was also significant (F(1, 255) = 3.40, p = .046,  = .02). To 

break down the interaction, I ran post hoc comparisons. Relative to controls’, 

prosopagnosics’ response times were slower on the facial expression tasks (Mcontrol = 8315 

ms, SDcontrol = 3170 ms; Mprosopagnosic = 11000 ms, SDprosopagnosic = 3430 ms; t(255) = 6.52, p < 

.001, d = 0.82), and the facial identity tasks (Mcontrol = 8743 ms, SDcontrol = 2975 ms; 

Mprosopagnosic = 11978 ms, SDprosopagnosic = 3045 ms; t(255) = 8.61, p < .001, d = 1.08). (Note 

that the response times across the three task formats are long because participants had a 

maximum of 40 seconds per trial to complete their response in the sorting task, and 

participants were not specifically instructed to respond quickly). Critically, as shown in 

Figure 8, prosopagnosics’ response times were even slower on the facial identity tasks than 

on the facial expression tasks compared to controls’ (a difference of 3235 ms in the facial 

identity tasks versus 2685 ms in the facial expression tasks). The dissociation between 

prosopagnosics’ response times on the facial expression and facial identity tasks mirrors the 

dissociation observed in accuracy, indicating that response time differences cannot account 

for the pattern of performance observed in accuracy. A similar result was obtained with 

median response times (these supplementary analyses are detailed in in section B.5 of 

Appendix B). 
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Figure 8. Boxplots of prosopagnosics’ and controls’ trimmed mean response times on the facial expression 
(left) and facial identity (right) tasks for upright trials, collapsed across task formats. Points represent individual 
data. Diamonds represent the mean score for each condition. 
 

Overall, prosopagnosics’ deficits for facial expression are smaller than those observed 

for facial identity. Importantly, speed-accuracy trade-offs do not account for this dissociation. 

This result suggests that the abilities to perceive facial expression and facial identity 

dissociate in prosopagnosia. With regard to prosopagnosics’ ability to process facial 

expression itself, because they show a small reduction in performance relative to controls, 

this suggests that prosopagnosics may have subtle deficits for facial expression perception.  

  

2.3.2 Do facial expression and facial identity mechanisms dissociate in prosopagnosia? 

  

The dissociation I observed above raises a question: do prosopagnosics use different 

mechanisms than controls for perceiving facial identity but similar mechanisms for 

perceiving facial expression? To address this question, I compared the size of inversion 

effects in the two groups across expression and identity tasks, collapsing across task formats. 

If prosopagnosics show similar-sized inversion effects to controls, then this would imply that 
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they use typical face mechanisms, whereas reduced inversion effects would suggest that they 

engage atypical, compensatory mechanisms.  

Accuracy. I calculated inversion effects (i.e., upright accuracy minus inverted 

accuracy) for prosopagnosics’ and controls’ performance on the facial expression and facial 

identity tasks. Figure 9 shows the results. I ran a 2 (face aspect: expression, identity) x 2 

(group: prosopagnosia, control) mixed-design ANOVA on inversion effects, with face aspect 

as the within-subjects factor and group as the between-subjects factor. This revealed 

significant main effects of face aspect (F(1, 255) = 4.45, p = .036,  = .02) and group (F(1, 

255) = 42.10, p < .001,  = .14), which were qualified by a significant interaction between 

face aspect and group, F(1,255) = 42.10, p < .001,  = .14. Post hoc comparisons revealed 

that, relative to controls, prosopagnosics showed similar inversion effects for facial 

expression (Mcontrol = 11.31%, SDcontrol = 6.26%; Mprosopagnosic = 10.03%, SDprosopagnosic = 

6.34%; (t(255) = 1.63, p = .105, d = 0.20), but smaller inversion effects for facial identity 

(Mcontrol = 12.72%, SDcontrol = 6.53%; Mprosopagnosic = 6.41%, SDprosopagnosic = 5.98%; t(255) = 

8.06, p < .001, d = 1.01). Importantly, prosopagnosics’ smaller inversion effects for facial 

identity are not an artefact of “restriction of range” 3, because their accuracy scores on the 

inverted conditions across all identity tasks are sufficiently above chance/floor level (refer to 

Table B3 in section B.3 of Appendix B). This finding suggests that prosopagnosics engage 

typical face mechanisms for facial expression, but resort to alternative, compensatory 

mechanisms for facial identity. 

 
 
 
 
 
 
 
 
 
 
 
 

                                                
3 See Crookes and McKone (2009) for a detailed discussion of “restriction of range” problems in the face 
processing literature. In brief, the problem of restriction of range has affected researchers’ ability to contrast 
face recognition ability in children and adults. Specifically, childrens’ performance typically suffers restriction 
of range (due to near floor performance on a basline condition, like performance on the upright condition of an 
inversion effect study; e.g., Carey, Diamond, & Woods, 1980), but adults performance often does not (their 
performance is usually below ceiling and above chance on the baseline condition; e.g., Carey, 1981).   
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Figure 9. Boxplots of prosopagnosics’ and controls’ inversion effects in accuracy on the facial expression (left) 
and facial identity (right) tasks, collapsed across task formats. Points represent individual data. Diamonds 
represent the mean score for each condition. 
 

Response times. Next, I calculated inversion effects from trimmed mean response 

times (i.e., upright response time minus inverted response time) to check whether differences 

in response time could account for the pattern of inversion effects in accuracy.  Figure 10 

shows the results. I ran a 2 (face aspect: expression, identity) x 2 (group: prosopagnosic, 

control) mixed-design ANOVA on response time inversion effects, with face aspect as the 

within-subjects factor and group as the between-subjects factor. There was a significant main 

effect of group, indicating that prosopagnosics’ inversion effects were larger across both the 

facial expression and facial identity tasks relative to controls (Mcontrol = 364 ms, SDcontrol = 

4013 ms; Mprosopagnosic = 479 ms, SDprosopagnosic = 1748 ms; F(1, 255) = 5.48, p = .020,  = 

.02). The main effect of face aspect (F(1, 255) = 1.19, p = .277,  < .01) and the interaction 

between face aspect and group were not significant (F(1, 255) = 0.97, p = .327,  < .01), 

indicating that the dissociation between facial expression and facial identity inversion effects 

in accuracy cannot be accounted for by response time differences. A similar result was 

2
ph

2
ph

2
ph

     Control     Prosopagnosic            Control     Prosopagnosic    

   
  I

nv
er

si
on

 E
ffe

ct
 (%

)  
  

                                          Face Aspect 
    

     Control     Prosopagnosic           Control     Prosopagnosic 

             Group 
    



FACIAL EXPRESSION PROCESSING IN PROSOPAGNOSIA 
 

 28 
 

obtained with median response times (these supplementary analyses are detailed in section 

B.5 of Appendix B). 

 

 

 
 
Figure 10. Boxplots of prosopagnosics’ and controls’ inversion effects in trimmed mean response times on the 
facial expression (left) and facial identity (right) tasks, collapsed across task formats. Points represent individual 
data. Diamonds represent the mean score for each condition. 
 

Overall, prosopagnosics’ inversion effects were reduced for facial identity, but were 

of similar size for facial expression relative to controls. Taken together, these results suggest 

that prosopagnosics may perceive facial expression from upright faces using similar 

specialised face mechanisms as controls, but that prosopagnosics may perceive facial identity 

using atypical, less effective mechanisms than controls.  

 

2.3.3 Is the subtle facial expression deficit a core feature of prosopagnosia?  

 

Although prosopagnosics performed better on the facial expression tasks than on the 

facial identity tasks, they still showed subtle deficits on the facial expression tasks compared 

to controls. Is this subtle deficit is a core feature of prosopagnosia, or a feature of other 

developmental conditions that co-occur with prosopagnosia such as autism? 
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To tackle this question, I began by comparing prosopagnosics’ SATQ scores (a self-

report measure of subthreshold autism traits, Kanne et al., 2012;) with those collected from a 

new control sample. I ran the SATQ with a sample of mTurk participants, which comprised 

49 individuals (30 women, 18 men, 1 other). Their mean age was 37.63 years old (SD = 6.89, 

range 29–51), which was comparable to the prosopagnosics’ mean age (t(171) = 0.30, p = 

.768, d = 0.05). Relative to controls’, prosopagnosics’ SATQ scores were higher, suggesting 

elevated rates of autism traits in prosopagnosia (Mcontrol = 23.38, SDcontrol = 11.51, range 0–65; 

Mprosopagnosic = 29.51 SDprosopagnosic = 14.05, range 6–67; t(171) = 2.71, p = .007, d = 0.46).  

Next, I ran two analyses. First, I correlated prosopagnosics’ SATQ scores with their 

performance on the upright trials of the facial expression and facial identity tasks. Figure 11 

shows the correlations. If the subtle facial expression deficits are a feature of prosopagnosia, 

then prosopagnosics’ SATQ scores should correlate (or not correlate) similarly with their 

scores on both the facial expression tasks and the facial identity tasks. However, if the subtle 

facial expression deficits are a feature of co-occurring autism traits, then prosopagnosics’ 

SATQ scores should correlate more strongly with their performance on the facial expression 

tasks than on the facial identity tasks. There was a negative correlation between 

prosopagnosics’ SATQ scores and their performance on the facial expression tasks, 

indicating that as autism traits increase, facial expression perception tends to worsen (r(122) 

= - .29, p = .001). Critically, there was no correlation between prosopagnosics’ SATQ scores 

and their performance on the facial identity tasks, r(122) = .03, p = .734 (the difference 

between the two correlations was significant, z = - 3.95; Lee & Preacher, 2013). This analysis 

suggests that the subtle facial expression deficits I observed is not a feature of prosopagnosia, 

but rather a feature of co-occurring autism traits. In addition, I ran the same analysis after 

removing scores from three scale items that specifically measured ‘Reading facial 

expressions’ to check that the significant correlation between prosoapgnosics SATQ scores 

and their performance on the facial expression tasks was not driven by these three items. 

Importantly, the same pattern of results was observed with these adjusted SATQ scores (these 

supplementary analyses are detailed in section B.6 of Appendix B).   
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Figure 11. Scatterplots with lines of best fit for prosopagnosics’ SATQ scores and their accuracy on the facial 
expression (left) and facial identity tasks (right) for upright trials, collapsed across task formats. Grey shading 
represents the 95% confidence interval. 
 

In a second analysis, I excluded prosopagnosics with high SATQ scores (indicating 

high levels of autism traits) from the sample to determine if this eliminates the 

prosopagnosics’ small facial expression deficits. I created a SATQ cut-off score using the 

abovementioned mTurk controls’ mean score, which was set at 1.75 standard deviations 

above the mean (i.e., at > 43.51). Using this cut-off, I excluded 24 prosopagnosics, leaving a 

sample of 100 prosopagnosics with SATQ scores below 43.514. With this adjusted sample of 

prosopagnosics, I ran a 2 (face aspect: expression, identity) x 2 (group: prosopagnosia, 

control) mixed-design ANOVA on accuracy for upright trials, with face aspect as the within-

subjects factor and group as the between-subjects factor. There were significant main effects 

of face aspect (F(1, 231) = 27.80, p < .001,  = .11) and group (F(1,231) = 36.50, p < .001, 

                                                
4 Controls did not complete the SATQ therefore I could not also remove high SATQ scoring controls. However, 
based on the control sample from which the SATQ cut-off score was generated, two out of 49 controls (4.08%) 
had scores above the cut-off. Using this estimate, I would have removed roughly five individuals from the Study 
1 control sample. The impact of five individuals would likely have slightly shifted up the controls performance 
on the facial expression tasks. This potential limitation also applies to the SATQ analyses in Study 2. 
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 = .14), which were qualified by a significant interaction between face aspect and group 

(F(1, 231) = 71.80, p < .001,  = .24). Post hoc comparisons showed that prosopagnosics’ 

and controls’ performance were now comparable on the facial expression tasks (Mcontrol = 

73.15%, SDcontrol = 9.01%; Mprosopagnosic = 71.45%, SDprosopagnosic = 7.36%; t(231) = 1.34, p = 

.125, d = 0.20), but prosopagnosics still performed worse on the facial identity tasks (Mcontrol 

= 74.59%, SDcontrol = 7.64%; Mprosopagnosic = 65.23%, SDprosopagnosic = 6.18%; t(231) = 10.03, p 

< .001, d = 1.33). Consistent with the prior correlation analysis, excluding prosopagnosics 

with high SATQ scores abolished the prosopagnosics’ subtle deficits for facial expression, 

but did not alter their larger deficits for facial identity processing. 

Together, these analyses suggest that autism traits can account for prosopagnosics’ 

subtle deficits in facial expression perception but cannot account for their larger deficits in 

facial identity perception. These results mean that the subtle facial expression perception 

deficits are not a core feature of prosopagnosia, but may be the result of co-occurring autism 

traits. 

 

2.3.4 Proportion of prosopagnosics with facial expression perception deficits 

 

In addition to the analyses above, I calculated composite z-scores to estimate of the 

proportion of prosopagnosics who have facial expression perception impairments. Such an 

estimate has not been possible in previous studies due to the circular analysis of facial 

identity processing ability and inadequate prosopagnosic sample sizes. I calculated z-scores 

(using the Study 1 control mean scores and standard deviations) for prosopagnosics’ 

performance on the upright trials of each facial expression and facial identity task. From 

these z-scores, I calculated prosopagnosics’ composite facial expression and facial identity z-

scores. Figure 12 shows the composite z-scores. I considered prosopagnosics as having 

impairments for perceiving a given face aspect if their composite z-scores were equal to or 

less than - 1.75. For facial expression, only one prosopagnosic had a z-score in the impaired 

range, whereas for facial identity, 13 prosopagnosics had z-scores in the impaired range. This 

means that out of every 13 prosopagnosics who have facial identity perception impairments, 

one prosopagnosic will have facial expression perception impairments. Therefore, it can be 

estimated that roughly 7.70% of prosopagnosics have facial expression perception 

impairments, suggesting that the majority of prosopagnosics have normal facial expression 

perception. 
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Figure 12. Boxplots of prosopagnosics’ composite z-scores on the facial expression (left) and facial identity 
(right) tasks for upright trials. Points represent individual data. Diamonds represent the mean score for each 
condition. The red dotted line marks -1.75 on the y-axis. 
 

2.4 Discussion 
 

There were two specific aims of Study 1. First, to investigate prosopagnosics’ ability 

to perceive facial expression and facial identity and determine whether these perceptual 

processes dissociate in prosopagnosia. Relative to controls, prosopagnosics performed more 

poorly on the facial identity tasks than on the facial expression tasks, suggesting that the 

ability to perceive the two facial aspects dissociates in prosopagnosia. The second aim was to 

determine whether prosopagnosics use typical face mechanisms to percieve facial expression 

and facial identity as controls do. The dissociation between facial expression and facial 

identity performance was not only observed in raw accuracy, but also in inversion effects. 

The similar-sized inversion effects for prosopagnosics’ and controls’ performance on the 

facial expression tasks, but not the facial identity tasks, suggests that prosopagnosics perceive 

facial expression using similar mechanisms to controls, but perceive facial identity using 

different mechanisms to controls.  

                 Expression                                 Identity 
           Face Aspect 
    



FACIAL EXPRESSION PROCESSING IN PROSOPAGNOSIA 
 

 33 
 

Prosopagnosics’ scores on a measure of subthreshold autism traits accounted for their 

small facial expression deficits. Not only did prosopagnosics SATQ scores negatively 

correlate with their performance on the facial expression tasks (indicating that higher levels 

of subthreshold autism traits were related to poorer performance on the facial expression 

tasks), but the exclusion of high SATQ scoring prosopagnosics reduced the small deficit for 

facial expression perception. Importantly, SATQ scores were unrelated to performance on the 

facial identity tasks. Together, these findings indicate that autism traits may account for 

prosopagnosics’ small deficits in facial expression perception but cannot account for their 

deficits in facial identity perception. 

My results enable me to calculate an unbiased estimate of the prevalence of facial 

expression perception deficits in prosopagnosia. Past studies have been unable to do this for 

two reasons. First, studies that did not have facial identity tasks independent of those used for 

diagnosis would have committed circular analysis, resulting in a biased estimate. Second, the 

sample sizes of past studies are too small (the largest study tested 17 prosopagnosics). I was 

able to calculate an unbiased estimate because my sample size is much larger than past 

studies and because I can compare the number of prosopagnosics impaired on the facial 

expression tasks against the number impaired on parallel facial identity tasks. Out of 124 

prosopagnosics I tested in Study 1, one was impaired across all expression tasks, whereas 13 

were impaired across all identity tasks, giving a prevalence of 7.69% (i.e., 1 of every 13 

prosopagnosics have facial expression perception deficits). By contrast, a circular analysis 

would arrive at a much lower prevalence of 0.81% (i.e., 1 of every 124 prosopagnosics have 

facial expression perception deficits). That only 13 out of 124 prosopagnosics were impaired 

with facial identity may seem surprising. However, facial identity processing was assessed 

with facial identity perceptual tasks (with little or no memory demand), not facial identity 

recognition tasks (with a heavier memory component) similar to those used to diagnose 

prosopagnosia. Thus, the low number of prosopagnosics impaired with the facial identity 

tasks in Study 1 is likely the result of the tasks tapping earlier, more perceptual processes, 

instead of later, more memory-dependent processes that are more impaired in prosopagnosia 

(Dalrymple, Garrido, & Duchaine, 2014). 

 Given that there is a dissociation between prosopagnosics’ ability to process facial 

identity and facial expression—despite the tasks being mainly perceptual with low memory 

demands—the split between facial expression and facial identity processing may occur early 

in the face processing stream. This notion of a relatively early segregation between the 

processing of facial identity and facial expression is in line with Bruce and Young’s (1986) 
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and Haxby and colleagues’ (2000) proposals of independent systems for processing the two 

face aspects, as opposed to a shared system.  

Although this is not central to the thesis, I ran additional analyses to check whether 

the small facial expression deficits observed in Study 1 are driven by specific facial 

expressions (e.g., fear; these supplementary analyses are detailed in section B.7 of Appendix 

B). These analyses were motivated by Biotti and Cook’s (2015) finding that 17 

prosopagnosics showed subtle facial expression deficits specific to the categorisation of fear 

and surprise. Briefly, my analyses revealed that prosopagnosics’ performance was 

comparable to controls’ for the six basic facial expressions assessed in the Study 1 tasks, 

suggesting that prosopagnosics’ small facial expression deficits are not the result of impaired 

processing of specific facial expressions. 

Overall, Study 1 shows that prosopagnosics have small deficits for matching facial 

expressions. Relative to expression matching tasks, expression labelling tasks differ in two 

respects. First, expression labelling tasks tax memory to a greater extent than expression 

matching tasks (Phillips, Channon, Tunstall, & Hedenstrom, & Lyons, 2008). Second, 

expression labelling and matching tasks may engage distinct mechanisms (with labelling 

tasks requiring more post-perceptual mechanisms; Palermo et al., 2013). It is important then, 

to use both expression matching and expression labelling tasks to provide a comprehensive 

assessment of facial expression processing in prosopagnosia. To this end, in Study 2, I 

investigate prosopagnosics’ facial expression processing using expression labelling tasks.  
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Chapter 3: Study 2 
 

Study 1 revealed that prosopagnosics’ have subtle deficits for facial expression 

perception. In Study 2, I investigate if they also have subtle deficits for facial expression 

recognition. I use four labelling tasks that vary in whether the facial expressions are basic 

(e.g., sad, happy, angry) or complex (e.g., distressed, elated, mortified) and whether the facial 

expressions are presented via static (i.e., images) or dynamic (i.e., video clips) stimuli. It is 

important to use both expression matching and expression labelling tasks in this thesis 

because labelling tasks tax working memory to a greater extent than matching tasks (Phillips 

et al., 2008) and require additional post-perceptual mechanisms (Palermo et al., 2011). 

Study 2 also extends the findings of Study 1 in two ways. First, I contrast 

prosopagnosics’ ability to recognise basic and complex facial expressions, which no past 

studies have done. Basic and complex expressions differ in meaningful ways. Basic 

expressions are thought to be expressed and recognised across cultures (Ekman et al., 1987; 

Ekman & Frisen, 1971; Scherer & Wallbott, 1994) and are similarly expressed in sighted and 

congenitally blind individuals (Eibl-Eibesfeldt, 1973; Galati, Scherer, & Ricci-Bitti, 1997; 

Roch-Levecq, 2006), supporting the notion that basic expressions are evolutionarily old and 

biologically hardwired (Darwin & Prodger, 1999; Susskind et al., 2008). In contrast, complex 

expressions tend to be more culturally and context specific, and recognition of them often 

involves both the attribution of a cognitive state as well as an emotion (Griffiths, 2008; Izard, 

2007). Second, I contrast prosopagnosics’ ability to recognise facial expression from static 

and dynamic stimuli. No past studies have investigated prosopagnosics’ ability to process 

dynamic facial expressions. This is surprising because facial motion is widely considered 

important for face processing (Calder, 2011; Longmore & Tree, 2013; Yovel & O’Toole, 

2016). Assessing facial expression processing with dynamic stimuli is also particularly 

important because facial expressions are naturally transient and changeable (Johnston et al., 

2013; Kilts et al., 2003; Recio et al., 2011). By using both static and dynamic stimuli to test 

recognition of basic and complex expressions, I provide a more complete assessment of facial 

expression processing in prosopagnosia than past studies. 

As in Study 1, I examine inversion effects to gauge whether prosopagnosics use 

typical face mechanisms to recognise basic and complex expressions from static and dynamic 

stimuli. If prosopagnosics engage typical mechanisms to recognise facial expression, then 

they should show similar-sized inversion effects to controls. But if they compensate and use 

atypical mechanisms that are less sensitive to orientation, then they should show smaller 
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inversion effects than controls. I also check whether prosopagnosics’ performance on facial 

expression recognition tasks is related to autism traits. If the prosopagnosics demonstrate 

subtle deficits on the facial expression recognition tasks (like they did on the facial 

expression perception tasks in Study 1), then it is important to determine whether the deficits 

are a feature of prosopagnosia, or are the result of co-occurring autism. Finally, I calculate an 

estimate of the prevalence of facial expression recognition deficits in prosopagnosia. 

 

3.1 Method 
 

Prosopagnosic participants. I recruited prosopagnosic participants in the same 

manner as for Study 1. A total of 81 prosopagnosics (66 of whom completed Study 1) 

completed Study 2 online on Testable. I excluded three individuals from analysis because of 

technical errors (e.g., stimuli not appearing). The final sample comprised 78 individuals (50 

women, 28 men). The mean age was 39.69 years old (SD = 8.22, range 21–52). Most 

prosopagnosics were from the USA (n = 49); the rest were from the UK (n = 15), Canada (n 

= 9), Germany (n = 3), and France (n = 2). Prosopagnosics’ education levels included high 

school or equivalent (n = 2), college or technical school (n = 11), bachelor’s degree (n = 35), 

and master’s/doctorate degree (n = 30). I compensated prosopagnosics with an Amazon gift 

card valued at 10 USD. A summary of the prosopagnosics’ diagnostic test scores are 

presented in Table 2. 

 

Table 2. Study 2 Prosopagnosics’ diagnostic test scores. 

Diagnostic 
Test 

Diagnostic Cut-off Score  

M (SD) 

Range Control data  

n, M (SD) 

 
CFMT 

 
=/< 42 (out of 72) 

 
35.68 (4.41) 

 
17–41 

 
n = 47, 54.30 (7.27) 

FFT =/< 58.00% 
 

29.65% (13.47) 0.00%–57.14% n = 97, 78.65% (11.60%) 

PI-20 =/> 60  80.97 (6.36) 64–93 n = 242, 38.90 (10.88) 

L-POST Impaired 
performance on =/> 
4 subtests  

Impaired on 0.71 
(0.93) subtests 

Impaired on 0–3 
subtests 

NA 

Note. I collected control data for the CFMT and FFT from Amazon Mechanical Turk samples. PI-20 control 
data was sourced from Shah et al., 2015. 
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Control participants. I collected data from 209 individuals located in North America 

through mTurk. As in Study 1, I excluded data from individuals if they were older than 52 

years of age (n = 27) or potentially prosopagnosic as indicated by impaired scores on the 

CFMT (n = 38). I also excluded data from controls who reported technical errors (n = 5). 

Controls were also removed if they did not engage with the tasks as indexed by accuracy 

scores at or below chance level for a given task (n = 1). The final control sample comprised 

138 individuals (90 women, 48 men). The controls’ gender distribution did not differ from 

the prosopagnosics’, c2(1) = 0.03, p = .869,  = < .01. The mean age of the controls was 36 

years old (SD = 7.84, range 22–52), which was younger than the prosopagnosics mean age, 

t(214) = 3.45, p < .001, d = 0.49. The slightly younger age of the controls is unlikely to 

impact the results because face recognition abilities tend to peak in early 30’s and plateau 

beyond (Germine, Duchaine, & Nakayama, 2011; Susilo et al., 2013), and both the controls’ 

and prosopagnosics’ mean age is in the mid/late 30’s age bracket. Controls’ education levels 

included high school or equivalent (n = 36), college or technical school (n = 47), bachelor’s 

degree (n = 41), and master’s/doctorate degree (n = 11). Controls’ and prosopagnosics’ 

education levels significantly differed, with prosopagnosics having a higher education level 

than controls, c2 (1) = 45.50, p < .001,  = 0.18. As in Study 1, this education level 

difference between prosopagnosics and controls should not affect performance because face 

recognition abilities are only weakly related to IQ (Wilmer et al., 2010; Zhu et al., 2010). 

Relative to controls’, prosopagnosics’ CFMT scores were lower (Mcontrol = 58.94, SDcontrol = 

8.24; Mprosopagnosic = 35.68, SDprosopagnosic = 4.41; t(214) = 23.10, p < .001, d = 3.27). I 

compensated controls with five USD for their participation.   

All participants provided consent to participate by clicking an ‘agree’ button 

presented below the digital consent form. On completing the tasks, participants were linked 

to a debriefing form. This study was approved by the School of Psychology Human Ethics 

Committee under delegated authority of Victoria University of Wellington’s Human Ethics 

Committee.     

 

3.2 Materials and procedure 
 

Study 2 included two basic expression and two complex expression labelling tasks. 

One version of each task showed static stimuli (images), and the other showed dynamic 

stimuli (video clips). These tasks were validated in separate control samples prior to the main 
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experiment to ensure that (1) they did not show ceiling or floor effects, (2) they produced 

sizeable inversion effects, and (3) the static and dynamic versions of each task were matched 

for difficulty. The validation process is detailed in section E.1 of Appendix E.  

All participants completed Study 2 on Testable. In total, each participant completed 

four tasks that were counterbalanced for order. For each task, participants completed trials 

that were presented in an upright and inverted orientation. Trial orientation was blocked and 

counterbalanced for order in the complex expression tasks, whereas trial orientation was 

intermixed within two blocks in the basic expression tasks. Below, I outline the Study 2 tasks 

in more detail.   

Basic expression labelling tasks. In the basic expression labelling tasks, participants 

viewed faces showing anger, disgust, fear, happiness, surprise, or sadness. For each face, 

participants’ task was to select one of six expression labels that best described the expression 

conveyed (Figure 13).  

 
 

 
Figure 13. Example of a trial from the basic facial expression labelling tasks. For this trial, the correct response 
is “Fear”. 
 

Dynamic task. In the dynamic task, the face stimuli were short video clips that 

showed faces morphing in real-time from a neutral expression to an emotional one. This task 

was adapted from Wilhelm and colleagues (Wilhelm, Hildebrandt, Manske, Schacht, and 

Sommer, 2014)5.  

                                                
5 In the original task, the stimuli shown in the upright (36 stimuli) and inverted (36 stimuli) conditions were 
different. I adapted the task by matching stimuli shown in each condition by flipping the inverted stimuli and 
adding them to the upright condition (now 72 upright stimuli in total) and inverting the upright stimuli and also 
adding them to the inverted condition (now 72 stimuli in total). 
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In a trial, the face stimuli video clip ran for 500 ms. Using a computer mouse, 

participants then selected one of six expression labels presented beneath the target face. An 

ITI of 500 ms separated trials. Participants completed 144 trials in total (72 trials in an 

upright orientation and 72 in an inverted orientation), with 24 trials per facial expression. 

Trial orientation was intermixed across the task. The order of trials was randomised. 

Static task. In the static task, the face stimuli were images. I created the stimuli by 

capturing screenshots of the final stills of each video clip (i.e., the static stimuli were images 

of the final portrayals of the expressions displayed in the video clip stimuli). The procedure 

for the static task was the same as the dynamic, with the images also being displayed for 500 

ms on each trial.  

Complex expression labelling tasks. In the complex expression labelling tasks, 

participants first viewed an emotional adjective (e.g., shocked). Next, they viewed three 

sequential stimuli of the same actor displaying three different expressions (e.g., suspicious, 

shocked, and mocking). An example trial is depicted in Figure 14. The participants’ task was 

to select which of the three faces best displayed the expression suggested by the emotional 

adjective. I modelled the complex expression labelling tasks on the Films Facial Expression 

Task created by Garrido and colleagues (2009). How I created, rated, and selected stimuli, 

and later validated the tasks is described in Appendix F. 
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Figure 14. Schematic representation of a trial from the complex facial expression labelling tasks. Each face 
stimulus is presented for 1000 ms (either as an image or video clip) with a 500 ms ISI. In this example trial, the 
face that best matches the emotional adjective of ‘shocked’ is the second face within the presentation sequence. 

 

Dynamic task. In the dynamic task, stimuli were short video clips of actors displaying 

expressions. At the beginning of the task, participants viewed a glossary (detailed in 

Appendix F) containing definitions and example sentences of the emotional adjectives used 

in the task. For example, ‘amused’ was defined as, ‘finding something funny’ and was used 

in the example sentence, ‘I was amused by a funny joke someone told me’. Each trial began 

with the presentation of an emotional adjective. If participants were unfamiliar with the 

adjective, they could refer to the adjective glossary. If/when they were familiar with the 

adjective, participants performed a mouse click to view the three faces. Three video clips 

were then presented in sequence, with each video clip running for 1000 ms. A 500 ms ISI 

separated each stimulus. Participants indicated which face best depicted the emotional 

adjective by pressing the “1”, “2”, or “3” key on the keyboard, to select the “1st”, “2nd”, or 

“3rd” face, respectively. An ITI of 500 ms separated trials. Participants completed 88 

experimental trials in total (44 in an upright orientation and 44 in an inverted orientation). 

Participants completed the upright and inverted trials in two separate blocks that were 

counterbalanced for order. The order of trials within each block was also randomised.  

Static task. In the in the static task, stimuli were screenshots of the final still of the 

video clips (i.e., images of the final portrayals of the expressions displayed in the video 
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clips). The procedure of the static task was the same as the dynamic task, with each image 

also being presented for 1000 ms.  

 
3.3 Results 
 

I performed all analyses using Jamovi version 0.8 (Jamovi project, 2017) unless 

otherwise stated. I calculated percent accuracy for the upright and inverted condition of each 

task. For response time, I calculated trimmed means and medians from correct trials only. To 

calculate trimmed means, I removed response times 3 SDs greater or less than the mean for a 

given condition of a task for each participant. I calculated inversion effects (the difference 

between performance on upright and inverted trials) for percent accuracy and response time 

for each task. ANOVA results are Greenhouse-Geisser corrected where necessary. For 

independent t-tests, I calculated Cohen’s d as a measure of effect size, and for dependent 

t-tests, I calculated dz (Lakens, 2013).  

Descriptive statistics for controls’ and prosopagnosics’ performance are reported in 

sections E.2 and E.3, respectively, of Appendix E. In section E.2 I also provide data checks 

that show that controls’ performance on the tasks (1) did not approach ceiling or floor, (2) 

produced sizeable inversion effects, and (3) were comparable across the static and dynamic 

versions of each task. 

 

3.3.1 Do recognition of basic and complex expressions from static and dynamic stimuli 

dissociate in prosopagnosia? 

 

First, I wanted to address whether prosopagnosics’ abilities to recognise facial 

expressions differs when expressions are basic versus complex, and/or when they are static 

versus dynamic. To do this, I compared their performance on four facial expression labelling 

tasks that varied based on expression type (i.e., basic versus complex) and stimulus type (i.e., 

static versus dynamic), focusing on upright trials. 

Accuracy. I ran a 2 (stimulus type: static, dynamic) x 2 (expression type: basic, 

complex) x 2 (group: prosopagnosic, control) mixed-design ANOVA on labelling accuracy 

for upright trials, with stimulus type and expression type as within-subjects factors, and group 

as the between-subjects factor. There was a significant main effect of expression type (F(1, 

214) = 718.53, p < .001,  = .77), indicating that complex expressions were recognised 

better than basic expressions. However, this result is not of interest because the basic and 
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complex expression tasks were not designed to be matched on difficulty. The main effect of 

group (F(1, 214) = 3.43, p = .065,  = .02) and stimulus type were not significant (F(1, 214) 

= 0.76, p = .383,  < .01). The main effect of expression type was qualified by significant 

two-way interactions between expression type and group (F(1, 214) = 4.37, p = .038,   = 

.02) and stimulus type and expression type (F(1, 214) = 34.16, p < .001,   = .14). 

However, the two-way interaction between stimulus type and group (F(1, 214) = 0.04, p = 

.845,  < .01) and the three-way interaction between stimulus type, group and expression 

type were not significant (F(1, 214) = 0.56, p = .454,  < .01). 

Next, I broke down the two-way interaction between expression type and group to test 

whether prospagnosics’ abilities to label basic versus complex expressions dissociate, 

collapsing across stimulus type. Figure 15 shows the results. Post hoc comparisons showed 

that, relative to controls, prosopagnosics performed slightly more poorly on the basic 

expression tasks, showing a 3.46% performance drop (Mcontrol = 64.14%, SDcontrol = 8.99%; 

Mprosopagnosic = 60.68%, SDprosopagnosic = 9.56%; t(214) = 2.66, p = .009, d = 0.38). In contrast, 

controls’ and prosopagnosics’ performance on the complex expression tasks was comparable 

(Mcontrol = 78.55, SDcontrol = 10.06; Mprosopagnosic = 77.53, SDprosopagnosic = 9.02, t(214) = 0.74, p 

= .459, d = 0.11).  
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Figure 15. Boxplots of prosopagnosics’ and controls’ accuracy on the basic (left) and complex (right) 
expression recognition tasks on upright trials, collapsed across stimulus type. Points represent individual data. 
Diamonds represent the mean score for each condition. 
 

Response times. Although I am primarily interested in accuracy performance, I also 

analysed response times to check that differences in response time could not account for the 

pattern of performance in accuracy. If prosopagnosics were slower than controls on the 

complex expression tasks, then this would imply that prosopagnosics’ normal performance 

on the complex expression tasks may be achieved by more time consuming, compensatory 

strategies. Figure 16 shows the results. I ran a 2 (expression type: basic, complex) x 2 (group: 

prosopagnosic, control) mixed-design ANOVA on response times for upright trials, with 

expression type as the within-subjects factor and group as the between-subjects factor. There 

was a significant main effect of group, indicating that prosopagnosics’ response times on the 

basic expression and complex expression tasks were slower than controls’ (Mcontrol = 3825 

ms, SDcontrol = 1624 ms; Mprosopagnosic = 4004 ms, SDprosopagnosic = 1629 ms; F(1, 214) = 12.60, 

p < .001,  = .06). There was also a significant main effect of expression type, indicating 

that both prosopagnosics’ and controls’ response times were slower on the complex 
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expression tasks compared to the basic expression tasks6 (Mcomplex = 5455 ms, SDcomplex = 520 

ms; Mbasic = 2324 ms, SDbasic = 321 ms; F(1, 214) = 9246.65, p < .001,  = .98). 

Importantly, the interaction between expression type and group was not significant, 

indicating that the dissociation between prosopagnoics’ accuracy on the basic and complex 

expression tasks is not accounted for by response time differences, F(1, 214) = 0.09, p = .762, 

 < .01. A similar result was obtained with median response times (see section E.4 of 

Appendix E for these supplementary analyses). 

 

 

 
 
Figure 16. Boxplots of prosopagnosics’ and controls’ trimmed mean response times on the basic (left) and 
complex (right) expression tasks on upright trials, collapsed across stimulus type. Points represent individual 
data. Diamonds represent the mean score for each condition. 
 

 Overall, prosopagnosics showed impaired performance on the basic expression tasks 

but normal performance on the complex expression tasks, suggesting that the ability to 

                                                
6 Slower response times in the complex expression task compared to the basic expression task is an artefact of 
the complex expression task’s design and the functionalities of the testing platform I used (i.e., Testable.com). 
The Testable response timer starts at the onset of stimulus presentation, thus the longer response times for the 
complex task are due to the longer stimulus presentation sequence (3000 ms to present three stimuli plus 1000 
ms of ISI time) compared to the basic task (only 500 ms stimulus presentation).   
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recognise the two expression types dissociates in prosopagnosia. Furthermore, the small drop 

in prosopagnosics’ performance on the basic expression tasks relative to controls’ suggests 

that prosopagnosics have subtle deficits for recognising basic facial expressions.  

 

3.3.2 Do basic and complex expression mechanisms dissociate in prosopagnosia?  

  

The dissociation I observed between prosopagnosics’ basic and complex expression 

recognition raises an interesting question: do prosopagnosics use different mechanisms than 

controls for recognising basic expressions but similar mechanisms as controls for complex 

expressions? Here, I test whether prosopagnosics and controls engage similar (or different) 

mechanism by comparing the size of their inversion effects across basic expression and 

complex expression tasks, collapsing across stimulus type. Similar-sized inversion effects in 

prosopagnosics and controls would imply that prosopagnosics use mechanisms typical of face 

processing, whereas reduced inversion effects in prosopagnosics would suggest that 

prosopagnosics engage atypical mechanisms.  

Accuracy. I calculated inversion effects (i.e., upright accuracy minus inverted 

accuracy) for prosopagnosics’ and controls’ performance on the basic and complex 

expression tasks, collapsed across stimulus type. Figure 17 shows the results. I ran a 2 

(expression type: basic, complex) x 2 (group: prosopagnosia, control) mixed-design ANOVA 

on inversion effects, with expression type as the within-subjects factor and group as the 

between-subjects factor. This revealed significant main effects of expression type (F(1, 214) 

= 18.40, p < .001,   = .08) and group (F(1, 214) = 6.47, p = .012,   = .03), which were 

qualified by a significant interaction between expression type and group, F(1, 214) = 18.60, p 

< .001,   = .08. Post hoc comparisons revealed that, relative to controls, prosopagnosics’ 

showed similar inversion effects for basic expressions (Mcontrol = 13.60%, SDcontrol = 6.23%; 

Mprosopagnosic = 12.94%, SDprosopagnosic = 5.53%, t(214) = 0.78, p = .437, d = .11), but, 

surprisingly, larger inversion effects for complex expressions (Mcontrol = 8.70%, SDcontrol = 

7.14%; Mprosopagnosic = 12.95%, SDprosopagnosic = 6.08%; t(214) = 4.43, p < .001, d = .63). 
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Figure 17. Boxplots of prosopagnosics’ and controls’ inversion effects in accuracy on the basic (left) and 
complex (right) expression tasks, collapsed across stimulus type. Points represent individual data. Diamonds 
represent the mean score for each condition. 
 

Response time. Next, I calculated inversion effects from trimmed mean response 

times (i.e., upright response time minus inverted response time) to check that differences in 

response time cannot account for the pattern of inversion effects in accuracy. Figure 18 

shows the results. I ran a 2 (expression type: basic, complex) x 2 (group: prosopagnosic, 

control) mixed-design ANOVA on response time inversion effects, with expression type as 

the within-subjects factor and group as the between-subjects factor. The main effect of group 

(F(1, 214) = 3.50, p = .063,  = .02) and the interaction between expression type and group 

(F(1, 214) = 3.69, p = .056,  = .02) were not significant, indicating that the dissociation 

between prosopagnosics’ accuracy inversion effects on the basic and complex expression 

tasks is not accounted for by response time differences. There was a significant main effect of 

expression type, indicating that the size of controls’ and prosopagnosics’ inversion effects on 

the complex expression tasks differed to those on the basic expression tasks (Mcomplex = 44 
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ms, SDcomplex = 354 ms; Mbasic = -123 ms, SDbasic = 178 ms; F(1, 214) = 44.53, p < .001,  = 

.17). A similar result was obtained with median response times (see section E.4 of Appendix 

E for these supplementary analyses). 

 

 

 
 
 
Figure 18. Boxplots of prosopagnosics’ and controls’ inversion effects in trimmed mean response times on the 
basic (left) and complex (right) expression tasks, collapsed across stimulus type. Points represent individual 
data. Diamonds represent the mean score for each condition. 
 

Overall, prosopagnosics’ and controls’ similar-sized inversion effects for basic 

expressions suggests that despite prosopagnosics’ small deficits at recognising basic 

expressions, they seem to process them using similar mechanisms as controls (but use them 

less effectively). A curious finding is that prosopagnosics showed larger inversion effects for 

complex expressions relative to controls. A close inspection reveals that the larger inversion 

effects are driven by their poorer performance on the inverted trials (see Table E3 in section 

E.3 of Appendix E). It may be the case that prosopagnosics are more sensitive to orientation 

manipulations with complex expressions compared to controls, and so their performance is 

more impaired on inverted trials relative to controls. Further, given that prosopagnosics’ 

performance on the upright trials of the complex expression tasks was similar to controls, 
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suggests that they seem to engage similar mechanisms as controls to process upright 

expressions. Taken together, the inversion effect results suggest that the dissociation between 

basic and complex expression recognition in prosopagnosics arises from their reduced ability 

to analyse basic expressions, not from the kind of mechanisms they use to process them. 

 

3.3.3 Is the subtle basic expression deficit a core feature of prosopagnosia? 

 

Prosopagnosics showed subtle deficits when recognising basic expressions. As in 

Study 1, the question arises whether these deficits are a feature of prosopagnosia, or a feature 

of co-occuring autism traits. I ran two analyses to address this question. First, I computed 

Pearson product-moment correlation coefficients to assess the relationship between 

prosopagnosics’ autism traits and their basic expression recognition. If the subtle deficits are 

not a feature of co-occuring autism traits, then prosopagnosics’ SATQ scores should not 

correlate with performance on the basic expression tasks. However, if the deficits are a 

feature of co-occurring autism traits, then prosopagnosics’ SATQ scores should correlate 

with performance on the basic expression tasks. As shown in Figure 19, there was a 

significant negative correlation between prosopagnosics’ SATQ scores and their performance 

on the basic expression tasks, indicating that as autism traits increase, basic expression 

recognition tends to worsen, r(76) = - .27, p = .017. I also ran the same analysis after 

removing scores from three SATQ items that explicitly measured ‘Reading facial 

expressions’ to check whether these items were driving the correlation. I found the same 

pattern of results (see section E.5 of Appendix E for these supplementary analyses).   
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Figure 19. Scatterplot with line of best fit for prosopagnosics’ SATQ scores and their performance on the basic 
expression tasks, collapsed across stimulus type. Grey shading represents the 95% confidence interval. 
 

Second, I excluded prosopagnosics with high SATQ scores (indicating high levels of 

subthreshold autism traits) from the sample to determine if this abolished the subtle deficits. 

Thirteen prosopagnosics with a SATQ score over 43.51 (i.e., a cut-off set at 1.75 standard 

deviation above the neurotypical control sample’s mean) were removed, leaving a sample of 

65 prosopagnosics. With this adjusted sample, I ran a 2 (expression type: basic, complex) x 2 

(group: prosopagnosic, control) mixed-design ANOVA on accuracy for upright trials, with 

expression type as the within-subjects variable and group as the between-subjects variable. 

There was a significant main effect of expression type, indicating that complex expressions 

were recognised better than basic expressions (Mcomplex = 78.24%, SDcomplex = 9.89%; Mbasic = 

63.35%, SDbasic = 9.02%; F(1, 201) = 675.24, p < .001,  = .77). The main effect of group 

(F(1, 201) = 1.80, p = .181,  = .01) was not significant. Critically, unlike the analysis with 

the full sample, the interaction between expression type and group was no longer significant 

(F(1, 201) = 1.70, p = .194,  = .01), indicating that prosopagnosics and controls performed 

similarly across both types of expression. In accord with the correlation analysis, excluding 

prosopagnosics with high SATQ scores abolished the prosopagnosics’ subtle deficits for 

basic expression recognition. 
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Together, these analyses indicate that autism traits can account for prosopagnosics’ 

subtle deficits in basic expression recognition. These results support the idea that the subtle 

basic expression processing deficits are not a core feature of prosopagnosia, but rather the 

result of co-occurring autism traits. 

 

3.3.4 Proportion of prosopagnosics with facial expression recognition deficits 

 

In addition to the analyses above, I calculated composite z-scores to estimate of the 

proportion of prosopagnosics who have facial expression recognition deficits. I calculated z-

scores for prosopagnosics’ performance on the four facial expression recognition tasks for the 

upright trials. From these z-scores, I calculated prosopagnosics’ composite facial expression 

recognition z-score. Figure 20 shows prosopagnosics’ composite z-scores. I considered 

prosopagnosics as having impairments for recognising facial expression if their composite z-

scores were equal to or less than - 1.75. Only two prosopagnosics had a z-score in the 

impaired range. Because I did not have parallel facial identity recognition tasks I cannot 

determine what proportion of prosopagnosics would have facial identity deficits. However, 

given that facial identity recognition deficits are used to diagnose prosopagnosia, we could 

conservatively estimate that at least half of the prosopagnosic sample (i.e., 39 out of 78) 

would be impaired on parallel facial identity recognition tasks. Therefore, it can be estimated 

that between 2.56% (i.e., 2/78) and 5.13% (i.e., 2/39) prosopagnosics may have facial 

expression recognition impairments. This analysis suggests that the majority of 

prosopagnosics have normal facial expression recognition. 
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Figure 20. Boxplot of prosopagnosics’ composite z-scores for their accuracy on upright trials of the four 
expression recognition tasks. Points represent individual data. Diamonds represent the mean score for each 
condition. The red dotted line marks -1.75 of the y-axis. 
 
3.4 Discussion 
  
 

In Study 2, I sought to extend the findings of Study 1 by investigating whether 

prosopagnosics’ show small deficits for recognising basic versus complex facial expressions 

from static versus dynamic stimuli. Relative to controls, prosopagnosics showed small 

deficits for recognising basic expressions, yet normal recognition of complex expressions; 

indicating that the ability to process basic and complex expressions dissociates in 

prosopagnosia. However, prosopagnosics’ and controls’ inversion effects for basic 

expressions were comparable; suggesting that despite prosopagnosics’ performance deficit, 

they engage similar mechanisms to recognise basic facial expressions as controls do. 

Although prosopagnosics’ performance on the basic and complex expression tasks 

dissociated, their performance on the static and dynamic tasks did not as they showed 

comparable performance on the static and dynamic tasks relative to controls. 

There are two tentative explanations for the dissociation between prosopagnosics’ 

ability to recognise basic versus complex expressions. First, the basic and complex 

expression labelling tasks differed in format. The basic expression task presented six possible 

labels beneath the target face and participants had to select one label on each trial. In contrast, 

z-
sc

or
e 

                       Facial Expression Recognition 
    



FACIAL EXPRESSION PROCESSING IN PROSOPAGNOSIA 
 

 52 
 

in the complex expression task, participants are first primed with an expression (an emotional 

adjective) and then must select one out of three faces that best depicts that expression. It may 

be that prosopagnosics’ show normal performance on expression labelling tasks when they 

are primed with which specific expression to single out, but struggle with labelling when they 

are not primed (as in the case of the basic expression labelling task). One way to test this 

possibility would be to make a parallel version of the basic expression labelling task using the 

complex expression stimuli. For instance, on each trial participants would be presented with 

one image/video clip showing a complex expression (e.g., hurt) and beneath it would be six 

complex expression labels to choose from (e.g., mortified, hurt, regretful, nostalgic, enraged, 

suspicious). If prosopagnosics truly have normal complex expression recognition, then they 

would perform normally on such a test. Conversely, if prosopagnosics have subtle deficits for 

complex expression recognition, then they might perform poorly on a complex expression 

labelling test that does not prime which specific expression to look for.   

The second possible explanation for the dissociation between prosopagnosics’ ability 

to recognise basic versus complex expressions is related to the stimuli used in the tasks. The 

stimuli used in the basic and complex expression recognition tasks differed in two respects. 

First, the basic expression stimuli comprised tightly cropped faces (i.e., see Figure 13 in the 

methods section), whereas the complex expression stimuli comprised more generously 

cropped stimuli, which sometimes included non-face cues (i.e., shoulders; see Figure 14 in 

the methods section). It could be that the non-face cues provided in the complex stimuli aided 

prosopagnosics more than controls in their ability to recognise complex expressions. In which 

case, the prosopagnosics may have shown impaired performance relative to controls had 

there been no non-face cues (as with the basic expression stimuli). This limitation could be 

addressed in a future study by creating a new set of complex expression stimuli that are more 

tightly cropped than those used in this thesis.  

The second way the stimuli differed was that the complex expression stimuli 

represented more realistic depictions of facial expressions than the highly posed basic 

expression stimuli. It is possible that prosopagnosics are more sensitive to the realistic nature 

of facial expression stimuli than controls, and hence prosopagnosics show slight recognition 

deficits in their performance, relative to controls, when the stimuli are highly posed. I sourced 

the complex stimuli from films in which actors were (presumably) not strictly directed with 

regards to how they should move their faces to convey specific expressions. In contrast, the 

stimuli used in the basic facial expression labelling tasks were created using in-house models 

who had a series of photos taken of their facial expressions during an emotion induction, 
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personal experience, and imitation phase (Wilhelm et al., 2014). In the last phase, for 

example, the models were guided, with strict instruction, on how to imitate each of the basic 

facial expressions by performing specific muscle movements according to Ekman and 

Friesen’s descriptions (1976). Future studies should test the possibility that the realistic 

nature of the facial expression stimuli may have affected prosopagnosics’ performance more 

than controls’. One such way to test this possibility would be to match the realistic quality of 

the basic and complex expression stimuli by collecting a set of basic expression stimuli from 

films. 

Although two past studies reported that some acquired prosopagnosics who are 

impaired at recognising expression from static stimuli are normal with dynamic stimuli (e.g., 

Humphreys et al. 1993; Richoz et al., 2015), I did not observe such a dissociation in my 

study. Similarly, despite past studies showing a dynamic advantage for facial expression 

recognition in healthy participants (in that their recognition is better with dynamic 

expressions compared to static expressions; Ambadar et al., 2005; Cunningham & Wallraven, 

2009; Knappmeyer, Thornton, & Bülthoff, 2003), I did not observe such an advantage in the 

controls. Instead, my results are in line with recent evidence suggesting limited or no 

dynamic advantage for facial expression recognition (Fiorentini & Vivani, 2011; Gold et al., 

2013). This finding informs the dynamic advantage debate by demonstrating no advantage 

for basic or complex expression recognition from dynamic stimuli in both prosopagnosics 

and healthy controls. 

As in Study 1, prosopagnosics’ scores on a measure of subthreshold autism traits 

accounted for their small deficit for basic expression recognition. Not only did their SATQ 

scores negatively correlate with their basic facial expression recognition performance, but the 

exclusion of high SATQ scoring prosopagnosics also eliminated the small deficit. These 

results are in line with those from Study 1, and suggest that facial expression processing 

deficits in prosopagnosia can be largely accounted for by co-occurring autism traits.  

I also provided estimates of the prevalence of facial expression recognition deficits in 

prosopagnosia. The range of estimates for facial expression recognition deficits in 

prosopagnosia were low (i.e., 2.56% - 5.13%) similar to that for facial expression perception 

deficits calculated in Study 1 (i.e., 7.70%). However, the estimates calculated in Study 2 are 

not as precise as that calculated in Study 1 because I did not have parallel facial identity 

recognition tasks for the facial expression recognition tasks. However, the range of estimates 

that I provide give a rough idea of the proportion of prosopagnosics who may have facial 

expression recognition deficits.  
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Although these analyses are not central to the thesis, as in Study 1, I also ran analyses 

to check whether prosopagnosics’ small deficit for basic expressions was driven by specific 

expressions (refer to section E.6 of Appendix E for these analyses). Briefly, prosopagnosics 

and controls showed comparable performance for each expression, except for disgust, fear, 

and happy expressions. Thus, prosopagnosics’ disproportionately poor ability to recognise 

these three expressions might be driving their small deficit for basic expression recognition. 

However, the size of prosopagnosics’ inversion effects for disgust, fear, and happy 

expressions were comparable to controls’, suggesting that they use similar mechanisms to 

process them as controls. 
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Chapter 4: General Discussion 
 

In this thesis, I investigated prosopagnosics’ ability to process facial expression across 

two studies that addressed key limitations of past research. In Study 1, participants completed 

three facial expression matching tasks and three parallel facial identity matching tasks. 

Prosopagnosics’ performance on the facial identity tasks was more impaired than on the 

facial expression tasks, suggesting that their ability to process the two facial attributes 

dissociates. Moreover, prosopagnosics showed reduced inversion effects for facial identity 

but normal inversion effects for facial expression, suggesting they used atypical mechanisms 

for processing facial identity but normal mechanisms for facial expression. In Study 2, 

participants completed four facial expression labelling tasks that contrasted the ability to 

process basic versus complex facial expressions from static versus dynamic stimuli. 

Prosopagnosics showed a small deficit for basic expression recognition but performed 

comparably to controls on the complex expression task, suggesting that the ability to process 

the two expression classes dissociates in prosopagnosia. Further, prosopagnosics did not 

show reduced inversion effects for both types of expressions, indicating they used similar 

recognition mechanisms as controls. In both studies, prosopagnosics’ scores on a measure of 

subthreshold autism traits accounted for their subtle facial expression deficits, suggesting that 

facial expression deficits are not a core feature of prosopagnosia, but rather a carryover from 

co-occurring autism traits. 

Below, I go through the implications of my thesis for three broad areas. First, I 

discuss implications for our understanding of prosopagnosia. Second, I discuss implications 

regarding the organisation and development of normal face processing. Lastly, I discuss 

implications of this thesis regarding future online studies of neuropsychology. 

 
4.1 Understanding of prosopagnosia 
 
 Below, I discuss how my thesis advances our understanding of prosopagnosia in eight 

different ways. First, I discuss how the dissociation between prosopagnosics’ abilities to 

process facial expression and facial identity suggests that facial expression deficits are not a 

core feature of prosopagnosia. Second, I outline ways to further extend our understanding of 

the mechanisms prosopagnosics use to process facial expression. Third, I discuss how my 

findings allude to the level of processing (e.g., perception versus recognition) at which the 

dissociation between facial expression and facial identity processing occurs. Fourth, I detail 
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how the results of this thesis can inform fMRI studies investigating the neural basis of 

prosopagnosia. Fifth, I outline how my thesis provides the first precise estimate of facial 

expression processing deficits in prosopagnosia. Sixth, I discuss the importance of 

considering the influence of co-occurring developmental conditions on prosopagnosics’ facial 

expression processing, with a focus on autism and alexithymia. Seventh, I argue how my 

findings challenge the “atypical face orienting” account of prosopagnosia, which holds that 

prosopagnosics’ face processing deficits are the result of atypical orienting to faces early in 

development. Finally, I discuss the novel contribution of my thesis to understanding how 

prosopagnosics’ process static versus dynamic face stimuli. 

Core deficit. A major contribution of my thesis is to demonstrate that facial 

expression and facial identity processing dissociate in prosopagnosia. My use of large 

samples, multiple tasks, and inversion effects means that the evidence for the dissociation I 

observed is particularly robust. This dissociation supports the notion that the core deficit in 

prosopagnosia does not encompass facial expression processing, and may be specific to facial 

identity. Moreover, the inversion effect findings provide novel and fundamental insight about 

the nature of the dissociation. Prosopagnosics showed reduced inversion effects for facial 

identity but normal inversion effects for facial expression, suggesting that they used atypical 

mechanisms for processing facial identity but typical mechanisms for facial expression. 

These inversion results provide compelling evidence that the dissociation between facial 

expression and facial identity in prosopagnosia results from how they process facial 

expression and facial identity, not simply from their abilities to process the two face aspects.  

Mechanisms of facial expression processing. My thesis also sheds light on the 

mechanisms that prosopagnosics use to process facial expression. The inversion effect data 

across both studies suggest that prosopagnosics process facial expression normally, using 

typical face mechanisms that are highly sensitive to orientation. But the face inversion effect 

is not the only signature of typical face processing. Other signatures include the face 

composite effect, which captures holistic interference between different face regions (e.g., it 

is harder to detect differences between two faces halves when they are aligned compared to 

misaligned; Hole, 1994; Young, Hellawell, & Hay, 1987) and the face part-whole effect, 

which taps the advantage of whole-face processing over feature-based processing (e.g., it is 

easier to recognise a single feature of a face in a whole face than in isolation; Donnelly & 

Davidoff, 1999; Tanaka & Farah, 1993). It may be the case that different signatures of face 

processing lead to different conclusions about facial expression mechanisms in 

prosopagnosia. For example, Palermo and colleagues (2011) found that the size of the 
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composite effect for facial expression was smaller in 12 prosopagnosics than in 17 controls, 

suggesting that holistic processing of facial expression may be disrupted in prosopagnosia7. 

Future studies should clarify how prosopagnosics process facial expression by testing 

multiple face signatures simultaneously in the same prosopagnosic sample.    

To further our understanding of facial expression mechanisms in prosopagnosia, 

future studies should also examine where prosopagnosics look on faces displaying 

expressions and what specific facial information they use to recognise expressions. This can 

be done using eye-tracking and the “Bubbles” technique (Gosselin & Schyns, 2001). Eye-

tracking can reveal whether prosopagnosics and controls look at similar facial locations when 

analysing facial expression. For example, prosopagnosics tend to over-fixate on external 

facial features (e.g., forehead/brow and cheeks) than internal features (e.g., eyes and nose) 

when recognising facial identity, whereas controls did the opposite (Barton, Radcliffe, 

Cherkasova, & Edelman, 2007; Schwarzer et al., 2007). Atypical looking behaviour when 

processing facial expression would suggest that despite their normal performance and 

normal-sized inversion effects, prosopagnosics may not process facial expression normally. 

The Bubbles technique (in which different regions of faces are revealed to participants at 

different spatial frequencies inside bubble-like shapes of varied sizes; Gosselin & Schyns, 

2001) can complement eye-tracking data by revealing which local facial information actually 

contributes to successful performance. A Bubbles study with typical participants found that 

the most diagnostic cue for recognising the six basic expressions is the mouth (Blais, Roy, 

Fiset, Arguin, & Gosselin, 2012). It would be interesting to see whether prosopagnosics also 

used the mouth when recognising basic facial expressions. If not, then prosopagnosics’ subtle 

difficulty with basic expression recognition may result from suboptimal use of local facial 

information.  

Level of dissociation and stage of processing. My results speak to the stage of 

processing at which facial expression and facial identity processing dissociate in 

prosopagnosia. The matching and sorting tasks I used in Study 1 are largely perceptual, in 

that they place minimal memory demands. The dissociation I observed using such tasks 

                                                
7 Palermo and colleagues (2011) tested 12 prosopagnosics using three facial expression labelling tasks and 
found normal performance. Prosopagnosics also completed a face composite task. In this task, participants 
viewed two face segments—a top and a bottom half, split horizontally at the centre of the face—and they must 
judge whether the expression of the top half is the same or different to the expression of the bottom half. 
Performance is typically less accurate and sometimes slower when the face segments are aligned vertically 
(showing a complete face) than when they are misaligned. Prosopagnosics showed a smaller difference between 
aligned and misaligned trials compared to controls, but only on response times, not accuracy. Moreover, close 
inspection of the data reveals that an outlier prosopagnosic might have driven the response time difference. 



FACIAL EXPRESSION PROCESSING IN PROSOPAGNOSIA 
 

 58 
 

suggests that facial expression and facial identity mechanisms segregate early in face 

processing stages. This early segregation is in line with EEG data showing that the N170 

ERP—an index of facial identity analysis—is unaffected by changes in facial expression 

(Eimer et al., 2003; Eimer & Holmes, 2002; Holmes et al., 2003). It is unclear whether the 

dissociation between facial expression and facial identity might be more or less pronounced 

during later, more memory dependent stages of processing. Future studies could use memory-

based tasks to see if a larger or smaller dissociation between facial expression and facial 

identity processing occurs. A potential facial expression memory task that could be used 

involves memorising facial expressions displayed by the same individuals at three different 

intensities (e.g., anger displayed at low intensity (20% anger and 70% neutral morph), 

medium intensity (50% anger and 50% neutral morph), and high intensity (80% anger and 

20% neutral morph), for such a task, see Wilhelm et al., 2014). In using such a task, if a 

larger dissociation between facial expression and facial identity processing is observed, then 

it would suggest that distinctions between facial expression and facial identity processing in 

prosopagnosia become more pronounced at later stages in the face processing stream. 

Conversely, a smaller dissociation between facial expression and facial identity processing 

using memory tasks would suggest that that the distinction becomes less pronounced at later 

stages in the face processing stream. 

Neural basis. My findings are consistent with fMRI studies of prosopagnosia that 

detect abnormalities in prosopagnosics’ face-selective regions in the ventral stream (like the 

FFA and the face-selective region in the anterior temporal lobe; fATL), which are primarily 

involved in facial identity processing, rather than face-selective regions in the dorsal stream 

(like the pSTS), which are more involved in facial expression processing. These studies have 

generally found differences in both activation and structure of face-selective regions in the 

ventral stream of prosopagnosics relative to controls. For example, prosopagnosics show 

reduced face-selective responses in the FFA (Furl, Garrido, Dolan, Driver, & Duchaine, 

2011) and reduced grey matter volume in sections of the fusiform gyrus and the inferior 

temporal gyrus (Garrido et al., 2009). More recent studies have also reported atypical 

connectivity between face-selective regions in the ventral stream (Gomez et al., 2015; Lohse 

et al., 2016; Rosenthal et al., 2017; Song et al., 2015; Thomas et al., 2009). 

Prevalence of facial expression deficits. In this thesis I was able to provide new 

insight into the prevalence of facial expression processing deficits in prosopagnosia. My 

prevalence estimates revealed that few prosopagnosics had facial expression perception 

deficits in Study 1 (i.e. 7.70% of the sample), and, similarly, few prosopagnosics had facial 
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expression recognition deficits in Study 2 (i.e. 2.56%-5.13% of the sample). The estimate 

from Study 1 is particularly robust because facial identity performance was not determined 

through circular analysis (rather, the prosopagnosics completed facial identity tasks that were 

independent of those used for diagnosis, and were parallel to the facial expression tasks). The 

estimate from Study 2 is more limited because I did not have parallel facial identity 

recognition tasks. However, because prosopagnosia is diagnosed based on deficits in facial 

identity recognition, the estimate should not be discounted. 

In addition to the prevalence estimates provided separately for facial expression 

perception (Study 1) and facial expression recognition (Study 2), I also examined the 

proportion of prosopagnosics who have deficits across both levels of facial expression 

processing. To do this, I first compiled data from prosopagnosics who completed both studies 

(n = 66). I then calculated a composite z-score from the prosopagnosics z-scores for all seven 

facial expression tasks used in this thesis. Only one of these 66 prosopagnosics had a z-score 

that was below -1.75. Of these 66 prosopagnosics, nine had z-scores that fell in the impaired 

range for the facial identity perception tasks in Study 1. A conservative estimate for the 

number of prosopagnosics who would be impaired across both facial identity perception and 

recognition would be nine out of 66 prosopagnosics (i.e. 13.64% of the sample). Therefore, I 

can provide a rough estimate that between 1.52% of prosopagnosics (i.e. 1/66) and 11.11% of 

prosopagnosics (i.e. 1/9) may have facial expression processing deficits that involve both 

perception and recognition. Taken together, the low estimates of deficits for facial expression 

perception, facial expression recognition, and overall facial expression processing (perception 

and recognition combined) in prosopagnosia suggest that, on the whole, facial expression 

processing is not impaired in the majority of prosopagnosics. 

Co-occurring developmental conditions. Prosopagnosics’ small facial expression 

deficits across both studies were accounted for by subthreshold autism traits as measured 

using the SATQ (Keanne et al., 2012). Prosopagnosics’ facial expression performance 

negatively correlated with SATQ scores (such that poorer performance on the facial 

expression tasks was associated with higher levels of autism traits), and the removal of high 

SATQ scoring prosopagnosics eliminated the deficits. These analyses support the idea that 

facial expression deficits are not a feature of prosopagnosia itself, but rather a result of co-

occurring autism traits. These findings highlight the importance of measuring autism traits in 

studies of facial expression processing in prosopagnosia to either exclude potential 

individuals with autism or correlate autism traits with performance on tasks of interest. 
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Another developmental condition relevant to facial expression processing is 

alexithymia. Alexithymia is characterised by the inability to identify and describe one's own 

emotions (Bird & Cook, 2013; Sifneos, 1973). Alexithymia can also impact expression 

processing more broadly, hindering expression recognition from faces (Cook, Brewer, Shah, 

& Bird, 2013; Parker, Taylor, & Bagby, 1993; Prkachin, Casey, & Prkachin, 2009), voices 

(Heaton et al., 2012), and music (Allen, Davis, & Hill, 2013). A recent proposal suggests that 

expression problems in autism might be a feature of co-occurring alexithymia, rather than of 

autism itself (Bird & Cook, 2013; Cook et al., 2013). Elevated rates of alexithymia have been 

observed in several conditions including schizophrenia, anorexia nervosa, and social anxiety 

(Dalbudak et al., 2013; Speranza, Loas, Wallier, & Corcos, 2007; Van't Wout, Aleman, 

Bermond, & Kahn, 2007), so future studies should examine whether alexithymia co-occurs 

with prosopagnosia, and whether it can account for some of prosopagnosics’ facial 

expression deficits, above and beyond that explained by autism traits.  

More generally, my thesis illustrates the importance of considering the influence of 

co-occurring developmental conditions when studying prosopagnosia. Co-occurrence is 

common among many developmental conditions, and is likely the result of shared genetic 

and environmental risk factors (Bishop & Rutter, 2009; Duchaine et al., 2009; Gilger & 

Kaplan, 2001). For example, many conditions co-occur with autism including alexithymia 

(Bird & Cook, 2013; Ketelaars, Mol, Swaab, & van Rijn, 2016), dyslexia (Jones et al., 2009), 

and synaesthesia (Baron-Cohen et al., 2013). More specific to prosopagnosia, Gray and Cook 

(2018) propose that co-occurring object agnosia and body agnosia might have a higher 

incidence in prosopagnosics than in the general population. Future studies should therefore 

investigate the influence of co-occurring conditions on prosopagnosia, to determine which 

processing deficits are specific to prosopagnosia, and which are the result of a co-occurring, 

but independent condition. 

Atypical face orienting account. My results challenge the notion that prosopagnosia 

is caused by atypical orienting to faces early in life and/or during a critical period of learning 

(Johnson, 2011). This account posits that prosopagnosics are impaired at processing faces 

because they do not orient sufficiently to them. This account predicts that prosopagnosics 

should be impaired with all aspects of face processing, yet my results show that 

prosopagnosics are more impaired with facial identity than with facial expression. One caveat 

is that facial expression may develop earlier than facial identity (Chatterjee & Nakayama, 

2012), because with facial expressions, we only need to learn six basic categories, whereas 

with identity, there is a potentially infinite number of individual faces to recognise. However, 
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given that facial expression and facial identity processing appear to develop at a similar rate 

in typically developing children (Dalrymple et al., 2017) facial expression may not be easier 

to learn than facial identity. To clarify this issue, future studies should contrast 

prosopagnosics’ abilities to process facial expression against other non-identity face aspects, 

like age or race. Not only would such comparisons benefit from the fact that both face 

processing abilities under investigation are independent from the diagnostic aspect of 

prosopagnosia (namely, facial identity), but the number of categories to learn for facial 

expression is better matched for facial age (e.g., infant, child, adolescent, young adult, 

middle-aged, elderly) and race (e.g., European, Latin American, Asian, Middle Eastern, 

African) than for facial identity (almost an endless number of identities). If dissociations 

were observed between prosopagnosics abilities to process facial expression and other non-

identity face aspects, then this would further imply that atypical orienting to faces is an 

inadequate account of prosopagnosia.  

 Static versus dynamic face stimuli. Finally, my thesis suggests that prosopagnosics’ 

abilities to process static and dynamic facial expressions are comparable. A dissociation 

between static and dynamic facial expression processing had been reported in two acquired 

prosopagnosics who were impaired at recognising expression from static stimuli, but were 

normal with dynamic stimuli (case HJA in Humphreys et al., 1993; case PS in Richoz et al., 

2015). Unlike these acquired cases, the prosopagnosics in my thesis did not perform better 

with dynamic compared to static facial expressions. Although this finding suggests that 

prosopagnosics’ ability to recognise facial expressions does not benefit from facial 

movement, their ability to recognise other aspects of the face might. For example, 

prosopagnosics’ facial identity recognition was better with dynamic than static stimuli, 

suggesting that prosopagnosics can use facial movements as a cue to identity (Bennetts, 

Butcher, Lander, Udale, & Bate, 2015; Longmore & Tree, 2013). Future prosopagnosia 

studies should aim to include dynamic face stimuli when investigating a broad range of face 

processing abilities to provide a more ecologically valid test of face recognition abilities than 

exclusively using static stimuli.  
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4.2 Organisation and development of normal face processing 

 

In this section, I discuss how my thesis contributes to our understanding of the 

organisation and development of normal face processing8. First, I discuss how the 

dissociation between prosopagnosics’ abilities to process facial expression and facial identity 

informs cognitive and neural models of face processing. Second, I discuss how additional 

support for the distinction between facial expression and facial identity processing would 

come from evidence of the opposite dissociation to the one I reported in this thesis (namely, 

individuals with a developmental condition who have impaired facial expression processing 

but intact facial identity processing). Lastly, I discuss how my results shed light on when 

facial expression and facial identity processing may segregate in development.  

 Models of face processing. The dissociation between prosopagnosics’ facial 

expression and facial identity processing reported in this thesis is in line with influential 

cognitive (Bruce & Young, 1986) and neural (Haxby et al., 2000) models of face processing. 

More specifically, the dissociation between facial expression and facial identity processing 

adds to the wide-ranging evidence that supports the notion of independent processing systems 

for facial expression and facial identity, rather than a shared processing system (Calder & 

Young, 2005). For instance, my findings are consistent with data from brain-damaged 

patients that demonstrate a double dissociation between facial expression and facial identity 

processing (e.g., Adolphs et al., 1994; De Renzi & Di Pellegrino, 1998; Fox et al., 2011). 

They are also in line with EEG data that imply early distinctions between the processing of 

facial expression and facial identity (e.g., Eimer et al., 2003; Eimer & Holmes, 2002; Holmes 

et al., 2003). Taken together, these findings converge on the conclusion that the mechanisms 

involved in facial expression and facial identity processing are independent.  

The results of my thesis are also consistent with neural models of face processing that 

propose anatomical distinctions between facial expression and facial identity processing 

                                                
8 A long-standing argument claims that only acquired impairments, not developmental deficits, can provide 
valid inferences about the organisation and development of normal cognition (Bishop, 1997; Karmiloff-Smith, 
Scerif, & Ansari, 2003; Calder & Young, 2005). The basic argument is that impairments in acquired cases and 
developmental conditions are not comparable. In acquired cases, the impairments affect an otherwise normally 
developing cognitive system. In developmental cases, however, it can only be assumed that cognition developed 
normally except for the specified function (which is thought to be an unlikely occurrence). However, a large and 
growing literature shows that some developmental conditions, like dyslexia, specific language impairment, and 
prosopagnosia can result from circumscribed dysfunctions restricted to specific cognitive mechanisms 
(Duchaine et al., 2006; Friedmann & Gvion, 2002; Rasmus, 2002; Van der Lely, 2005). Indeed, face processing 
deficits in developmental prosopagnosia can be as selective as those observed in acquired cases (e.g., Bentin, 
DeGutis, D'Esposito, & Robertson, 2007; Duchaine et al., 2006; Humphreys, Avidan, & Behrmann, 2007; Shah, 
Gaule, Gaigg, Bird, & Cook, 2015).  
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(Haxby et al., 2000). In Haxby and collagues’ model, ventral regions, like the fusiform face 

area (FFA), are more involved in processing invariant facial information (e.g., identity), 

while dorsal regions, like the posterior superior temporal sulcus (pSTS), are more involved in 

processing changeable facial information (e.g., expression). This distinction has been 

demonstrated using fMRI-adaptation techniques, where repetition of facial identity leads to 

adaptation in fusiform cortex, whereas repetition of facial expression leads to adaptation in 

the STS (Winston et al., 2004). Similarly, TMS studies have implicated the involvement of 

the pSTS in facial expression processing and the FFA in facial identity processing (Pitcher, 

2014; Pitcher et al., 2008; 2009). 

In their revision of the Haxby and colleagues’ model, Duchaine and Yovel (2015) 

propose that the dorsal and ventral face processing streams should be conceptualised as  

pathways for processing dynamic versus static face information, rather than changeable 

versus invariant face information. This proposed change is based on recent findings showing 

that dorsal face-selective regions, including the STS, are much more responsive to dynamic 

than to static face stimuli. For example, ventral regions like the OFA and FFA show a 

slightly higher response to dynamic faces compared to static ones, whereas the pSTS’s 

response to dynamic faces is significantly larger compared to the response to static faces (Fox 

et al., 2009; Pitcher et al., 2011). Interestingly, the prosopagnosics I tested performed 

comparably with dynamic and static stimuli, suggesting that processing of static versus 

dynamic facial expressions does not dissociate in prosopagnosia. Therefore, the results 

reported in this thesis fit better with Haxby and colleagues’ (2000) key distinction between 

processing of changeable (e.g., expression) versus invariant (e.g., identity) facial information. 

Single versus double dissociation. Although this thesis shows a dissociation between 

prosopagnosics’ facial expression and facial identity processing, evidence of a double 

dissociation is necessary to more convincingly support the independent systems account. 

Currently, there is no clear evidence of the other half of the double dissociation (impaired 

facial expression processing but normal facial identity processing) in individuals who have 

developmental conditions, but it has been demonstrated in brain-damaged patients. Like the 

prosopagnosics reported in this thesis, some acquired prosopagnosics have impaired facial 

identity processing, but intact facial expression processing (e.g., De Renzi & Di Pellegrino, 

1998; Fox et al., 2011; Mattson et al., 2000; Riddoch, et al., 2008; Tranel et al., 1988). Other 

patients who have different areas damaged (e.g., bilateral lesions to the amygdala) than in 

acquired prosopagnosia show the reverse pattern: impaired facial expression processing, but 

normal facial identity processing (e.g., Adolphs et al., 1994; Calder et al., 1997; Humphreys 
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et al., 1993; Sprengelmeyer et al., 1997; Young et al., 1993; 1996). This double dissociation 

between facial identity and facial expression processing provides strong support for the 

independent systems account of face processing. Future studies should pursue systematic 

evidence of intact facial identity processing but impaired facial expression processing in 

individuals with developmental conditions. If found, such a dissociation would provide even 

more convincing support for Bruce and Young's (1986) model. 

Development of face processing. Because I tested developmental prosopagnosics, 

my results imply not only that facial expression and facial identity processing rely on 

different mechanisms, but also that these mechanisms dissociate in development. However, it 

is not clear from the data in this thesis when facial expression and facial identity mechanisms 

split. One possibility is that the split occurs early and that facial expression and facial identity 

mechanisms develop independently. Alternatively, facial expression and facial identity 

mechanisms develop together and are both impaired in child prosopagnosics, but because 

facial expression is easier to learn (or compensate for), the majority of adult prosopagnosics 

demonstrate normal or close to normal facial expression processing. This second pattern has 

been observed with prosopagnosics’ face perception and face memory processing. Dalrymple 

and colleagues (2014) found that while child prosopagnosics were impaired with both face 

perception and face memory, only half of adult prosopagnosics were impaired with face 

perception (all adults were impaired with face memory). Because all child prosopagnosics 

demonstrate impaired face perception, but only some adult prosopagnosics do suggests that 

face perception is easier to learn (or compensate for) than face memory. 

Support for a split early in development comes from the inversion effect data in this 

thesis. Prosopagnosics never showed reduced inversion effects on all facial expression tasks, 

suggesting that they use similar face mechanisms to match and label facial expressions, as 

typically developing controls. This results suggests that prosopagnosics’ did not compensate 

their performance on the facial expression processing tasks using alternative mechanisms. 

Stronger evidence of an early split between the processing of facial expression and facial 

identity would come from intact facial expression processing in child prosopagnosics. 

Previous studies of facial expression processing in child prosopagnosia found mixed results. 

Ariel and Sadeh (1996) reported impaired facial expression recognition in LG, an 8-year-old 

boy, whereas Jones and Tranel (2001) observed normal recognition in TA, a 5-year-old boy 

(although performance was close to ceiling level for both TA and controls). A future study 

tracking the development of a large sample of child prosopagnosics’ facial expression and 

facial identity processing would answer when in development the split occurs. 



FACIAL EXPRESSION PROCESSING IN PROSOPAGNOSIA 
 

 65 
 

4.3 Online studies of neuropsychology  
 

This thesis makes a methodological contribution to the field of cognitive 

neuropsychology. By collecting large quantities of high-quality data over a relatively short 

period (roughly 6 months), my research serves as a model for high-throughput and high-

powered neuropsychology studies of face processing. Such rapid and large-scale data 

collection is only made possible by online testing methods because it enables efficient 

evaluation and testing of geographically widespread groups of participants, like 

prosopagnosics. Online testing opens up new possibilities for investigating other 

developmental conditions that, like prosopagnosia, have a relatively high prevalence in the 

general population yet are not well understood. Some of these conditions include, 

phonagnosia (inability to recognise voices, which is estimated to affect 3.2% of the adult 

population; Shilowich & Biederman, 2016), dyscalculia (difficulty with mathematical 

calculations, which is estimated to affect 3-6.5% of school-age children; Gross-Tsur, Manor, 

& Shalev, 1996; Shalev, Auerbach, Manor, & Gross-Tsur, 2000), and topographagnosia 

(inability to orient in environments, however there is no estimate of prevalence yet; Iaria & 

Barton, 2010). 

Future prosopagnosia studies should aspire to collect data from even larger samples 

than those in this thesis to enable cluster analyses for condition subtyping. One particularly 

impressive study that analysed data from 19,133 individuals with self-reported synaesthesia 

did just this (Novich, Cheng, & Eagleman, 2011). Novich and colleagues’ key finding was 

that synaesthetes could be clustered into five different subtypes, implying that synaesthesia is 

not a unitary phenomenon, but instead, a collective term that encompasses a variety of forms. 

Conducting a similar study with prosopagnosics would enable researchers to demarcate 

prosopagnosia subtypes (if they should exist).  

A particular challenge for online studies in neuropsychology is to ensure that the 

control participants produce quality data. Although I had several reasons for using mTurk 

(e.g., reliable data and time/cost-effectiveness), a potential problem arises from mTurk 

participants not being restricted with regards to the studies in which they participate. Thus, 

the likelihood of mTurk participants being naïve to stimulus sets (especially commonly used 

ones like Ekman and Friesen’s (1976) POFA set) and specific tasks is lower than what would 

be expected in an undergraduate student sample (Chandler, Mueller, & Paolacci, 2014). If the 

control participants in this thesis had indeed been exposed to some of the stimuli sets and 

tasks used in Studies 1 and 2, then they may have performed better across the tasks than if 
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they had been naïve. If this is the case, then the controls' performance on the tasks within this 

thesis might be an over-estimation of a typically developing control samples performance, 

and consequently result in over-estimations of the prosopagnosics’ deficits in facial 

expression and facial identity processing. To account for this potential limitation, future 

studies should collect control data using both online and in-house laboratory testing9. 

Although this will require more time and resources, similar patterns of performance across 

online and laboratory control samples will allow researchers to draw stronger conclusions. 

 

4.4 Conclusions 
 

 The aim of this thesis was to comprehensively investigate facial expression 

processing in prosopagnosia. To do this, I conducted two studies. In Study 1, I contrasted 

prosopagnosics’ ability to perceive facial expression against their ability to perceive facial 

identity. Participants completed three facial expression tasks and three parallel facial identity 

tasks matched on format and difficulty. Relative to controls, prosopagnosics’ performance on 

facial identity tasks was more impaired than their performance on the expression tasks, 

demonstrating a dissociation between their ability to process the two face aspects. The 

dissociation was also observed in inversion effects, with prosopagnosics producing 

comparable inversion effects to controls on the facial expression tasks, but smaller inversion 

effects on the facial identity tasks. Together, these results suggest that prosopagnosics use 

similar mechanisms as controls to perceive facial expression, but different mechanisms to 

controls to perceive facial identity. In Study 2, I provided a more thorough investigation of 

prosopagnosics’ facial expression processing by looking at their ability to recognise facial 

expressions. Participants completed four expression labelling tasks that measured their 

recognition of basic and complex expressions from static and dynamic stimuli. Relative to 

controls, prosopagnosics performed more poorly on the basic expression tasks but performed 

comparably on the complex expression tasks. Whether the face stimuli were static or 

dynamic did not affect participants performance. Although prosopagnosics showed a slight 

deficit in their ability to label basic expressions, the inversion data suggests that they use 

comparable mechanisms to recognise them. Across both studies, subthreshold autism traits 

                                                
9 I piloted all of the tasks in this thesis across two undergraduate student samples (n = 22 and n = 23) from 
Victoria University of Wellington, although the type and combination of tasks they completed is not identical to 
those used in Study 1 and 2. Nevertheless, the students performed comparably to mTurk controls across all 
tasks, suggesting that the mTurk data are as reliable as those obtained from lab-based testing methods. 
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accounted for prosopagnosics’ subtle expression processing deficits. Further, the proportion 

of prosopagnosics who either had deficits for facial expression perception or facial 

expression recognition were small, indicating that the majority of prosopagnosics have 

normal facial expression processing. 

Taken together, Study 1 and 2 of my thesis provide strong evidence that the ability to 

process facial expression is normal in prosopagnosia. This thesis informs our understanding 

of prosopagnosia by supporting the idea that the core processing deficit in prosopagnosia is 

specific to facial identity, rather than a deficit that also encompasses facial expression 

processing. This thesis also adds to the wide-spread evidence supporting the notion of 

independent mechanisms for facial expression and facial identity processing (e.g., Bruce & 

Young, 1986; Haxby et al., 2000), and suggests that these mechanisms dissociate in 

development. In doing so, my thesis provides a valuable step toward bettering our 

understanding of prosopagnosia and the functional organisation of normal face processing. 
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Appendix A 

Past studies of facial expression processing in prosopagnosia 

 

Table A1. Summary of past studies that measured facial expression in prosopagnosia.   

Author/s 
(year) 

Facial 
expression 

deficit? 

Reported 
response 
times? 

Prosop-
agnosic 
sample 

size (age, 
gender) 

Control sample 
size (age, 
gender) 

# of 
tasks  

Inverted 
condition or 
equivalent? 

Overcame 
circular 
analysis? 

Task format 

Labelling 
and/or 

matching 
tasks? 

Dynamic 
stimuli? 

Complex 
and/or basic 
expressions? 

Autism 
measure? 

Ariel & 
Sadeh 
(1996) 

Yes No 1 (LG, 8 
y/o, boy) 

4 (age and gender 
matched) 1 No No (1) 4-AFC labelling 

test  Labelling No Basic No 

Bennetts et 
al. (2015) No No 9 (m = 54 

y/o, 4 man) 
14 (age and 

gender matched) 1 No Yes 
(1) 4-AFC Reading 

the Mind in the 
Eyes test  

Labelling No Complex No 

Bentin et al. 
(2007) No 

Yes (same 
pattern as 
accuracy) 

1 (KW, 26 
y/o, woman) 

12 under-graduate 
students  1 No Yes 

(1) expression (and 
parallel identity) 
matching tests  

Matching No Basic No 

Biotti & 
Cook 
(2016) 

Yes No 17 (m = 46 
y/o, 5 men) 

Test 1: 23 (m = 43 
y/o, 6 men). Test 
2: 23 (m = 44 y/o, 
7 men). Test 3: 22 

(m = 43 y/o, 8 
men)  

3 No No 

(1) 2-AFC labelling 
test (2) 4-AFC 

labelling test (eye-
region stimuli) (3) 
6-AFC vocal affect 

labelling test  

Labelling No Basic 

Did not 
measure 

autism, but 
prosop-

agnosics did 
not “have a 
history” of 

autism. 

Burns et al. 
(2017) 

Yes (they 
did not 
adapt to 

happiness 
normally) 

Yes (same 
pattern as 
accuracy) 

10 (m = 29 
y/o, 3 men) 

10 (age- and 
gender-matched) 1 No No (1) 2-AFC 

adaptation test  Labelling No Basic No 
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Author/s 
(year) 

Facial 
expression 

deficit? 

Reported 
response 
times? 

Prosop-
agnosic 
sample 

size (age, 
gender) 

Control sample 
size (age, 
gender) 

# of 
tasks  

Inverted 
condition or 
equivalent? 

Overcame 
circular 
analysis? 

Task format 

Labelling 
and/or 

matching 
tasks? 

Dynamic 
stimuli? 

Complex 
and/or basic 
expressions? 

Autism 
measure? 

De Haan & 
Campbell 

(1991) 
Yes No 1 (AB, 27 

y/o, woman)  
4 (age- and 

gender-matched) 2 No Yes 
(1) matching task 

(2) 6-AFC labelling 
test 

Labelling 
and 

matching 
No Basic No 

Dobel et al. 
(2007) 

Mixed (1/6 
prosopagnos

ics 
impaired) 

 
No 

6 (m = 42 
y/o, range = 
27-56 y/o, 4 

men) 

6 (age- and 
gender-matched) 1 No No 

(1)  4-AFC labelling 
test (Tubinger 
Affect Battery)  

Labelling No Basic 

Yes 
(assessment 

not specified, 
but report 'no 
evidence of 

social 
dysfunction') 

Duchaine et 
al. (2006) 

Yes (only 
on the 

Reading the 
Mind in the 

Eyes test 
and 

matching 
task) 

No 1 (Edward, 
53 y/o, man) 

14 under-graduate 
students (range 

55-64 y/o) 
3 No Yes 

(1) 6-AFC Emotion 
Hexagon test (2) 4-
AFC Reading the 
Mind in the Eyes 

test (3) 3-AFC 
match-to-sample 

test 

Labelling 
and 

matching 
No Complex and 

basic No 

Duchaine et 
al. (2009) Yes No 

2 (DH and 
TU, 31 and 

32 y/o, men) 

18 (m = 29 y/o, 11 
women) 1 No No 

(1) 3-AFC Films 
Facial Expression 

test  
Labelling No Complex and 

basic 

Yes, 
Interview, 

Autism 
Diagnostic 

Observation 
Schedule, and 

Autism 
Quotient 

Duchaine et 
al. (2003) No 

Yes (same 
pattern as 
accuracy) 

1 (NM, 40 
y/o, woman) 

25 under-graduate 
students (not age-

matched) 
4 No No 

(1) 6-AFC Emotion 
Hexagon test (2) 4-
AFC Reading the 
Mind in the Eyes 
test (3) matching 
test (4) emotional 

intensity judgement 
test 

Labelling 
and 

matching 
No Complex and 

basic No 
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Author/s 
(year) 

Facial 
expression 

deficit? 

Reported 
response 
times? 

Prosop-
agnosic 
sample 

size (age, 
gender) 

Control sample 
size (age, 
gender) 

# of 
tasks  

Inverted 
condition or 
equivalent? 

Overcame 
circular 
analysis? 

Task format 

Labelling 
and/or 

matching 
tasks? 

Dynamic 
stimuli? 

Complex 
and/or basic 
expressions? 

Autism 
measure? 

Duchaine et 
al. (2007) No No 

10 members 
of an 

extended 
family 

20 (12 age-
matched with 

kids, and 8 
matched with 

adults) 

1 No No 
(1) 4-AFC Reading 

the Mind in the 
Eyes test 

Labelling No Complex No 

Fisher et al. 
(2017) No 

Yes (same 
pattern as 
accuracy) 

12 (m = 33 
y/o, range = 
21-49 y/o, 4 

men) 

12 (m = 32 y/o, 
range = 21-46 y/o, 

3 men) 
2 No Yes 

(1) 4-AFC Reading 
the Mind in the 

Eyes test (2) 
expression (and 
parallel identity) 

matching test  

Labelling 
and 

matching 
No Complex and 

basic No 

Humphreys 
et al. (2007) No 

Yes (same 
pattern as 
accuracy) 

3 (m = 43 
y/o, range = 
28-60 y/o, 2 

men) 

2 (age- and 
gender-matched)  1 No Yes (1) 6-AFC Emotion 

Hexagon test Labelling No Basic 

Yes (measure 
not detailed 
but excluded 
anyone with 

autism) 

Jones & 
Tranel 
(2001) 

No No 1 (TA, 5 
y/o, boy) 

2 (age- and 
gender-matched) 1 No No (1) 2-AFC labelling 

test Labelling No Basic No 

Kress & 
Daum 
(2003) 

No No 

2 (m = 44 
y/o, range = 
34-54 y/o, 
all women) 

4 for each prosop-
agnosic (age- and 
gender-matched) 

1 (4 
sub-
tests) 

No Yes 

(1) 4 subtests of 
Tubinger Affect 
Battery: affect 
discrimination, 

naming, 
identification and 

matching.  

Labelling 
and 

matching 
No Basic No 

Lee et al. 
(2010) No No 

3 (m =  47 
y/o, range: 
34-67 y/o, 
father and 

two 
daughters) 

Test 1: Baron-
Cohen et al., 

(2001) norm data. 
Test 2: not 

detailed 

2 No No 

(1) 4-AFC Reading 
the Mind in the 

Eyes test (2) 3-AFC 
match-to-sample 

task 

Labelling 
and 

matching 
No Complex and 

basic 

Yes (measure 
not detailed 

but no prosop-
agnosics 

'showed signs' 
of autism)  
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Author/s 
(year) 

Facial 
expression 

deficit? 

Reported 
response 
times? 

Prosop-
agnosic 
sample 

size (age, 
gender) 

Control sample 
size (age, 
gender) 

# of 
tasks  

Inverted 
condition or 
equivalent? 

Overcame 
circular 
analysis? 

Task format 

Labelling 
and/or 

matching 
tasks? 

Dynamic 
stimuli? 

Complex 
and/or basic 
expressions? 

Autism 
measure? 

Minnebusch 
et al. (2007) Yes No 

4 (m = 37 
y/o, 2 

women) 

9 (m = 40 y/o, 4 
women) 

1 (4 
sub-
tests) 

No Yes 

(1) 4 subtests of 
Tubinger Affect 
Battery: affect 
discrimination, 

naming, 
identification and 

matching  

Labelling 
and 

matching 
No Basic No 

Nunn et al. 
(2001) No No 1 (EP, 37 

y/o, man) 
10 (age- and 

gender-matched) 1 No No 
(1) 6-AFC Ekman 
60 Faces labelling 

test 
Labelling No Basic No 

Palermo et 
al. (2011) 

No (but, 
show 

weakened 
expression 
composite 

effect 
relative to 
controls) 

Yes (for 
composite 

task, but not 
for other 

tasks) 

12 (m = 41 
y/o, range = 
20-60 y/o, 4 

men) 

17 (m = 39 y/o, 
range = 19-60 y/o, 

7 men) 
4 

Yes 
(composite 
expression 

task) 

No 

(1) 6-AFC Ekman 
60 Faces labelling 

test (2) 6-AFC 
Emotion Hexagon 

test (3) 4-AFC 
Reading the Mind in 

the Eyes test (4) 
Expression 

Composite test 

Labelling No Complex and 
basic 

Yes, Autism 
Quotient 
(showed 
normal 
scores) 

Schmalzl et 
al. (2008) 

Mixed (4/7 
prosopagnos

ics 
impaired) 

No 

7 (range = 
4-87 y/o) 
note: four 

generations 
of the same 

family 

5 each for 5 
control groups for 
the different age 

brackets 

1 No No (1) 6-AFC labelling 
task Labelling No Basic No 

 
Abbreviations: AFC = alternative forced choice, y/o = years old 
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Appendix B 

Study 1 supplementary analyses 
 
B.1 Individual task validation in independent samples 
 

Prior to the main experiment, Study 1 tasks were validated with independent mTurk 

samples to ensure they met three criteria. First, mean task performance did not suffer from 

ceiling or floor effects. Second, the expression and identity version of each task format were 

matched on difficulty. Third, each task produced sizeable inversion effects. For all tasks, each 

participant completed the upright and inverted conditions.  

Participants were excluded from analyses if they (1) were older than 52 years of age 

(to match our prosopagnosic samples’ age range), (2) completed both the identity and 

expression version of a given format, and/or (3) performed at or below chance level for a 

given task. For each task format, I ran a 2 (stimulus orientation: upright, inverted) x 2 (task 

format: expression, identity) mixed-design ANOVA on accuracy, with stimulus orientation as 

the within-subjects factor and task format as the between-subjects factor. 

Simultaneous matching tasks. Participants completed the expression and identity 

simultaneous matching tasks (n = 100 each). After exclusion, the final samples comprised 56 

individuals for the expression task and 51 for the identity task. The mean scores on the 

expression task were 71.10% (SD = 14.13%) in the upright condition and 63.07% (SD = 

15.10%) in the inverted condition. The mean scores on the identity task were 70.34% (SD = 

15.29%) in the upright condition and 58.77% (SD = 15.28%) in the inverted condition. There 

was a main effect of stimulus orientation, indicating that, on both tasks, performance was 

better upright than inverted (Mupright = 70.74, SDupright = 14.63; Minverted = 61.02, SDinverted = 

15.27; F(1, 105) = 82.28, p < .001,  = .44). The main effect of task format (F(1, 105) = 

0.89, p = .349,  = .01), and the interaction between stimulus orientation and task format 

were not significant (F(1, 105) = 2.67, p = .105,  = .03). 

Performance on the expression and identity simultaneous matching tasks was below 

ceiling and above floor (chance performance is 33.33%). Sizeable inversion effects were 

observed for both tasks. The lack of main effect of task format indicates that the expression 

and identity tasks are matched on difficulty. The non-significant interaction between task 

type and stimulus orientation suggests that both tasks produce comparable inversion effects. 
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Sequential matching tasks. Participants completed the expression and identity 

sequential matching tasks (n = 100 each). After exclusion, the final samples comprised 60 

individuals for the expression task and 57 for the identity task. The mean scores on the 

expression task were 73.17% (SD = 9.56%) in the upright condition and 68.15% (SD = 

9.53%) in the inverted condition. The mean scores on the identity task were 72.22% (SD = 

10.39%) in the upright condition and 64.67% (SD = 10.20%) in the inverted condition. There 

was a main effect of stimulus orientation, indicating that, on both tasks, performance was 

better upright than inverted (Mupright = 72.71, SDupright = 9.94; Minverted = 66.45, SDinverted = 

9.97; F(1, 115) = 71.85, p < .001,  = .39). The main effect of task format (F(1, 115) = 

1.74, p = .189,  = .02) and the interaction between task type and stimulus orientation were 

not significant (F(1, 115) = 2.91, p = .091,  = .03).  

Performance on the expression and identity sequential matching tasks was below 

ceiling and above floor (chance performance is 50.00%). Sizeable inversion effects were 

observed for both tasks. The lack of main effect of task format indicates that the expression 

and identity tasks are matched on difficulty. The non-significant interaction between task 

format and stimulus orientation suggests both tasks produce comparable inversion effects. 

Sorting tasks. Participants completed the expression (n = 99) and identity (n = 100) 

sorting tasks. After exclusion, the final samples comprised 31 individuals for the expression 

task and 29 for the identity task. The mean scores on the expression task were 65.99% (SD = 

14.58%) in the upright condition and 46.95% (SD = 11.47%) in the inverted condition. The 

mean scores on the identity task were 69.44% (SD = 10.41%) in the upright condition and 

50.29% (SD = 10.32%) in the inverted condition. There was a main effect of stimulus 

orientation, indicating that, on both tasks, performance was better upright than inverted 

(Mupright = 67.66%, SDupright = 12.74%; Minverted = 48.56%, SDinverted = 10.97%; F(1, 58) = 

170.69, p < .01,  = .75). The main effect of task format (F(1, 58) = 1.58, p = .213,  = 

.03), and the interaction between stimulus orientation and task type were not significant (F(1, 

58) < 0.01, p = .969,  < .01).  

Performance on the expression and identity sorting tasks was below ceiling and above 

floor (chance performance is 36.00%). Sizeable inversion effects were observed for both 

tasks. The lack of main effect of task format indicates that the facial expression and facial 
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identity tasks are matched on difficulty. The non-significant interaction between task format 

and stimulus orientation suggests that both tasks produce similar-sized inversion effects. 

 

B.2 Controls’ descriptive statistics and data checks  
 

I checked that controls’ performance on the Study 1 tasks (1) did not show ceiling or 

floor effects, (2) revealed sizeable inversion effects, and (3) was comparable on the 

expression and identity version of each task format. Controls’ accuracy and trimmed mean 

response times on each task are presented in Table B1 and B2, respectively. For each task 

format, I ran a 2 (stimulus orientation: upright, inverted) x 2 (task format: expression, 

identity) repeated-design ANOVA on accuracy, with stimulus orientation and task format as 

the within-subjects factors. 

 

Table B1. Controls’ accuracy on the upright and inverted trials of the Study 1 tasks. 

Face Aspect Task Format Upright 

M (SD) 

Inverted 

M (SD) 

  
Simultaneous Matching 

 
77.76 (10.82) 

 
70.76 (10.82) 

Expression Sequential Matching 76.80 (9.75) 70.72 (8.26) 

 Sorting 64.89 (14.09) 43.85 (12.13) 

 Simultaneous Matching 77.28 (11.22) 65.78 (12.82) 

Identity Sequential Matching 74.56 (9.53) 67.34 (10.09) 

 Sorting 71.94 (9.89) 52.50 (10.48) 
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Table B2. Controls’ trimmed mean response times on the upright and inverted trials of the 

Study 1 tasks. 

Face Aspect Task Format Upright 

M (SD) 

Inverted 

M (SD) 

  
Simultaneous Matching 

 
2159 (357) 

 
2092 (355) 

Expression Sequential Matching 2402 (195) 2426 (199) 

 Sorting 20373 (9304) 20101 (10431) 

 Simultaneous Matching 2280 (369) 2421 (495) 

Identity Sequential Matching 2439 (222) 2463 (206) 

 Sorting 21511 (8724) 21054 (9996) 

 

Simultaneous Matching Task. Figure B1 shows the results. The ANOVA revealed 

significant main effects of face aspect (F(1, 132) = 235.10, p < .001,  = .64) and 

orientation (F(1, 132) = 235.10, p < .001,  = .64), which were qualified by a significant 

interaction between face aspect and orientation, F(1, 132) = 14.60, p < .001,  = .10. I ran 

post hoc comparisons to break down this interaction. Controls’ performance on the upright 

condition of the facial expression and facial identity tasks were comparable (Mexpression = 

77.76%, SDexpression = 10.82%; Midentity = 77.28%, SDidentity = 11.22%; t(132) = 0.50, p = .618, 

dz = .04). However, controls’ performance on the inverted condition was better on the facial 

expression task than the facial identity task (Mexpression = 70.95%, SDexpression = 10.43%; 

Midentity = 65.78%, SDidentity = 12.82%; t(132) = 4.55, p < .001, dz = .39). I ran a follow-up 

paired samples t-test to compare the size of controls inversion effects for the facial expression 

and the facial identity task, which revealed that the inversion effect for the facial expression 

task was smaller than that for the facial identity task (Mexpression = 6.80%, SDexpression = 7.99%; 

Midentity = 11.50%, SDidentity = 11.49%), t(132) = 3.81, p < .001, dz = 0.33).  
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\ 

 
Figure B1. Boxplots of controls’ accuracy on the inverted and upright conditions of the facial expression (left) 
and facial identity (right) simultaneous matching tasks. Points represent individual data. Diamonds represent the 
mean score for each condition. 
 

Regarding the three data checks, first, controls did not show ceiling or floor 

performance on the upright or inverted conditions of the expression and identity tasks. 

Second, both tasks produced sizeable inversion effects, although they were larger for the 

identity task than for the expression task. Third, controls’ performance on the upright 

condition of both tasks was comparable, indicating that the difficulty level for the upright 

trials is matched. However, performance on the inverted condition of both tasks was not 

matched. 

Sequential Matching Task. Figure B2 shows the results. The ANOVA revealed a 

significant main effect of face aspect, indicating that controls’ performance on the facial 

expression task was sightly better than on the facial identity task (Mexpression = 73.76, 

SDexpression = 9.52; Midentity = 70.95%, SDidentity = 10.44%; F(1, 132) = 14.54, p < .001,  = 

.10). There was also a significant main effect of orientation, indicating that controls’ 

performance on the inverted conditions of both tasks was poorer than their performance on 
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the upright conditions (Minverted = 70.87%, SDinverted = 9.76%; Mupright = 74.03%, SDupright = 

9.52%; F(1, 132) = 199.21, p < .001,  = .60). The interaction between face aspect and 

orientation was not significant, indicating that the inversion effects for the facial expression 

and facial identity tasks were comparable, F(1, 132) = 1.48, p = .226,  = .01.  

 

 

 
 
 
Figure B2. Boxplots of controls’ accuracy on the inverted and upright conditions of the facial expression (left) 
and facial identity (right) sequential matching tasks. Points represent individual data. Diamonds represent the 
mean score for each condition. 
 

Regarding the three data checks, first, controls did not show ceiling or floor 

performance on the upright or inverted conditions of the facial expression and facial identity 

tasks. Second, both tasks produced sizeable inversion effects that are of comparable size. 

Third, controls’ performance on the upright and inverted condition of the two tasks was not 

matched, with better performance overall in the facial expression task. 

Sorting Task. Figure B3 shows the results. The ANOVA revealed a significant main 

effect of face aspect, indicating that controls’ performance on the facial expression task was 

poorer than their performance on the facial identity task (Mexpression = 54.37%, SDexpression = 
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16.83%; Midentity = 62.22%, SDidentity = 14.08%; F(1, 132) = 80.32, p < .001,  = .38). There 

was also a significant main effect of orientation, indicating that controls’ performance on the 

inverted conditions of both tasks was poorer than their performance on the upright conditions 

(Minverted = 56.10%, SDinverted = 16.00%; Mupright = 60.23%, SDupright = 17.02%; F(1, 132) = 

588.51, p < .001,  = .82). The interaction between face aspect and orientation was not 

significant, indicating that the size of controls inversion effects for the facial expression and 

facial identity tasks were comparable (F(1, 132) = 1.28, p = .220,  = .01).  

 

 

 
 

 
Figure B3. Boxplots of controls’ accuracy on the inverted and upright conditions of the facial expression (left) 
and facial identity (right) sorting tasks. Points represent individual data. Diamonds represent the mean score for 
each condition. 
 

Regarding the three data checks, first, controls did not show ceiling or floor 

performance on the upright or inverted conditions of the facial expression and facial identity 

tasks. Second, both tasks produced sizeable inversion effects that were of comparable size. 

Third, controls’ performance on the upright and inverted conditions of both tasks was not 
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comparable, with the facial expression task being more difficult across both orientations 

compared to the facial identity task.  

 
B.3 Prosopagnosics’ descriptive statistics 
 

Prosopagnosics’ accuracy and trimmed mean response times on the upright and 

inverted trials of the Study 1 tasks are presented in Table B3 and B4, respectively. 

 
Table B3. Prosopagnosics’ accuracy on the upright and inverted trials of the Study 1 tasks. 

Face Aspect Task Format Upright 

M (SD) 

Inverted 

M (SD) 

  
Simultaneous Matching 

 
76.09 (9.54) 

 
69.35 (9.69) 

Expression Sequential Matching 75.12 (8.75) 67.74 (8.89) 

 Sorting 59.50 (13.58) 43.53 (9.42) 

 Simultaneous Matching 70.09 (10.31) 64.07 (11.13) 

Identity Sequential Matching 66.17 (8.16) 62.88 (7.34) 

 Sorting 59.67 (10.34) 49.75 (10.18) 

 

Table B4. Prosopagnosics’ trimmed mean response times on the upright and inverted trials 

of the Study 1 tasks. 

Face Aspect Task Format Upright 

M (SD) 

Inverted 

M (SD) 

  
Simultaneous Matching 

 
2641 (376) 

 
2652 (411) 

Expression Sequential Matching 2669 (192) 2693 (213) 

 Sorting 27689 (10092) 25897 (11369) 

 Simultaneous Matching 2924 (511) 3018 (629) 

Identity Sequential Matching 2648 (214) 2682 (221) 

 Sorting 30362 (8925) 29137 (10913) 
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B.4 Sequential matching tasks d’ and criterion analyses  

 
d’ scores were calculated for prosopagnosics’ and controls’ performance on the facial 

expression and facial identity sequential matching tasks to check that the same pattern of 

performance was observed with a bias-free measure of sensitivity. Figure B4 shows the 

results. I ran a 2 (face aspect: expression, identity) x 2 (group: prosopagnosic, control) mixed-

design ANOVA on d’ scores for upright trials, with face aspect as the within-subjects factor 

and group as the between-subjects factor. There were significant main effects of face aspect 

(F(1, 255) = 75.60, p < .001,  = .23) and group (F(1, 255) = 26.50, p < .001,  = .09), 

and a significant interaction between face aspect and group (F(1, 255) = 20.00, p < .001,  

= .07). Post hoc comparisons showed that controls’ and prosopagnosics’ d’ scores were 

comparable on the facial expression task, indicating that prosopagnosics and controls have 

similar response sensitivity to discriminating facial expressions (Mcontrol = 1.64, SDcontrol = 

0.71; Mprosopagnosic = 1.50, SDprosopagnosic = 0.60; t(255) = 1.70, p =.090, d = .21). Conversely, 

relative to controls’, prosopagnosics’ d’ scores were smaller on the facial identity task, 

indicating that prosopagnosics have reduced discriminative sensitivity to facial identity 

compared to controls (Mcontrol = 1.45, SDcontrol = 0.69; Mprosopagnosic = 0.92, SDprosopagnosic = 

0.49; t(255) = 7.05, p < .001, d = .88). Overall, the pattern of performance observed with d’ 

scores mirrored that observed in raw accuracy scores.  
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Figure B4. Boxplots depicting prosopagnosics’ and controls’ d’ values on the facial expression (left) and facial 
identity (right) sequential matching tasks for upright trials. Points represent individual data. Diamonds represent 
the mean score for each condition. 
 

Criterion (C) scores were also calculated to see if prosopagnosics and controls 

showed differing response biases for responding ‘same’ or ‘different’ in the facial expression 

and facial identity sequential matching tasks. Figure B5 shows the results. I ran a 2 (face 

aspect: expression, identity) x 2 (group: prosopagnosic, control) mixed-design ANOVA on C 

scores for upright trials, with face aspect as the within-subjects factor and group as the 

between-subjects factor. The main effects of face aspect (F(1, 255) = 0.59, p =.442,  < .01) 

and group (F(1, 255) = 3.19, p =.075,  < .01), and the interaction between face aspect and 

group were not significant, F(1, 255) = 0.82, p = .365,  < .01. These results indicate that 

prosopagnosics’ and controls’ response biases were comparable for the facial expression 

(Mprosopagnosic = - 0.04, SDprosopagnosic = 0.38; Mcontrol = .05, SDcontrol = .36) and facial identity 

(Mprosopagnosic = 0.01, SDprosopagnosic = 0.43; Mcontrol = .05, SDcontrol = .32) sequential matching 

tasks.  
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Figure B5. Boxplots depicting prosopagnosics’ and controls’ C values on the facial expression (left) and facial 
identity (right) sequential matching tasks for upright trials. Points represent individual data. Diamonds represent 
the mean score for each condition. 
 
B.5 Median response time analyses 

 

In addition to trimmed mean response times, I also analysed median response times 

(see Table B5) to further check that differences in response time could not account for the 

pattern of results observed in accuracy. 

Dissociation between facial expression and facial identity. Figure B6 shows the 

results. I ran a 2 (face aspect: expression, identity) x 2 (group: prosopagnosic, control) mixed-

design ANOVA on response times for upright trials, collapsing across task format, with face 

aspect as the within-subjects factor and group as the between-subjects factor. There was a 

main effect of group, indicating that controls were faster than prosopagnosics for both face 

aspects (Mcontrol = 8403 ms, SDcontrol = 3276 ms; Mprosopagnosic = 11557 ms, SDprosopagnosic = 

3568 ms; F(1, 255) = 62.20, p < .001,  = .20). There was also a main effect of face aspect, 

indicating that both groups were slower with identity than with expression tasks (Midentity = 
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10255 ms, SDidentity = 3648 ms; Mexpression  = 9595 ms, SDexpression = 3854 ms; F(1, 255) = 

21.33, p < .001,  = .08). Critically, the interaction between face aspect and group was not 

significant, indicating that the dissociation I observed in accuracy cannot be accounted for by 

response time differences, F(1, 255) = 2.54, p = .112,  = .01.  

 

Table B5. Prosopagnosics’ and controls’ median response times on the upright and inverted 

trials of the Study 1 tasks. 

 
Face 
Aspect 

 
Task Format 

Upright 

Controls 

M 

 

Prosopagnosics 

(SD) 

Inverted 

Controls 

M 

 

Prosopagnosics 

(SD) 

  
Simultaneous 
Matching 

 
2136 (537) 

                   
2657 (619) 

 
2043 (511) 

 
2637 (669) 

Expression Sequential 
Matching 

2367 (207) 2646 (244) 2401 (223) 2666 (267) 

 Sorting 20049 (9702) 28020 (11096) 19798 (10989) 26012 (12466) 

 Simultaneous 
Matching 

2215 (490) 2901 (739) 2392 (653) 2957 (872) 

Identity Sequential 
Matching 

2376 (197) 2619 (273) 2412 (201) 2649 (295) 

 Sorting 21274 (9371) 30499 (9511) 20849 (10612) 29112 (11725) 
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Figure B6. Boxplots of prosopagnosics’ and controls’ median response times on the facial expression (left) and 
facial identity (right) tasks for upright trials, collapsed across task format. Points represent individual data. 
Diamonds represent the mean score for each condition. 
 

Inversion effects. Figure B7 shows the results. I ran a 2 (face aspect: expression, 

identity) x 2 (group: prosopagnosic, control) mixed-design ANOVA on response time 

inversion effects, collapsing across task format, with face aspect as the within-subjects factor 

and group as the between-subjects factor. There was a main effect of group, indicating that 

prosopagnosics’ inversion effects were larger across both face aspects relative to controls’ 

(Mcontrol = 87 ms, SDcontrol = 1478 ms; Mprosopagnosic = 552 ms, SDprosopagnosic = 2063 ms; F(1, 

255) = 6.58, p = .011,  = .03). The main effect of face aspect was not significant (F(1, 

255) = 1.07, p = .302,  < .01). Importantly, the interaction between face aspect and group 

was not significant, indicating that the dissociation I found in accuracy cannot be accounted 

for by response time differences, F(1, 255) = 0.61, p = .436,  < .01.  
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Figure B7. Boxplots of prosopagnosics’ and controls’ inversion effects in median response times on the facial 
expression (left) and facial identity (right) tasks, collapsed across task format. Points represent individual data. 
Diamonds represent the mean score for each condition. 
 
B.6 Adjusted SATQ analyses 

 

The SATQ is built up of five factors, and one of these factors (“Reading facial 

expressions”) assesses facial expression processing with the following three items: ‘I am 

good at knowing what others are feeling by watching their facial expressions or listening to 

the tone of their voice’, ‘I can sense that someone is not interested in what I’m saying by 

reading their facial expressions’, and ‘I make eye contact when talking with others’. To 

check whether these items were driving the relationship between prosopagnosics’ SATQ 

scores and their performance on the facial expression tasks, I ran correlations with 

prosopagnosics’ SATQ scores that excluded the three ‘reading facial expressions’ items 

(herein, the ‘adjusted SATQ score’). 

I computed a Pearson product-moment correlation coefficients to assess the 

relationship between prosopagnosics’ adjusted SATQ scores and their performance on the 

upright trials of the facial expression and facial identity tasks. Figure B8 shows the 
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correlations. There was a negative correlation between prosopagnosics’ adjusted SATQ 

scores and their performance on the facial expression tasks, indicating that as autism traits 

increase, performance on the facial expression tasks tends to decrease, r(122) = - .28, p = 

.002 (the correlations computed with the adjusted SATQ scores and the unadjusted scores 

were comparable, z = 0.68, p = .497; Lee & Preacher, 2013). There was no correlation 

between prosopagnosics’ adjusted SATQ scores and their performance on the facial identity 

tasks, r(122) = .06, p = .520 (the correlation computed with the adjusted SATQ scores was 

stronger (despite being non-significant) than the correlation with the unadjusted scores, z = 

2.51, p = .012).  

 
 
 

 
 
Figure B8. Scatterplots with lines of best fit for prosopagnosics’ adjusted SATQ scores and their performance 
on the facial expression (left) and facial identity (right) tasks for upright trials, collapsed across task format. 
Grey shading represents the 95% confidence interval. 
 

B.7 Individual expression analyses 

 
In this analysis, I examined whether prosopagnosics have specific impairments for 

individual expressions. Various patient studies have shown that the ability to process specific 

facial expression can be impaired, including disgust (Calder, Keane, Manes, Antoun, & 

Young, 2000; Sprengelmeyer et al., 1996; Suzuki, Hoshino, Shigemasu, & Kawamura, 2006), 
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fear (Adolphs et al., 1994; Calder, 1996; Uono, Sato, & Toichi, 2011), and anger (Calder, 

Keane, Lawrence, & Manes, 2004; Lawrence, Calder, McGowan, & Grasby, 2002). More 

specific to prosopagnosia, Biotti and Cook (2016) recently reported that prosopagnosics were 

impaired at categorising morph faces on a fear-surprise continuum, but normal at categorising 

faces on angry-happy and sad-disgust continua. 

To address this issue, I analysed individual expression data from the simultaneous 

matching task and the sorting task. I did not analyse individual expression data from the 

sequential expression matching task because the “same” versus “different” response format 

makes it unclear what the target facial expression is for a given trial.  

Facial expression simultaneous matching task. I calculated prosopagnosics’ and 

controls’ accuracy for each facial expression (see Table B6 for these values). Figure B9 

shows the results. I ran a 6 (facial expression: angry, sad, disgust, fear, happy, surprise) x 2 

(group: prosopagnosic, control) mixed-design ANOVA on accuracy for upright trials, with 

facial expression as the within-subjects factor and group as the between-subjects factor. 

There was a main effect of facial expression, indicating that prosopagnosics and controls 

were better at recognising some expressions over others (F(4.49, 1146.19) = 269.38, p < 

.001,  = .51). However, given that the individual expressions in this task were not matched 

for difficulty, this finding is not particularly relevant. The main effect of group (F(1, 255) = 

1.47, p = .227,  = .006), and the interaction between facial expression and group were not 

significant (F(5, 1275) = 1.05, p = .388,  = .004), indicating that prosopagnosics showed 

comparable performance for all expressions tested as compared to controls, which is also true 

across the inversion effect analyses. Across all expressions, prosopagnosics’ response times 

were slower than controls.  
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Table B6. Prosopagnosics’ and controls’ accuracy on upright trials for each expression in 

the simultaneous matching task. 

Expression Controls 

M (SD) 

Prosopagnosics 

M (SD) 

 
Angry 

 
85.86 (13.60) 

 
85.40 (12.12) 

Fear 72.56 (17.35) 69.44 (17.87) 

Disgust 56.84 (15.09) 53.71 (15.85) 

Happy 89.17 (14.57) 88.95 (13.48) 

Sad 75.94 (18.99) 73.31 (16.01) 

Surprised 85.41 (13.11) 85.73 (13.01) 

 

 

 

 
 
Figure B9. Boxplots of prosopagnosics’ and controls’ accuracy for each facial expression in the simultaneous 
matching task for upright trials. Points represent individual data. Diamonds represent the mean score for each 
condition.  
 

Facial expression sorting task. I calculated prosopagnosics’ and controls’ accuracy 

for each facial expression (see Table B7 for these values). See Figure B10 for the results. I 

Control                
Prosopagnosic    

                                     Facial Expression 
    



FACIAL EXPRESSION PROCESSING IN PROSOPAGNOSIA 
 

 108 
 

ran a 4 (facial expression: angry, sad, fear, happy) x 2 (group: prosopagnosics, control) 

mixed-design ANOVA on accuracy for upright trials, with facial expression as the between-

subjects factor and group as the within-subjects factor. This revealed a significant main effect 

of facial expression, indicating that prosopagnosics’ and controls’ accuracy was higher for 

some expressions over others (F(3, 765) = 72.15, p < .001,  = .22). As with the 

simultaneous matching task, the different facial expressions were not matched for difficulty 

level making this finding of no particular interest. There was also a significant main effect of 

group, indicating that prosopagnosics performed more poorly than controls across all 

expressions (F(1, 255) = 9.73, p = .002,  = .04). The interaction between facial expression 

and group was not significant, indicating that prosopagnosics do not show a disproportionate 

deficit for some expressions over others (F(3, 765) = 1.28, p = .282,  < .01), which is also 

true across the inversion effect analyses. Across all facial expressions, prosopagnosics’ 

response times were slower than controls’.  

 
Table B7. Prosopagnosics’ and controls’ accuracy on upright trials for each expression in 

the sorting task. 

Expression Controls 

M (SD) 

Prosopagnosics 

M (SD) 

 
Angry 

 
75.73 (18.09) 

 
69.00 (20.48) 

Fear 58.48 (20.50) 54.30 (17.49) 

Happy 58.56 (17.41) 55.29 (18.13) 

Sad 66.79 (17.67) 59.41 (17.18) 
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Figure B10. Boxplots of prosopagnosics’ and controls’ accuracy for each facial expression in the sorting task 
for upright trials. Points represent individual data. Diamonds represent the mean score for each condition.  
 

Overall, these analyses suggest that prosopagnosics’ small expression deficit is not 

driven by problems with particular expressions. Instead, prosopagnosics’ seem to show 

similar-sized, subtle deficits across all expressions assessed in the simultaneous matching 

task and in the sorting task. Further, prosopagnosics showed similar-sized inversion effects to 

controls for each expression, suggesting that prosopagnosics process each expression 

similarly to controls.  

 

 

 

 

 

 

 

 

Control                
Prosopagnosic    

                                     Facial Expression 
    



FACIAL EXPRESSION PROCESSING IN PROSOPAGNOSIA 
 

 110 
 

Appendix C 

Simultaneous matching tasks modification and development 

 

Expression task modification. I made three minor modifications to Palermo and 

colleagues’ (2013) facial expression simultaneous matching task. First, I reduced the number 

of trials from 100 to 60 to both shorten the duration of and optimise the task. From pilot data 

collected via mTurk, I removed trials in which accuracy was close to chance or ceiling. 

Second, all images were changed from full-colour to grey-scale to reduce the salience of skin 

or hair colour cues (this was done primarily for the identity version of the task). Third, I 

balanced the task on three aspects, including number of trials with (1) male and female actors 

(30 trials per gender category), (2) a specific target emotion (10 trials per emotion category, 5 

per gender), and (3) left, right and full-front facing images (20 trials per orientation). I piloted 

the modified version of the task on mTurk. The mean accuracy score from the modified task 

(n = 17, M = 79.00%, SD = 5.00%) was comparable to Palermo and colleagues’ original task 

(n = 80, M = 78.00%, SD = 7.60%), t(95) = 0.52, p = .606, d = .14. 

Identity task development. I created an identity version of Palermo and colleagues’ 

(2013) facial expression simultaneous matching task. The stimuli for the identity task were 

created from the original stimuli set for the expression task. The face triplets were made by 

selecting target faces and distractor faces that belonged to similar looking actors (e.g., the two 

actor identities presented in a trial might both have full lips and dark hair). The stimuli were 

edited using GNU Image Manipulation Program (http:/gimp.org). I piloted the first version of 

the identity matching task through mTurk. Several reiterations of the task were performed 

(which involved changing target faces within the triplets for ones that looked more or less 

similar to the distractor faces) until the average accuracy performance was comparable to that 

of the expression matching task.  
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Appendix D 

Subthreshold Autism Trait Questionnaire (SATQ; Kanne et al., 2012) 

 

A brief, self-report measure that assesses a broad range of subthreshold ASD traits in the 

general population. For each item, please use the scale below to rate the extent to which it 

describes you on most days. There are no right or wrong answers. Please answer all of the 

items the best that you can.  

0 = False, not at all true 

1 = Slightly true 

2 = Mainly true 

3 = Very true 

Note. The items below have been grouped based on which of the five autism constructs they 

measure. Items with “(R)” after them are reverse coded items.  

Social interaction & enjoyment  

1. I like being around other people. (R) 

2. I enjoy social situations where I can meet new people and chat (i.e. parties, dances, sports, 
games). (R) 

3. I seek out and approach others for social interactions. (R) 

4. I like to share my enjoyment with others. (R) 

5. Others consider me warm, caring, and/or friendly. (R)  

6. I respond appropriately to other people’s emotions (for example, comforting someone who 
is upset). (R) 

7. I can have a back and forth conversation (listen well and change topics appropriately). (R) 

8. I use many gestures when speaking with others such as shrugging, ‘‘talking with my 
hands,’’ nodding my head, etc. (R) 

Oddness  

9. Others think that I am strange or bizarre.  

10. I have some behaviours that others consider strange or odd. 
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11. I sometimes say things that others tell me are rude or inappropriate. 

12. I use odd phrases or tend to repeat certain words or phrases over and over again.  

13. I am very interested in things related to numbers (i.e. dates, phone numbers, etc.).  

Reading facial expressions  

14. I am good at knowing what others are feeling by watching their facial expressions or 
listening to the tone of their voice. (R) 

15. I can sense that someone is not interested in what I’m saying by reading their facial 
expressions. (R) 

16. I make eye contact when talking with others. (R) 

Expressive language  

17. I am good at using words to express my thoughts and ideas. (R) 

18. I have difficulty getting my ideas across to others in a conversation. 

19. I have a good imagination. (R) 

Rigidity  

20. I am comfortable with spontaneity, such as going to new places and trying new things. 
(R) 

21. I tend to stick to routines in my day to day life, preferring to do things the same way.  

22. I am considered ‘‘laid back’’ and am able to ‘‘go with the flow’.’ (R) 

23. I sometimes take things too literally, such as missing the point of a joke or having trouble 
understanding sarcasm.  

24. I tend to focus on individual parts and details more than the big picture.  
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Appendix E 

Study 2 supplementary analyses 
 
E.1 Individual task validation in independent samples 
 

The Study 2 tasks were each validated with independent mTurk samples. Like the 

Study 1 tasks, I wanted to ensure that the Study 2 tasks met three validation criteria. First, 

mean task performance did not suffer from ceiling or floor effects. Second, the static and 

dynamic versions of each labelling task were matched on difficulty. Third, each task 

produced sizeable inversion effects. For each task, participants completed the upright and 

inverted conditions. Participants were excluded from analyses if they (1) were older than 52 

years of age (to match the prosopagnosic samples’ age range), (2) completed both static and 

dynamic versions of a given task, and/or (3) performed at or below chance level for a given 

task. For the basic expression and complex expression tasks I ran 2 (stimulus orientation: 

upright, inverted) x 2 (stimulus type: static, dynamic) mixed-design ANOVAs on accuracy, 

with stimulus orientation as the within-subjects factor and stimulus type as the between-

subjects factor. 

Basic expression tasks. One hundred participants completed the static and dynamic 

basic expression tasks each. After exclusion, the final samples comprised 56 individuals for 

the static task and 53 for the dynamic task. The mean scores on the static task were 61.71% 

(SD = 11.43%) in the upright condition and 46.03% (SD = 10.27%) in the inverted condition. 

The mean scores in the dynamic task were 64.04% (SD = 12.32%) in the upright condition 

and 48.28% (SD = 10.99%) in the inverted condition. The ANOVA revealed a significant 

main effect of orientation, indicating that controls performed better on the upright condition 

of both tasks compared to the inverted condition (Mupright = 62.85%, SDupright = 11.88%; 

Minverted = 47.13%, SDinverted = 10.64%; F(1, 108) = 454.76, p < .001,  = .81). The main 

effect of stimulus type (F(1, 108) = 1.29, p = .259,  = .01) and the interaction between 

stimulus orientation and stimulus type were not significant (F(1, 108) = 0.004, p = .950,  < 

.00).  

Controls’ performance on the static and dynamic tasks did not suffer from ceiling or 

floor effects (chance is 16.66%). Both tasks produced sizeable inversion effects. The lack of 

main effect of stimulus type indicates that the static and dynamic tasks are matched on 

difficulty. The non-significant interaction between stimulus type and stimulus orientation 

suggests that the size of the inversion effects are comparable for the static and dynamic tasks.  
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Complex facial expression tasks. Ninety-seven participants completed the static task 

and 101 completed the dynamic task. In addition to the three exclusion criteria, participants 

data was excluded if their median response time was faster than the time needed for all three 

stimuli to be presented in sequence (i.e., faster than 4000 ms). After exclusion, the final 

sample comprised 55 individuals for the static task and 56 for the dynamic task. In the static 

task, the mean scores were 78.53% (SD = 11.63%) in the upright condition and 66.84% (SD 

= 9.73%) in the inverted condition. In the dynamic task, the mean scores were 76.68% (SD = 

10.67%) in the upright condition and 64.70% (SD = 9.79%) in the inverted condition. The 

ANOVA revealed a significant main effect of stimulus orientation, indicating that controls 

performed better on the upright condition of both tasks compared to the inverted condition 

(Mupright = 77.59%, SDupright = 11.15%; Minverted = 65.76%, SDinverted = 9.77%; F(1, 109) = 

142.35, p < .001,  = .57). The main effect of stimulus type (F(1, 109) = 1.34, p = .250,  

= .01) and the interaction between stimulus orientation and stimulus type were not significant 

(F(1, 109) = 0.02, p = .884,  < .01).  

Controls’ performance on the static and dynamic task did not suffer from ceiling or 

floor effects (chance is 33.33% ). Both tasks produced sizeable inversion effects. The lack of 

main effect of stimulus type indicates that the static and dynamic tasks are matched on 

difficulty. The non-significant interaction between stimulus type and stimulus orientation 

suggests that the size of the inversion effects are comparable for the static and dynamic tasks.  

 

E.2 Controls’ descriptive statistics and data checks  

I checked that controls’ performance on the Study 2 tasks (1) did not show ceiling or 

floor effects, (2) revealed sizeable inversion effects, and (3) was comparable on the static and 

dynamic version of each task. Below I report controls’ performance on the Study 2 tasks and 

address whether it satisfies the three criteria outlined above. Controls’ accuracy and trimmed 

mean response times on the upright and inverted trials of each Study 2 task are presented in 

Table E1 and E2, respectively. For both the basic and complex expression tasks, I ran 2 

(stimulus orientation: upright, inverted) x 2 (stimulus type: static, dynamic) repeated-design 

ANOVAs on accuracy, with stimulus orientation and stimulus type as within-subjects factors. 
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Table E1. Controls’ accuracy on the upright and inverted trials of the Study 2 tasks. 

Expression Type Stimulus Type Upright 

M (SD) 

Inverted 

M (SD) 

 
Basic 

 
Static 

 
62.77 (10.04) 

 
49.99 (9.60) 

 Dynamic 65.50 (10.14) 51.09 (9.93) 

Complex Static 79.61 (10.89) 70.32 (12.14) 

 Dynamic 77.49 (10.55) 69.37 (11.42) 

 
Table E2. Controls’ trimmed mean response times on the upright and inverted trials of the 

Study 2 tasks.  

Expression Type Stimulus Type Upright 

M (SD) 

Inverted 

M (SD) 

 
Basic 

 
Static 

 
1673 (265) 

 
1732 (287) 

 Dynamic 2852 (440) 2963 (527) 

Complex Static 4188 (402) 4263 (450) 

 Dynamic 6586 (792) 6422 (1029) 

 

Basic expression labelling tasks. Figure E1 shows the results. The ANOVA revealed 

significant main effects of orientation (F(1, 137) = 657.01, p < .001,  = .83) and stimulus 

type (F(1, 137) = 9.64, p = .002,  = .07). The main effects were qualified by an significant 

interaction between orientation and stimulus type, F(1, 137) = 4.24, p = .041,  = .03. I ran 

post hoc comparisons to break down this interaction. In the upright condition, controls’ 

performance was better on the dynamic task than the static task (Mdynamic = 65.50%, SDdynamic 

= 10.14%; Mstatic = 62.77%, SDstatic = 10.04%; t(137) = 3.50, p = .001, dz = .30). However, in 

the inverted condition, controls’ performance the dynamic and static tasks was comparable 

(Mdynamic = 51.09%, SDdynamic = 9.93%; Mstatic = 49.99%, SDstatic = 9.60%; t(137) = 1.62, p = 

.108, dz = .14). To compare controls’ inversion effects from the static and dynamic tasks, I 

conducted a follow-up paired samples t-test on inversion effects. Controls’ inversion effect 
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for the dynamic task was larger than their inversion effect for the static task (Mdynamic = 

14.41%, SDdynamic = 7.87%; Mstatic = 12.78%, SDstatic = 7.68%; t(137) = 2.06, p = .041, dz = 

.18).  

 

 

 
 
Figure E1. Boxplots of controls’ accuracy on the inverted and upright conditions of the dynamic (left) and static 
(right) basic expression labelling tasks. Points represent individual data. Diamonds represent the mean score for 
each condition. 
 

Regarding the three checks, first, controls did not show ceiling or floor performance 

on either orientation of both stimulus types. Second, both stimulus types produced sizeable 

inversion effects, although the dynamic inversion effect was slightly larger than the static 

inversion effect. Third, controls’ performance on the upright conditions was better for the 

dynamic task than for the static task. Performance on the inverted condition was comparable. 

Complex expression labelling tasks. Figure E2 shows the results. The ANOVA 

revealed a significant main effect of orientation, indicating controls’ performance was better 

on the upright condition of dynamic and static tasks compared to the inverted condition 

(Mupright = 75.81%, SDupright = 11.87%; Minverted = 72.39%, SDinverted = 11.92%; F(1, 137) = 

     Inverted          Upright                 Inverted           Upright 
                                Orientation    

                                           Stimulus Type 
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205.21, p < .001,  = .60). There was also a significant main effect of stimulus type, 

indicating that controls’ performance was slightly lower on the dynamic task than on the 

static task (Mdynamic = 73.43%, SDdynamic = 11.70%; Mstatic = 74.97%, SDstatic = 12.42%; F(1, 

137) = 9.40, p = .003,  = .06). The interaction between orientation and stimulus type was 

not significant, F(1, 137) = 1.48, p = .226,  = .01.  

 

 

 
 
Figure E2. Boxplots of controls’ accuracy on the inverted and upright conditions of the dynamic (left) and static 
(right) complex expression labelling tasks. Points represent individual data. Diamonds represent the mean score 
for each condition. 
  

Regarding the three checks, first, controls did not show ceiling or floor performance 

on either orientation of both stimulus types. Second, both the dynamic and static tasks 

produced comparable inversion effects. Third, controls performed better overall on the static 

task compared to the dynamic task. 

 
E.3 Prosopagnosics’ descriptive statistics 
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Prosopagnosics’ accuracy and trimmed mean response times on the upright and 

inverted trials of the Study 2 tasks are presented in Table E3 and E4, respectively. 

 

Table E3. Prosopagnosics’ accuracy on the upright and inverted trials of the Study 2 tasks. 

Expression Type Stimulus Type Upright 

M (SD) 

Inverted 

M (SD) 

 
Basic 

 
Static 

 
59.51 (9.50) 

 
46.39 (8.48) 

 Dynamic 61.86 (10.98) 49.11 (10.27) 

Complex Static 78.23 (9.21) 64.04 (10.57) 

 Dynamic 76.84 (10.54) 65.12 (9.83) 

 

Table E4. Prosopagnosics’ trimmed mean response times on the upright and inverted trials 

of the Study 2 tasks. 

Expression Type Stimulus Type Upright 

M (SD) 

Inverted 

M (SD) 

 
Basic 

 
Static 

 
1902 (236) 

 
1916 (269) 

 Dynamic 2963 (389) 3329 (703) 

Complex Static 4483 (411) 4518 (380) 

 Dynamic 6670 (796) 6549 (830) 

 

E.4 Median response time analyses 

 
In addition to trimmed mean response times, I also analysed median response times 

(see Table E5) to further check that differences in response time could not account for the 

pattern of results observed in accuracy. 

Dissociation between basic and complex expressions. Figure E3 shows the results. I 

ran a 2 (expression type: basic, complex) x 2 (group: prosopagnosic, control) mixed-design 

ANOVA on response times for upright trials, with expression type as the within-subjects 

factor and group as the between-subjects factor. There was a significant main effect of group, 
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indicating that prosopagnosics were slower than controls across both expression types 

(Mprosopagnosic = 3982 ms, SDprosopagnosic = 1623 ms; Mcontrol = 3783 ms, SDcontrol = 1654 ms; 

F(1, 214) = 10.80, p = .001,  = .05). There was also a significant main effect of expression 

type, indicating that both groups were slower with complex than with basic expressions 

(Mcomplex = 5413 ms, SDcomplex = 611 ms; Mbasic = 2297 ms, SDbasic = 407 ms; F(1, 214) = 

6161.82, p < .001,  = .97). Importantly, the interaction between expression type and group 

was not significant, indicating that the dissociation I observed in accuracy cannot be 

accounted for by response time differences, F(1, 214) = 0.17, p = .683,  < .01.  

 

Table E5. Controls’ and prosopagnosics’ median response times on the upright and inverted 

trials of the Study 2 tasks. 

Expression 
Type 

Stimulus Type Upright 
Controls 

M 

 
Prosopagnosics 
(SD) 

Inverted 
Controls 

M 

 
Prosopagnosics 
(SD) 

 
Basic 

 
Static 

 
1618 (309) 

                    
1891 (373) 

 
1648 (298) 

 
2112 (479) 

 Dynamic 2820 (540) 2978 (556) 2866 (570) 3075 (620) 

Complex Static 4150 (640) 4449 (482) 4237 (635) 4492 (424) 

 Dynamic 6544 (875) 6611 (836) 6448 (1464) 6484 (875) 
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Figure E3. Boxplots of controls’ and prosopagnosics’ median response times on the basic (left) and complex 
(right) facial expression labelling tasks for upright trials, collapsed across stimulus type. Points represent 
individual data. Diamonds represent mean score for each condition. 
 

Inversion effects. Figure E4 shows the results. I ran a 2 (expression type: basic, 

complex) x 2 (group: prosopagnosic, control) mixed-design ANOVA on response time 

inversion effects, with expression type as the within-subjects factor and group as the 

between-subjects factor. There was a significant main effect of expression type (F(1, 214) = 

10.44, p = .001,  = .05), but the main effect of group was not significant, F(1, 214) = 1.23, 

p = .269,  < .01. There was a significant interaction between expression type and group, 

F(1, 214) = 4.43, p = .037,  = .02. Post hoc t-tests revealed that controls’ and 

prosopagnosics’ inversion effects were not comparable for the basic expression tasks (Mcontrol 

= - 38 ms, SDcontrol = 113 ms; Mprosopagnosic = -159 ms, SDprosopagnosic = 224 ms; t(214) = 5.27, p 

< .001, d = .75. Specifically, prosopagnosics had a larger negative value inversion effect than 

controls, indicating that they spent more time on inverted trials than upright trials relative to 

controls. Given that prosopagnosics spent more time on inverted trials rather than upright 

trials, their similar-sized inversion effect in accuracy to controls’ cannot be accounted for by 
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response time differences. On the complex tasks, controls’ and prosopagnosics’ inversion 

effects were of comparable size, indicating that the inversion effects observed in accuracy are 

not accounted for by response time differences (Mcontrol = 5 ms, SDcontrol = 602 ms; 

Mprosopagnosic = 42 ms, SDprosopagnosic = 276 ms; t(214) = 0.51, p = .609, d = .07).  

 

 

 
 
Figure E4. Boxplots of prosopagnosics’ and controls’ inversion effects in median response times on the basic 
(left) and complex (right) facial expression labelling tasks, collapsed across stimulus type. Points represent 
individual data. Diamonds represent mean score for each condition. 
 

E.5 Adjusted SATQ analyses 

 

I computed a Pearson product-moment correlation coefficient to assess the 

relationship between prosopagnosics’ adjusted SATQ scores and their performance on the 

basic expression tasks. Figure E5 shows the correlation. There was a negative correlation 

between prosopagnosics’ adjusted SATQ scores and their performance on the basic 

expression tasks, r(76) = - .24, p = .031 (the correlations computed with the adjusted SATQ 

scores and the unadjusted scores were comparable, z = - 1.29, p = .196), indicating that as 

autism traits increase, performance on the basic expression tasks decreases.  
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Figure E5. Scatterplot with line of best fit for prosopagnosics’ adjusted SATQ scores and their performance on 
the basic expression tasks on upright trials, collapsed across stimulus type. Grey shading represents the 95% 
confidence interval. 
 

E.6 Individual expression analyses 

 

 Despite the lack of impairments for individual expressions in Study 1, it is possible 

that prosopagnosics might demonstrate deficits for individual expressions when they are 

required to label them. Here, I analyse individual expressions from the basic expression task 

because the complex expression task does not have enough trials for each expression.  

I calculated prosopagnosics’ and controls’ accuracy for each facial expression on the 

basic expression tasks (these values are presented in Table E6). Figure E6 shows the results. 

I ran a 6 (facial expression: angry, fear, sad, happy, surprise, and disgust) x 2 (group: 

prosopagnosic, control) mixed-design ANOVA on accuracy for upright trials, with facial 

expression as the within-subjects factor and group as the between-subjects factor. There were 

significant main effects of facial expression (F(4.26, 911.40) = 407.93, p < .001,  = .66) 

and group (F(1, 214) = 7.01, p = .009,  = .03). These main effects were qualified by a 

significant interaction between facial expression and group, F(5, 1070) = 7.51, p < .001,  = 

.03. I conducted post-hoc comparisons to break down this interaction (see Table E6 for t-, p-, 

and Cohen’s d values from these tests). Both groups performed similarly for anger, sad, and 
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surprise, but prosopagnosics showed deficits for disgust, fear, and happy. These results 

suggest that prosopagnosics may have specific deficits at recognising particular expressions.  

 

Table E6. Prosopagnosics’ and controls’ accuracy on upright trials for each expression in 

the basic expression labelling tasks, and t- and p-values from post hoc t-tests. 

Expression Controls 

M (SD) 

Prosopagnosics 

M (SD) 

 

t value 

 

p value 

 

Cohen’s d 

 
Angry 

 
51.12 (16.26) 

 
47.76 (18.17) 

 
1.40 

 
.163 

 
0.20 

Disgust 63.92 (15.10) 41.98 (20.83) 8.91 < .001 1.27 

Fear 42.36 (14.51) 37.45 (18.59) 2.15 .032 0.31 

Happy 93.18 (8.95) 90.06 (13.29) 2.06 .041 0.29 

Sad 63.07 (15.15) 64.96 (18.83) 0.81 .422 0.11 

Surprised 71.17 (14.78) 71.90 (16.65) 0.35 .740 0.05 
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Figure E6. Boxplots of prosopagnosics’ and controls’ accuracy for each facial expression in the basic 
expression labelling tasks for upright trials. Points represent individual data. Diamonds represent the mean score 
for each condition.  
 

 I also ran response times analyses to determine whether speed-accuracy trade-offs 

could account for the pattern of accuracy results. I calculated trimmed mean response times 

for each expression in the basic expression labelling tasks (see Table E7 for these values). I 

ran a 6 (facial expression: anger, disgust, fear, happy, sad, surprise) x 2 (group: 

prosopagnosic, control) mixed-design ANOVA on response times on upright trials, with 

facial expression as the within-subjects factor and group as the between-subjects factor. 

There were significant main effects of facial expression (F(3.34, 705.12) = 258.60, p < .001, 

 = .55) and group (F(1, 211) = 23.40, p < .001,  = .10), which were qualified by a 

significant interaction between facial expression and group, F(5, 1055) = 12.20, p < .001,  

= .05. To break down this interaction, I ran post hoc comparisons (t-, p-, and Cohen’s d 

values from these tests are presented in Table E7). Prosopagnosics were slower than controls 

for anger, disgust, and fear. In contrast, prosopagnosics’ and controls’ response times were 
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comparable for happy, sad, and surprise. Importantly, prosopagnosics were not faster than 

controls for disgust, fear, and happy, indicating that their deficits with disgust, fear, and 

happy expressions cannot be accounted for by response time differences. I ran the same 

analyses with median response times and found a similar pattern of results.  

 

Table E7. Prosopagnosics’ and controls’ trimmed mean response times on upright trials for 

each expression in the basic expression labelling tasks, and t-, p-, and Cohen’s d values from 

post hoc t-tests. 

Expression Controls 

M (SD) 

Prosopagnosics 

M (SD) 

 

t value 

 

p value 

 

Cohen’s d 

 
Angry 

 
2540 (455) 

 
2778 (416) 

 
3.81 

 
<.001 

 
0.54 

Disgust 2317 (375) 2643 (497) 5.43 <.001 0.77 

Fear 2762 (576) 3230 (574) 5.75 <.001 0.82 

Happy 2006 (359) 2144 (28) 2.93 .004 0.42 

Sad 2350 (411) 2477 (335) 2.32 .021 0.33 

Surprised 2295 (367) 2424 (335) 2.56 .011 0.36 

 

 I also wanted to assess whether prospagnosics recognise particular expressions 

similarly to controls. Such an analysis is particularly interesting considering prosopagnosics 

showed a selective deficit for disgust, fear, and happy. It is possible that prosopagnosics 

engage alternative mechanisms for disgust, fear, and happy, but use typical mechanisms for 

sad, surprise, and angry. I calculated inversion effects for each facial expression (see Table 

E8 for these values). I ran a 6 (facial expression: angry, disgust, fear, happy, sad, surprise) x 2 

(group: prosopagnosic, control) mixed-design ANOVA on inversion effects, with facial 

expression as the within-subjects factor and group as the between-subjects factor. There was 

a significant main effect of facial expression, indicating that the size of the inversion effects 

differed across expressions (F(4.43, 948.72) = 51.46, p < .001,  = .19). This finding is not 

particularly important because the task was not designed to produce similar-sized inversion 

effects for the six expressions. The main effect of group was not significant, F(1, 214) = 0.61, 

p = .437,  < .01. There was a significant interaction between facial expression and group, 
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F(5, 1070) = 2.54, p = .027,  = .01.  I conducted post hoc t-tests to break down this 

interaction (Table E8 shows and t-, p-, and Cohen’s d values from these tests). Interestingly, 

prosopagnosics’ showed reduced inversion effect for angry, suggesting the use of atypical  

mechanisms to recognise it. Prosopagnosics’ and controls’ inversion effects for disgust, fear, 

and happy were of comparable size, suggesting that they use similar mechanisms to process 

them as controls. Prosopagnosics’ and controls’ inversion effects were also of comparable 

size for sad and surprise. 

 

Table E8. Prosopagnosics’ and controls’ inversion effects in accuracy for each expression in 

the basic expression labelling tasks, and t-, p-, and Cohen’s d values from post hoc t-tests. 

Expression Controls 

M (SD) 

Prospagnosics 

M (SD) 

 

t value 

 

p value 

 

Cohen’s d 

 
Angry 

 
23.64 (14.64) 

 
16.99 (13.76) 

 
3.27 

 
.001 

 
0.47 

Disgust 22.34 (14.67) 21.63 (17.29) 0.32 .749 0.05 

Fear 6.94 (13.30) 8.23 (13.14) 0.65 .492 0.10 

Happy 7.64 (8.77) 7.96 (11.88) 0.23 .822 0.03 

Sad 14.73 (17.08) 16.83 (18.15) 0.85 .397 0.12 

Surprised 6.23 (12.10) 5.98 (10.50) 0.15 .878 0.02 

 

Overall, the results from the individual expression analyses indicate that 

prosopagnosics’ small deficits for basic expression recognition may be driven by problems 

with disgust, fear, and happy. Relative to controls, however, prosopagnosics showed 

comparable inversion effects for disgust, fear, and happy, suggesting that despite their poorer 

ability to recognise these expressions, they may use similar mechanisms as controls to 

process them. The deficit with fear recognition in prosopagnosics is in line with Biotti and 

Cook’s (2016) finding. Unlike Biotti and Cook, however, I did not observe a deficit with 

surprise. The deficit with happy recognition is consistent with Burns and colleagues (2017) 

finding that prosopagnosics adapt to (and thus presumably process) happy expressions 

abnormally. 
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Appendix F 

Development of the complex expression tasks 

 

Pilot studies to select stimuli and trials. Stimuli consisted of 1000 ms screen 

recordings (using QuickTime media player v10.6.3 and iMovie v10.1.6) and screen shots of 

facial expressions captured from 33 films. All films were from non-English speaking 

countries to decrease the likelihood that participants would be familiar with the actors. I ran 

four pilot studies to select targets, distractors and emotional adjectives for each trial.  

First pilot study. Three researchers independently assigned emotional adjectives to 

describe 619 potential target and/or distractor stimuli. Researchers viewed the static image 

and dynamic video clip versions of each stimulus. I assigned adjectives to stimuli if at least 

two of three researchers put forward identical or synonymous (e.g., worried and anxious) 

adjectives. For each stimulus either one or two potential adjectives were assigned.  

Second pilot study. One-hundred-and-eighteen mTurk participants each rated a 

random subset of 73–74 facial expressions on how well they matched their assigned 

adjectives. They used a Likert scale ranging from 1 to 6 (1 = entirely disagree to 6 = entirely 

agree) to perform these ratings. For stimuli that had two possible adjectives, I selected the 

adjective with the highest mean rating above four as the most appropriate adjective for a 

given stimulus. If no adjectives reached this criterion for a given stimulus, the stimulus was 

eliminated as a potential target or distractor. For each set of stimuli for a given actor (ranging 

between 3-15 stimuli), the stimuli with the highest agreement ratings were selected as targets.  

Third pilot study. Ninety-eight mTurk participants each rated a random subset of 

73–74 stimuli (composed of the targets and their potential distractors) on intensity (i.e., how 

strongly they portray the expression suggested by the adjective). They made these ratings on 

a Likert scale ranging from 1 to 5 (1 = not at all intense to 5 = very intense). Only distractors 

with similar mean intensity ratings to the target were selected (i.e., within +/- 1.75 of the 

targets mean intensity). Targets were eliminated if there were not two or more potential 

distractors that matched this criterion.  

Fourth pilot study. One-hundred-and-four mTurk participants judged which of two 

sequentially presented stimuli (the target and a distractor stimulus) best matched the target’s 

adjective. Participants did this with a random subset of 96–98 stimulus pairs, roughly half of 

which were presented in upright and inverted orientation. Targets were eliminated if they 

were judged more accurately in the inverted orientation compared to the upright orientation. 
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Distractor stimuli were selected only if they were chosen less than 30% of the time compared 

to the target. This resulted in 51 targets from 26 films. 

 

Glossary of emotional adjectives10  

Amused: finding something funny� 

Example: I was amused by a funny joke someone told me.  

Confused: puzzled, perplexed� 

Example: Lizzie was so confused by the directions given to her, she got lost.  

Depressed: miserable� 

Example: George was depressed when he didn’t receive any birthday cards.  

Disappointed: displeased, disgruntled� 

Example: Manchester United fans were disappointed not to win the Championship.  

Distrustful: suspicious, doubtful, wary� 

Example: The old woman was distrustful of the stranger at her door.  

Dubious: doubtful, suspicious� 

Example: Peter was dubious when offered a surprisingly cheap television in a pub.  

Excited: delighted, eager, enthusiastic� 

Example: Lucy was excited to meet her new pet puppy.  

Hateful: showing intense dislike  

Example: The two sisters were hateful to each other and always fighting.  

Intrigued: very curious, very interested  

Example: A mystery phone call intrigued Zoe.  

Joking: being funny, playful  

Example: Gary was always joking with his friends.  

Mocking: showing that you think somebody/something is ridiculous 

Example: Jen is always mocking Simons lack of awareness. 

Perplexed: bewildered, puzzled, confused  

Example: Frank was perplexed by the disappearance of his garden gnomes.  

Pleased: feeling happy about something 

                                                
10 Some of the adjectives were sourced from the Mind in the eyes test glossary (Baron-Cohen, Wheelwright, 
Hill, Raste, & Plumb, 2001). 



FACIAL EXPRESSION PROCESSING IN PROSOPAGNOSIA 
 

 129 
 

Example: Genie was pleased with the muffins she baked 

Preoccupied: absorbed, engrossed in one’s own thoughts� 

Example: Worrying about her mother’s illness made Debbie preoccupied at work. 

Regretful: sorry� 

Example: Lee was always regretful that he had never travelled when he was younger.  

Shocked: to feel surprised and upset. 

Example: Pablo was shocked to find out that Kenny and Blair were dating. 

Smug: pompous, egotistical, conceited  

Example: The lecturer had a smug look on his face when he failed the worst student in the 

class.  

Suspicious: disbelieving, suspecting, doubting� 

Example: After Sam had lost his wallet for the second time at work, he grew suspicious of 

one of his colleagues.� 

Uneasy: unsettled, apprehensive, troubled  

Example: Karen felt slightly uneasy about accepting a lift from the man she had only met that 

day.  

Unimpressed: unfeeling, uninterested  

Example: The man was unimpressed with his brother’s wedding speech.  

Upset: agitated, worried, uneasy  

Example: The man was very upset when his mother died.  

Worried: anxious, fretful, troubled� 

Example: When her cat went missing, the girl was very worried.  

 

Pilot studies to match static and dynamic tasks for difficulty and inversion effect 

size. The 51-trial version of the static and dynamic tasks were piloted to check that they were 

matched in difficulty and produced similar sized inversion effects. Ninety-nine mTurk 

participants completed the static version of the task either in upright (n = 54) or inverted (n = 

45) orientation. The mean score was 79.56% (SD = 10.41%) in the upright condition and 

63.70% (SD = 11.09%) in the inverted condition. Better performance in the upright condition 

compared to the inverted condition indicates that the static task is tapping face specific 

processing.  
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One-hundred-and-two participants completed the dynamic task. Data was excluded from four 

individuals because of stimuli loading errors and from six individuals whose fast response 

times (medians less than 4000 ms, as it takes 4000 ms for all three stimuli in the sequence to 

be shown) indicated that they were not engaging with the task. Of the remaining 92 

participants, 53 had completed the task in the inverted condition and 39 completed it in the 

upright condition. The mean score was 73.21% (SD = 10.71%) in the upright condition and 

67.50% (SD = 9.39%) in the inverted condition.  

Based on the above results, I removed a selection of trials to make the static and 

dynamic tasks’ difficulty and inversion effect sizes more comparable. Specifically, I removed 

given trials from the static and dynamic tasks if participants performed at 10% or greater 

accuracy on the inverted condition relative to the upright condition on the dynamic task. The 

final version of the complex expression labelling tasks had 44 targets from 26 films. 

It should be noted that the majority of past studies (except one; Duchaine et al., 2009) 

that measured complex expression labelling used the Reading the Mind in the Eyes test 

(Baron-Cohen et al., 2001). The stimuli used in the Reading the Mind in the Eyes test only 

show the eye region of faces. In contrast, the complex expression labelling tasks that I 

developed uses whole-face stimuli. In everyday life when we interact with people we can 

typically see their whole face, rather than just individual facial features (e.g., their eyes). 

Therefore, by using whole-face stimuli, rather than eye-region stimuli, Study 2 should 

provide a more ecologically valid assessment of complex expression labelling in 

prosopagnosia than past studies that used the Reading the Mind in the Eyes test.  

 

 

 


