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INVERSION REDUCES SENSITIVITY TO COMPLEX 
EMOTIONS IN EYE REGIONS
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Inferring humans’ complex emotions is challenging but can be done with 
surprisingly limited emotion signals, including merely the eyes alone. 
Here, we test for a role of lower-level perceptual processes involved in 
such sensitivity using the well-validated Reading the Mind in the Eyes 
task. Over three experiments, we manipulated configural processing to 
show that it contributes to sensitivity to complex emotion from human eye 
regions. Specifically, inversion, a well-established manipulation affecting 
configural processing, undermined sensitivity to complex emotions in eye 
regions (Experiments 1–3). Inversion extended to undermine sensitivity 
to nonmentalistic information from human eye regions (gender; Experi-
ment 2) but did not extend to affect sensitivity to attributes of nonhuman 
animals (Experiment 3). Taken together, the current findings provide evi-
dence for the novel hypothesis that configural processing facilitates sensi-
tivity to complex emotions conveyed by the eyes via the broader extraction 
of socially relevant information.

Keywords: face perception, eyes, complex emotions, sensitivity, config-
ural processing

Information from eye regions helps people understand others’ complex inner 
emotions (Baron-Cohen et  al., 1997). Compared to basic emotions (e.g., angry), 
complex emotions (e.g., suspicious) are theorized to be more internally caused 
(Demoulin et al., 2004) and uniquely human (Leyens et al., 2000). Because complex 
emotion sensitivity is critical to navigate social interactions (Kunstman & Maner, 
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2011) and because many people with social dysfunction show impaired sensitivity 
(e.g., Sato et al., 2017), much work has sought to identify mechanisms for decoding 
complex emotions from eye regions. However, most work focuses on top-down 
factors (Adams et al., 2009), with bottom-up visual differences mainly being exam-
ined between basic emotions (Smith et al., 2005). The perceptual operations affect-
ing complex emotion sensitivity are understudied. This gap in the literature is 
striking given work showing perceptual operations to affect core aspects of social 
perception (Fincher et al., 2017).

We combined these perspectives to examine whether configural processing—a 
perceptual process characteristic of face processing—affects sensitivity to com-
plex emotions from eye regions. Although implicated in basic emotion perception 
(Krumhuber et  al., 2019), the contributions of configural processing to complex 
emotion decoding are understudied. We focus on eye regions for three reasons. 
First, eyes are central to making sociocognitive inferences (Looser & Wheatley, 
2010). Second, common measures of complex emotion decoding focus on eye 
regions (Baron-Cohen, 1994). Third, eye region configuration enables sensitivity to 
nonverbal displays (Jenkins & Langton, 2003).

People’s ease in differentiating between upright faces is theorized to derive from 
configural processing. The mechanism by which configural processing arises is 
debated. Some argue that it is a product of perceptual training with faces (e.g., 
Curby & Gauthier, 2010), whereas others argue that it is a product of biological 
preparation for face-specific stimuli (e.g., Riddoch et al., 2008). What is clear, how-
ever, is that faces are processed in a different way from most other stimuli (see 
Piepers & Robbins, 2012). Configural processing (see Maurer et al., 2002) is often 
described as integrating cues into a perceptual gestalt (Young et al., 2013). Here, 
we used inversion (Yin, 1969) to test if configural processing affects complex emo-
tion decoding from eye regions. Inversion is the “gold standard” manipulation of 
configural processing (e.g., Young et al., 2013), maintaining features but disrupting 
their typical configuration. Notably, inversion even elicits inefficient processing 
of partial faces. Inverting eye regions, for example, undermines perceiving and 
remembering them (Civile et al., 2014; Rakover & Teucher, 1997) and impairs gaze 
sensitivity (Jenkins & Langton, 2003; Senju & Hasegawa, 2006; Vecera & Johnson, 
1995). Configural cues within eye regions (e.g., the iris position in relation to the 
eye corner) may thus convey social meaning.

Perceptual processes may indeed affect complex emotion decoding from the 
eyes. Seeing eyes enables emotion decoding (Ganel et al., 2005) and thinking about 
complex emotions (Calder et al., 2002). It also facilitates mind ascription (Khalid 
et al., 2016; Schein & Gray, 2015). Decoding complex emotions from eyes also elic-
its brain activation reflecting face processing (Adams et al., 2009). Extending this 
work by examining a specific process, we hypothesized that configural processing 
contributes to this sensitivity. Indeed, extracting social cues from faces is theorized 
to rely, in part, on configural processing (Wilson et al., 2018). 

People better identify basic emotions on upright versus inverted faces (e.g., Bom-
bari et al., 2013; Calder et al., 2000; McKelvie, 1995; White, 1999; Young & Hugen-
berg, 2010). We reasoned that configural contributions to basic emotion perception 
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would extend to complex emotion decoding because perceptual operations may 
be especially important to distinguishing among fine face details differentiating 
complex emotions. Indeed, complex (versus basic) emotions are often less visible 
or intense displays (Shaver et al., 1992). Further, ingroup identification advantages 
for basic emotions emerge in part because these faces more likely receive config-
ural processing (Young & Hugenberg, 2010). Because ingroup advantages emerge 
for complex emotion sensitivity (Adams et al., 2009), configural processing may 
affect decoding them, too. Finally, configural processing seems important to infer 
humanlike attributes (Cassidy et al., 2017; Wilson et al., 2018). Specifically, inver-
sion undermines expressive faces from appearing mentally sophisticated (Krum-
huber et  al., 2019). Disrupting configural processing may reduce sensitivity to 
complex emotions because they are seen as uniquely human (Leyens et al., 2000).

We tested whether configural processing affects decoding complex emotions 
from eyes using the Reading the Mind in the Eyes task (RME; Baron-Cohen et al., 
2001). Each trial featured an eye region displaying a complex emotion and four 
attributes. People selected the attribute reflecting what each person is feeling. 
Although several cognitive contributions to sensitivity in the RME have been iden-
tified (e.g., Stevenson et al., 2012), the current work is among the first to manipu-
late perceptual processes to identify contributions. We had two goals. The first was 
to test whether manipulating configural processing (via inversion) affects complex 
emotion decoding from eyes (Experiments 1–3). The second was to test whether 
this effect was emotion-specific or if inversion broadly undermined sensitivity. In 
Experiment 2, we examined inversion effects on complex emotion and gender sen-
sitivity in the same eye regions. Because configural processing is largely specific 
to human-relevant stimuli (Maurer et al., 2002) and traits (Wilson et al., 2018), we 
tested if inversion undermined sensitivity to inferences about human eye regions, 
but not nonhuman animals, in Experiment 3. 

EXPERIMENT 1

Experiment 1 tested whether inversion reduces complex emotion decoding from 
eye regions. Participants completed an RME (Baron-Cohen et al., 2001) task includ-
ing upright and inverted eye regions within-participants. We hypothesized better 
decoding from upright versus inverted eye regions. 

METHOD

Participants. We recruited 40 MTurk participants (Mage = 37.85 years, SD = 10.80; 
19 female), which provided 91.1% power to detect an effect size of d = 0.65 for 
an inversion effect when specifying a crossed design and setting participants and 
items as random factors (www.jakewestfall.org/pangea). All experiments were 
approved by the Institutional Review Board at the University of North Carolina 
at Greensboro. Notably, concerns about online samples can be mitigated by data 
screening (Chimielewski & Kucker, 2020) to ensure comparable data quality (Wal-
ter et al., 2019). A sensitivity analysis for the inversion effect indicated a minimum 
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detectable effect of log-odds ratio = −0.22 with power = 0.80 and alpha = 0.05. This 
effect translates to an odds-ratio of 1.55 (a canonically small effect; Chen et  al., 
2010) indicating accurate decoding 1.55 times more likely for upright than inverted 
eye regions.

Materials and Procedure. Participants completed an RME (Baron-Cohen et al., 2001) 
task consisting of 36 self-paced and randomly presented grayscale images of eye 
regions. On each trial (Figure 1a), participants viewed an eye region and four attri-
butes (one target and three foils labeled 1 through 4) with comparable emotional 
qualities (for details, see Baron-Cohen et  al., 2001; stimuli available at https://
www.autismresearchcentre.com/tests/eyes-test-adult/). Participants selected the 
attribute best describing the depicted emotion by pressing the associated number 
on their keyboard. Key presses advanced trials. Orientation was counterbalanced 
such that eye regions were equally likely seen upright or inverted. Breaks were 
not offered given the short study duration (under 10 minutes). Participants were 
instructed to read all words and to respond as quickly as possible. There were no 
display requirements. Treating participants as a random effect accounts for poten-
tial display effects on decoding.

Although most RME work examines decoding across items, some work acknowl-
edges emotion valence can affect performance (e.g., Franklin & Zebrowitz, 2016). 
We had no a priori hypotheses regarding valence because inversion affects sen-
sitivity to several basic emotions (Bombari et  al., 2013). However, we counter-
balanced valence across orientation using norms categorizing items as positive, 
neutral, or negative (Harkness et al., 2005). There were four positive, eight neutral, 
and six negative items in each orientation. Participants also indicated instruction 
adherence (“Did you follow the instructions to the best of your ability?” rated 
from 1 [not at all] to 7 [completely]; M = 6.90, SD = 0.30).

RESULTS

We examined mixed-effects models logistically regressing Decoding (decoded = 1, 
not decoded = 0) on Inversion (upright = −1, inverted = 1). The random-effects 
structure specified intercepts varying by participant and item and inversion effects 
varying by participant and item. This structure ruled against specific participants 
or items driving results. An exploratory model reported in the Supplemental Mate-
rials also specified Valence effects (negative, neutral, and positive) and the interac-
tions with Valence. Models were built using the lme4 package (Bates et al., 2015) 
in R. CIs of 95% referring to effect size were estimated using the confint function. 
P-values were calculated using the lmerTest package (Kuznetsova et  al., 2017). 
Estimated marginal means were obtained using the emmeans package (Lenth, 
2018). Sensitivity analyses (simr package; Green & MacLeod, 2016) determined 
the minimum effect size for the focal effect in each experiment maintaining power 
at 0.80 as assessed by a simulation with 1,000 iterations per model (all data and 
code available at: https://osf.io/xmz2j/).
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The random-effects structure showed variability across participants (SD = 0.85, 
95% CI [0.59, 1.08]) and items (SD = 0.55, 95% CI [0.31, 0.71]). Inversion effects var-
ied across participants (SD = 0.28, 95% CI [0.06, 0.43]) and items (SD = 0.15, 95% CI 
[0.01, 0.29]). An Inversion effect (Figure 2a) showed better decoding from upright 
(Estimate = 0.70, 95% CI [0.60, 0.78]) versus inverted (Estimate = 0.57, 95% CI [0.49, 
0.64]) eye regions, b = −0.29, SE = 0.08, z = 3.61, p =  .003, 95% CI [−0.46, −0.15], 
corresponding to OR = 1.79. See Supplemental Material for response frequencies 
per item for each experiment. The exploratory model did not improve model fit, 
χ2 (4) = 3.47, p = .48 (see the Supplemental Material). 

DISCUSSION

Decoding was better from upright versus inverted eye regions. This finding par-
allels work showing that configurally processing eye regions elicits better gaze 
sensitivity (Jenkins & Langton, 2003; Senju & Hasegawa, 2006). It also forges a 
link between work showing the role of configural processing in humanization 
(Hugenberg et al., 2016) and between humanization and complex emotions (Ley-
ens et al., 2000). Configural processing seems involved in sensitivity to complex 
emotions. The lower bounds of confidence intervals for decoding complex emo-
tions were above chance (upright: 0.60; inverted: 0.49; chance: 0.25). Undermin-
ing configural processing thus does not sever sensitivity. Rather, it is more likely 

FIGURE 1.  Examples of upright and inverted eyes trials in Experiments 1–3 (a) and animal 
trials in Experiment 3 (b). Two attributes [gender categories] were seen below each eye region 
in Experiment 2.
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FIGURE 2.  An inversion effect emerged when decoding complex emotions from human eye 
regions in Experiment 1 (a). This effect extended to decoding gender from human eye regions 
in Experiment 2 (b). Inversion effects emerged when decoding complex emotions of human 
eyes, but not when decoding attributes of animals, in Experiment 3 (b). Dashed lines reflect 
chance-level performance.
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among multiple contributors to decoding complex emotions (e.g., identity; Ste-
venson et al., 2012).

EXPERIMENT 2

We next examined if an inversion effect was emotion-specific or if it reflected 
broader sensitivity to cues from eye regions. We modified Experiment 1 so people 
decoded gender and complex emotions from upright and inverted eye regions. All 
variables were manipulated within-participants. Gender trials are often used as 
RME control trials (e.g., Adams et al., 2009). Albeit matched in visual input, gender 
judgments require nonmentalistic engagement with stimuli. 

One possibility was that inversion undermines sensitivity to complex emotions, 
but not gender, in eye regions. This pattern would reflect a specific effect undermin-
ing mentalistic cue sensitivity. Supporting this possibility, inversion often impairs 
extracting identity, but not gender, from faces (Cloutier et al., 2005). Alternatively, 
inversion may broadly undermine sensitivity because it undermines categorizing 
people (Hugenberg et al., 2016). Inversion also impairs extracting gender from faces 
lacking highly diagnostic gender cues (e.g., hairstyle; Cloutier & Macrae, 2007). 
Although eye regions convey gender cues, they lack hairstyle features diagnostic 
of gender even when faces are not present (Macrae & Martin, 2007). Without such 
features, inversion may broadly undermine sensitivity. Experiment 2 allowed us to 
understand whether inversion effects from Experiment 1 reflect emotion-specific 
disruptions or general deficits emergent when disrupting configural processing.

METHOD

Participants. We targeted 60 participants, providing 81.5% power to detect an 
effect size of d = 0.50 for an Inversion × Judgment interaction using a crossed design 
and setting participants and items as random factors. Because preliminary analy-
ses suggested this sample was potentially underpowered to detect an interaction, 
we recruited 30 more participants. Accounting for this addition, we set a more 
conservative alpha (.01). One participant was excluded for entering an incorrect 
survey code. The analyzed sample included 89 MTurk participants (Mage = 35.90 
years, SD = 13.99; 36 female). Participants adhered to task instructions (M = 6.85, 
SD = 0.39). The minimum detectable Inversion effect was log odds-ratio = −0.23 
with power = 0.80 and alpha = .01, corresponding to OR = 1.58.

Modified RME. The RME comprises 18 male and 18 female eye regions. We modi-
fied it to comprise 18 emotion and 18 gender trials. Each trial comprised an eye 
region and two attributes. On emotion trials, participants selected which of two 
attributes best reflected the depicted emotion. One was the target from Experi-
ment 1. The other was the most selected foil in Experiment 1. On average, 19.44% 
(SD = 7.25%) of Experiment 1 participants chose the foil used in Experiment 2. In 
gender trials, the words were “male” and “female.” 
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Four versions counterbalanced eye regions across judgment (emotion and gen-
der) and orientation (upright and inverted). Within the 18 trials of each judgment, 
nine eye regions were upright and nine inverted. In each version, participants 
made nine emotion judgments about female faces, nine emotion judgments about 
male faces, nine gender judgments about female faces, and nine gender judgments 
about male faces. Because there were nine trials in each of the four conditions 
counterbalancing judgment and orientation, eye region gender could not be evenly 
split within orientation. Eye region gender was counterbalanced across versions 
(e.g., whereas some participants would see more upright male eye regions in the 
emotion condition, others would see more upright female eye regions in the emo-
tion condition). 

RESULTS

We examined a mixed-effects model logistically regressing Decoding (not 
decoded = 0, decoded = 1) on Inversion (upright = −1, inverted = 1), Judgment 
(gender  =  −1, emotion  =  1), and their interaction. Extending Experiment 1, we 
specified random slopes of Judgment by participant and item. There was vari-
ability across participants (SD = 0.56, 95% CI [0.37, 0.76]) and items (SD = 0.91, 
95% CI [0.60, 1.23]). Inversion effects varied across participants (SD = 0.09, 95% 
CI [0.01, 0.30]) and items (SD = 0.19, 95% CI [0.07, 0.34]). Judgment effects varied 
across participants (SD = 0.15, 95% CI [0.01, 0.43]) and items (SD = 0.66, 95% CI 
[0.39, 0.92]). 

An Inversion effect showed better decoding from upright (Estimate = 0.94, 95% 
CI [0.90, 0.96]) versus inverted (Estimate = 0.89, 95% CI [0.85, 0.93]) eye regions, 
b = −.27, SE = 0.09, z = 3.05, p =  .002, 95% CI [−0.48, −0.10]. A Judgment effect 
showed better gender (Estimate = 0.98, 95% CI [0.96, 0.99]) versus complex emotion 
(Estimate = 0.75, 95% CI [0.69, 0.80]) decoding, b = −1.32, SE = 0.16, z = 8.18, p < .001, 
95% CI [−1.72, −1.04]. No interaction emerged, b = −0.02, SE = 0.08, z = 0.30, p = .77, 
95% CI [−0.15, 0.15] (Figure 2b). Instead, the inversion effect emerged significantly 
for complex emotion decoding, OR = 1.80, SE = 0.27, z = 3.98, p < .001, 95% CI 
[1.35, 2.40], and marginally for gender decoding, OR = 1.64, SE = 0.49, z = 1.68, 
p = .09, 95% CI [0.92, 2.93]. Although the inversion effect for gender decoding only 
approached significance whereas the inversion effect for complex emotion decod-
ing was significant, these effects should be considered equivalent. Indeed, comple-
menting numerically very similar Inversion effects across judgments (OR = 1.80 
vs. 1.64), Bayesian information criterion (BIC) measures indicated “strong” evi-
dence (Kass & Raftery, 1995) that a model without the interaction term is 54 times 
more probable than a model with it (BIC = 2,540 versus 2,548). 

DISCUSSION

Judgment did not qualify the inversion effect. Indeed, inversion reduced the 
accuracy of both complex emotion and gender decoding by a similar magnitude 
(OR  =  1.80 and 1.64, respectively), with no evidence in favor of an interaction. 
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An overall inversion effect reflects work showing inversion to undermine gender 
sensitivity when hairstyle features highly diagnostic of gender are absent (Macrae 
& Martin, 2007). Indeed, brain activation reflecting face and configural processing 
emerges when extracting gender from faces (Cloutier et al., 2008) and when con-
sidering emotions (Kesler et al., 2001). Disrupting configural processing may thus 
undermine complex emotion perception from eye regions via a general perceptual 
disruption, rather than an emotion-specific effect. 

Because judgment did not qualify the inversion effect, an open question was 
whether inversion undermines sensitivity overall or if it especially undermines 
judgments from human faces. To this end, we next examined inversion effects 
using different control trials.

EXPERIMENT 3

Next, we included “animal attribute” trials previously used as controls in the RME 
(e.g., Harkness et al., 2012; Harkness et al., 2005) that comprise an animal image 
and four attributes. People select the attribute best describing the animal image, 
mirroring RME trials but using nonhuman stimuli. These trials are conceptually 
closer to complex emotion decoding than gender decoding because both involve 
emotional inferences while mirroring surface characteristics. 

Animal trials are a valuable control because, for most people, inversion has little 
effect on perceiving animals (e.g., Dahl et al., 2014; Hugenberg et al., 2016; but see 
Young, Goldberg, et al., 2019). Further, people appear to engage in configural pro-
cessing more when evaluations are human-relevant (Wilson et al., 2018). Because 
matching nonhuman animals to attributes is not human-relevant, an upright con-
figuration should not facilitate performance. We hypothesized a stronger inver-
sion effect for complex emotion than animal attribute decoding.

METHOD

Participants. We again recruited 90 participants. Excluding one participant for 
entering an incorrect survey code, the analyzed sample comprised 89 MTurk par-
ticipants (Mage = 35.37 years, SD = 10.94; 36 female). Participants adhered to instruc-
tions (M = 6.70, SD = 0.70). A sensitivity analysis for the interaction indicated that 
a minimum detectable effect size of log-odds ratio = −0.11 with power = 0.80 and 
alpha = 0.05.

Modified RME. We modified the RME to include 36 animal trials. On ani-
mal trials, participants saw a black-and-white animal image and four attributes 
beneath it (e.g., Figure 1b). Participants selected the attribute best describing the 
animal image. Four versions counterbalanced eye region and animal orientation 
within-participants. 

Twelve animal trials were from past work (Harkness et  al., 2005). Twenty-four 
were created to match the number of eyes trials. For each new trial, experiment-
ers selected an animal image, a target attribute reflecting the image, and three foils 
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not reflecting the image. Stimuli were validated by 21 undergraduates (Mage = 19.81 
years, SD = 3.23) who selected the attribute best describing each image (see Supple-
mental Material; images available upon request). However, 73.15% (SD = 12.32%) 
of participants selected the target, suggesting performance was not at ceiling. There 
was no difference in the percentage of participants selecting the target in previously 
published (M = 0.78, SD = 0.12) and newly created stimuli (M = 0.71, SD = 0.12) tri-
als, t(34) = 1.63, p = .11. Previously published and newly created trials were evenly 
distributed among upright and inverted animal trials. There was no difference in 
the percentage of participants selecting the target on trials designated as upright 
(M = 0.71, SD = 0.11) versus inverted (M = 0.75, SD = 0.13), t(34) = 0.37, p = .41.

RESULTS

We examined a mixed-effects model logistically regressing Decoding (not 
decoded = 0, decoded = 1) on Inversion (upright = −1, inverted = 1), Stimulus (ani-
mal = −1, human eyes = 1), and their interaction. We modified the random effects 
from Experiment 1 to specify a random slope of Stimulus by participant. There was 
variability across participants (SD = 1.03, 95% CI [0.84, 1.20]) and items (SD = 0.62, 
95% CI [0.48, 0.72]). Inversion effects varied across participants (SD = 0.18, 95% 
CI [0.06, 0.26]) and items (SD = 0.21, 95% CI [0.06, 0.27]). A Stimulus effect varied 
across participants (SD = 0.39, 95% CI [0.27, 0.47]).

Inversion, b = −0.14, SE = 0.04, z = 3.19, p = 0.001, 95% CI [−0.24, −0.06], and 
Stimulus, b  =  −0.44, SE  =  0.04, z  =  4.89, p < .001, 95% CI [−0.61, −0.26], effects 
emerged. The interaction emerged (Figure 2c), b = −0.15, SE = 0.04, z = 3.82, p < 
.001, 95% CI [−0.23, −0.08]. Simple effects showed better decoding from upright 
(Estimate = 0.69, 95% CI [0.61, 0.75]) versus inverted (Estimate = 0.55, 95% CI [0.48, 
0.62]) human eyes, OR = 1.80, SE = 0.20, z = 5.28, p < .001, 95% CI [1.45, 2.24]. Attri-
butes were similarly decoded from upright (Estimate = 0.80, 95% CI [0.72, 0.85]) 
and inverted (Estimate = 0.80, 95% CI [0.73, 0.85]) animals, OR = 0.98, SE = 0.13, 
z = 0.17, p = .87, 95% CI [0.76, 1.26].

DISCUSSION

Inversion affected inferences from human eyes. Animal attribute decoding was 
better than complex emotion decoding (but not at ceiling), yet unaffected by inver-
sion. Thus, although inversion affected distinct inferences from humans (Experi-
ment 2), it did not affect inferences from nonhumans. This pattern parallels work 
showing that configural processing is more common to perceiving humans than 
animals (Dahl et al., 2014). 

One possibility is that animal trials reflected semantic retrieval unaffected by 
configural processing. However, animal attributes were selected based on images. 
Further, although animals have stereotypic attributes, visual cues enable sensitiv-
ity to displayed attributes (e.g., a cat can appear playful or threatened). Because 
people belong to groups with stereotypic attributes (Cassidy et al., 2017), future 
work may examine the interplay between semantic retrieval and attribute decoding 
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on understanding people. Critically, the emergent pattern parallels work showing 
inversion to affect making inferences about human-relevant, but not animal-rele-
vant, traits (Wilson et al., 2018) and about human, but not animal, faces (Hugen-
berg et al., 2016). Although we cannot deny contributions of semantic knowledge 
to attribute selection, this pattern nevertheless suggests a boundary for configural 
contributions to decoding. Inversion may undermine sensitivity to human-specific 
cues versus any inference.

GENERAL DISCUSSION

This work identified perceptual contributions to complex emotion decoding 
from eye regions. Using inversion to manipulate configural processing (Yin, 
1969), better complex emotion decoding emerged from upright versus inverted 
eye regions (Experiments 1–3). This pattern extended to other inferences about 
human eye regions (Experiment 2) but not nonhuman animals (Experiment 3). 
Thus, this pattern likely reflects perceptual operations affecting inferences about 
human faces. 

This work reflects several theoretical advances. Paralleling basic emotion 
research (e.g., Bombari et al., 2013), inversion reduced complex emotion sensitivity. 
Although basic and complex emotions differ in what they convey (Demoulin et al., 
2004) and their appearance (Shaver et al., 1992), this work suggests a shared per-
ceptual foundation in how they are “read.” This work also complements research 
showing configural information within eye regions as essential to social commu-
nication (Vecera & Johnson, 1995). Just as it enables gaze sensitivity (Jenkins & 
Langton, 2003), critical to navigating social interactions (Adams & Kleck, 2003), 
configural information also appears essential to discriminate between subtle dif-
ferences among complex emotions also guiding interactions (Baron-Cohen et al., 
1997). This latter point may be important for future work by reflecting a need to 
examine mechanisms for how eye regions specifically affect social perception and 
its consequences when compared to full faces (Looser & Wheatley, 2010).

These findings also have implications spanning domains. For example, they 
have implications for interpersonal sensitivity, a domain where research on bot-
tom-up contributions to emotion perception often focuses on affective displays 
themselves (e.g., Smith et  al., 2005). These findings also link to work showing 
inversion effects on evaluations characteristic of humanization (Hugenberg et al., 
2016). To the extent that humanizing faces relies on upright configurations (Young, 
Tracy, et al., 2019), upright configurations may affect sensitivity to complex emo-
tions characteristic of humanness (Leyens et al., 2000). 

Future work would benefit from examining these effects from an intergroup 
lens. People show better complex emotion decoding for ingroup versus outgroup 
members (Adams et al., 2009). Ingroup versus outgroup faces are also more likely 
to receive face-typical processing (Hugenberg & Corneille, 2009), and ingroup 
faces elicit more attention to the eyes (Cassidy et al., 2019). Future work may test 
whether people are more sensitive to complex emotions from ingroup versus out-
group eyes because their eyes are more efficiently processed.
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Configural processing contributes to emotion perception (e.g., Young & Hugen-
berg, 2010). The current work shows that configural processing also contrib-
utes to decoding complex emotions in eye regions. This effect appears to occur 
because disrupting configural processing undermines extracting socially relevant 
information. 
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SUPPLEMENTAL MATERIAL 

Experiment 1: Exploratory Model Including Valence 

Decoding 

Fixed Effect Estimate SE z p 

(Intercept) 0.59 0.17 3.42 < .001 

Inversion –0.30 0.08 3.63 < .001

Valence [Positive] 0.53 0.29 1.85 .06 

Valence [Neutral] 0.21 0.24 0.87 .39 

Inversion * Valence [Positive] –0.14 0.18 0.74 .46 

Inversion * Valence [Neutral] –0.02 0.15 0.17 .87 

Note. Valence reference condition is Negative. 

In Experiment 1, an exploratory model including Valence effects did not improve model 

fit over the model described in the main text, χ2(4) = 3.47, p = .48. Further, even when 

examined, Valence did not qualify the Inversion effect. A marginal effect of positive (relative to 

negative) valence may parallel work showing that minds are better attributed to targets signaling 

social acceptance than social rejection (Powers et al., 2014), that happy faces receive a lower 

threshold for mind perception than less positively valenced faces (Bowling & Banissy, 2017; 

Krumhuber et al., 2019), and that RME performance sometimes varies by valence (e.g., Franklin 

Jr. & Zebrowitz, 2016; Harkness et al., 2005). Future work may consider valence treated 

continuously to further probe this trend.  
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Experiment 1: Frequencies for Each Response per Item (N = 40 participants) 

Item Word 1 Word 2 Word 3 Word 4 Correct 
Response 

Word 
1: n 

Word 
2: n 

Word 
3: n 

Word 
4: n 

playful playful comforting irritated bored 1 19 10 4 7 
upset terrified upset arrogant annoyed 2 5 23 6 6 
desire joking flustered desire convinced 2 2 8 28 2 
insisting joking insisting amused relaxed 2 4 25 6 5 
worried irritated sarcastic worried friendly 3 3 3 34 0 
fantasizing aghast fantasizing impatient alarmed 3 3 31 4 2 
uneasy apologetic friendly uneasy dispirited 3 3 5 25 7 
despondent despondent relieved shy excited 1 30 3 3 4 
preoccupied annoyed hostile horrified preoccupied 4 3 5 10 22 
cautious cautious insisting bored aghast 1 20 11 4 5 
regretful terrified amused regretful flirtatious 3 5 9 24 2 
skeptical indifferent embarrassed skeptical dispirited 3 5 1 28 6 
anticipating decisive anticipating threatening shy 4 4 22 4 10 
accusing irritated disappointed depressed accusing 4 8 8 5 19 
contemplative contemplative flustered encouraging amused 4 26 5 5 4 
thoughtful irritated thoughtful encouraging sympathetic 2 5 25 3 7 
doubtful doubtful affectionate playful aghast 1 17 10 8 5 
decisive decisive amused aghast bored 1 17 11 4 8 
tentative arrogant grateful sarcastic tentative 1 7 12 3 18 
friendly dominant friendly guilty horrified 2 4 27 6 3 
fantasizing embarrassed fantasizing confused panicked 2 1 35 3 1 
preoccupied preoccupied grateful insisting imploring 1 21 3 6 10 
defiant contented apologetic defiant curious 3 3 5 20 12 
pensive pensive irritated excited hostile 1 26 7 4 3 
interested panicked incredulous despondent interested 4 5 8 7 20 
hostile alarmed shy hostile anxious 3 9 4 18 9 
cautious joking cautious arrogant reassuring 3 3 29 5 3 
interested interested joking affectionate contented 1 22 3 14 1 
reflective impatient aghast irritated reflective 4 4 3 3 30 
flirtatious grateful flirtatious hostile disappointed 3 3 32 5 0 
confident ashamed confident joking dispirited 4 2 24 5 9 
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serious serious ashamed bewildered alarmed 1 27 2 6 5 
concerned embarrassed guilty fantasizing concerned 4 2 4 10 24 
distrustful aghast baffled distrustful terrified 4 5 7 26 2 
nervous puzzled nervous insisting contemplative 2 8 13 13 6 
suspicious ashamed nervous suspicious indecisive 3 3 4 28 5 
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Experiment 2: Frequencies for Each Response per Item (N = 89 participants) 

Item Word 1: 
Emotion 

Word 2: 
Emotion 

Word 1: N Word 2: N Gender Male: n Female: n 

playful playful comforting 31 17 female 29 12 
upset arrogant upset 11 37 male 34 7 
desire desire flustered 0 48 female 26 15 
insisting amused insisting 46 2 male 14 27 
worried worried irritated 48 0 male 32 9 
fantasizing impatient fantasizing 0 48 female 8 33 
uneasy uneasy dispirited 30 18 male 36 5 
despondent despondent excited 46 2 male 34 7 
preoccupied horrified preoccupied 9 39 female 1 40 
cautious cautious insisting 29 19 male 37 4 
regretful regretful amused 36 12 male 37 4 
skeptical skeptical dispirited 46 2 male 34 7 
anticipating shy anticipating 13 35 male 41 0 
accusing irritated accusing 47 1 male 11 30 
contemplative contemplative encouraging 0 48 female 28 13 
thoughtful sympathetic thoughtful 14 34 male 37 4 
doubtful doubtful affectionate 23 25 female 6 35 
decisive decisive amused 28 20 female 0 41 
tentative grateful tentative 1 47 female 22 19 
friendly guilty friendly 46 2 male 13 28 
fantasizing confused fantasizing 6 42 female 1 40 
preoccupied preoccupied imploring 0 48 female 17 24 
defiant defiant curious 31 17 male 37 4 
pensive pensive irritated 44 4 male 35 6 
interested incredulous interested 0 48 female 2 39 
hostile hostile anxious 48 0 male 31 10 
cautious arrogant cautious 12 36 female 1 40 
interested interested affectionate 32 16 female 1 40 
reflective impatient reflective 2 46 female 8 33 
flirtatious hostile flirtatious 4 44 female 0 41 
confident dispirited confident 1 47 female 3 38 
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serious serious bewildered 33 15 male 40 1 
concerned fantasizing concerned 39 9 male 20 21 
distrustful distrustful baffled 2 46 female 24 17 
nervous insisting nervous 14 34 female 3 38 
suspicious suspicious indecisive 43 5 male 41 0 

Cassidy et al. S5



Experiment 3: Frequencies for Each Response per Item (N = 89 participants) 

Item Word 1 Word 2 Word 3 Word 4 Correct 
Response 

Word 
1: n 

Word 
2: n 

Word 
3: n 

Word 
4: n 

playful playful comforting irritated bored 1 36 20 15 18 
upset terrified upset arrogant annoyed 2 19 42 9 19 
desire joking flustered desire convinced 2 6 14 63 6 
insisting joking insisting amused relaxed 2 1 61 12 15 
worried irritated sarcastic worried friendly 3 13 8 65 3 
fantasizing aghast fantasizing impatient alarmed 3 10 56 16 7 
uneasy apologetic friendly uneasy dispirited 3 4 15 62 8 
despondent despondent relieved shy excited 1 56 15 12 6 
preoccupied annoyed hostile horrified preoccupied 4 10 8 17 54 
cautious cautious insisting bored aghast 1 44 27 13 5 
regretful terrified amused regretful flirtatious 3 22 11 52 4 
skeptical indifferent embarrassed skeptical dispirited 3 11 13 58 7 
anticipating decisive anticipating threatening shy 4 12 45 14 18 
accusing irritated disappointed depressed accusing 4 11 16 9 53 
contemplative contemplative flustered encouraging amused 4 63 10 4 12 
thoughtful irritated thoughtful encouraging sympathetic 2 10 54 9 16 
doubtful doubtful affectionate playful aghast 1 40 22 15 12 
decisive decisive amused aghast bored 1 46 17 14 12 
tentative arrogant grateful sarcastic tentative 1 5 13 21 50 
friendly dominant friendly guilty horrified 2 17 46 22 4 
fantasizing embarrassed fantasizing confused panicked 2 9 69 7 4 
preoccupied preoccupied grateful insisting imploring 1 54 10 14 11 
defiant contented apologetic defiant curious 3 5 15 37 32 
pensive pensive irritated excited hostile 1 55 15 9 10 
interested panicked incredulous despondent interested 4 5 15 10 59 
hostile alarmed shy hostile anxious 3 13 10 52 14 
cautious joking cautious arrogant reassuring 3 2 62 19 6 
interested interested joking affectionate contented 1 52 7 19 11 
reflective impatient aghast irritated reflective 4 14 6 15 54 
flirtatious grateful flirtatious hostile disappointed 3 3 63 12 11 
confident ashamed confident joking dispirited 4 7 55 11 16 
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serious serious ashamed bewildered alarmed 1 47 10 19 13 
concerned embarrassed guilty fantasizing concerned 4 1 19 18 51 
distrustful aghast baffled distrustful terrified 4 9 15 57 8 
nervous puzzled nervous insisting contemplative 2 14 38 19 18 
suspicious ashamed nervous suspicious indecisive 3 4 5 70 10 
chimpanzee tame alert fierce playful 4 7 10 13 59 
tiger aloof ferocious timid obedient 2 7 71 5 6 
deer mischievous temperamental timid clever 3 9 11 61 8 
lion gentle friendly brave patient 3 3 6 73 7 
leopard quiet agile frail lethargic 2 3 73 8 5 
puppy friendly graceful strong savage 1 76 3 6 4 
cat barbaric clumsy brave independent 4 1 18 12 58 
racoon agile stubborn mischievous affectionate 3 4 10 68 7 
elephant ferocious lethargic courageous attentive 3 12 22 44 11 
owl alert lazy bold restless 1 59 11 16 3 
snake sly playful bashful cuddly 1 69 9 9 2 
dolphin cunning hostile sly graceful 4 10 8 9 62 
mouse quiet brave cuddly ferocious 1 64 3 17 5 
shark affectionate clumsy fierce tame 3 2 7 73 7 
sloth hasty lazy obedient antagonistic 2 5 72 10 2 
bear strong dependent friendly warm 1 63 8 12 6 
bat happy stubborn evil loving 3 11 14 58 6 
donkey graceful aloof agile stubborn 4 6 22 10 51 
fox cunning clumsy foolish repulsive 1 71 3 8 7 
koala lean patient cuddly mean 3 1 8 73 7 
pig fast graceful dirty cruel 3 1 4 81 3 
rabbit mean hyper tall cunning 2 4 67 4 14 
squirrel bold hyperactive sluggish malicious 2 10 66 7 6 
wolf solitary slothful villainous reckless 1 60 8 15 6 
eagle proud cowardly oblivious weak 1 75 7 6 1 
alligator wicked arrogant talkative weak 1 56 27 6 0 
turtle energetic delicate hostile slow 4 5 6 7 71 
seal melancholy cruel reserved playful 4 8 6 11 64 
otter arrogant clever rash strong 2 2 75 10 2 
hyena wild affectionate clumsy tender 1 73 5 9 2 
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cheetah obedient swift awkward foolish 2 4 79 3 3 
rat handsome sinister generous tough 2 9 59 4 17 
bull nice small slow strong 4 3 8 17 61 
weasel lazy patient sneaky sluggish 3 5 6 75 3 
ostrich alert temperamental beautiful nervous 1 25 45 9 10 
parrot agile talkative mischievous patient 2 2 57 27 3 
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