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Abstract

Although the same emotion can be related to different facial prototypes, little is known
about the impact of differences in these prototypes on emotion perception. The present
research aimed to investigate the impact of different facial prototypes on emotion percep-
tion, focusing specifically on anger and disgust. Four major prototypes of anger and six
major prototypes of disgust by Asian and White targets were generated by FaceGen and
MetaHuman programs. These prototypes were presented to participants from Canada and
China, who were asked to identify the corresponding emotions. The results revealed that
emotional signals conveyed by different facial prototypes were not uniform. While some
prototypes cued distinctive emotions, others cued mixed emotions. Moreover, the signal
value of specific prototypes varied across perceiver culture, with prototypes generally per-
ceived as more mixed in Chinese compared to Canadian participants. Notably, emotional
signals were also influenced by the facial generation software. Together these findings
highlight the importance of considering the impact of specific facial prototypes on emotion
perception, especially in cross-cultural contexts, and caution researchers to be mindful of
the facial generation software when examining potential variability in emotional decoding
associated with different facial prototypes.
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Introduction

What does an angry face look like? Is the mouth open or closed? Are the eyebrows fur-
rowed or arched? How about the eyes? Notably, as with other emotions, there are several
variants of prototypes related to anger. These variants consist of different combinations of
facial muscle movements. The Facial Action Coding System (FACS) developed by Ekman
and Friesen (1978) is the most commonly used approach for decomposing facial expres-
sions into action units (AUs: minimal units of discrete changes in facial expression that
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are due to the innervations of one or several muscles). Based on theoretical considerations
and systematic observation, Ekman et al. (2002) developed a list of combinations of AUs
that are associated with basic emotions (anger, disgust, fear, sadness, surprise, and happi-
ness), with each emotion having more than one facial prototype. For example, anger can
be expressed either by lowering eyebrows (AU4), widening eyes (AUS5), and pressing lips
(AU24) or by lowering eyebrows (AU4) and opening the mouth (AU25) and dropping the
jaw (AU26).

Surprisingly, researchers have devoted little attention to examining how these variations
in facial prototypes associated with one emotion impact emotion perception. As demands
for more rigorous control over stimuli to investigate fine-grained discriminations between
emotions increase (Gosselin & Kirouac, 1995; Pochedly et al., 2012; Widen et al., 2013),
understanding the role of variations in facial expressions is important. The primary goal
of the present research was to investigate the extent to which different facial prototypes
related to anger and disgust impact emotion perception. A further goal was to examine
whether the impact of these prototypes on emotion perception differ across East Asian and
Western cultures.

Facial Prototypes of Anger and Disgust

Anger and disgust are widely held to be distinct emotions, characterized by different pat-
terns of facial, vocal, and autonomic physiological components and appraisals (Ekman
& Cordaro, 2011). Yet these two emotions are conceptually related (Giner-Sorolla et al.,
2018) and both emotions are associated with appraisals of negative events caused by others
(Frijda et al, 1989; Scherer, 1988; Smith & Ellsworth, 1985). Moreover, the facial morpho-
logical features of these two emotions share a certain degree of similarity. For example,
some studies have shown that lowered eyebrows (AU4) and tightened eye lids (AU7) are
present in both anger and disgust expressions (Cordaro et al., 2018; Fang et al., 2022). Peo-
ple, therefore, often confuse facial expressions related to disgust with anger and vice versa
(Aviezer et al., 2008; Ekman & Friesen, 1976; Jack et al., 2009; Widen & Russell, 2008).

Because the confusion between anger and disgust is partially caused by overlapping
morphological features, different facial prototypes might be related to the ability to dis-
tinguish between these emotions. Specifically, when prototypes of anger and disgust share
more morphological features, people may be less able to distinguish between these emo-
tions. Alternatively, when prototypes share fewer overlapping features, people may be
better at decoding a specific emotion. Despite these potential differences in responses to
emotions depicted by different prototypes, few studies have investigated whether and how
different prototypes impact emotion identification.

Previous studies on judgements of standard facial expressions of disgust provide some
suggestive evidence that different prototypes may differ in their perceived meanings (Rozin
et al., 1994; Yoder et al., 2016). Although Ekman and Friesen (1978) specified that stand-
ard expressions of disgust must consist of at least one or both the AU9 (nose wrinkler)
and the AU10 (upper lip raiser), research has shown that disgust prototypes that consist
of the AU9 or AUI1O0 are associated with different disgust elicitors (Rozin et al., 1994).
Russell and colleagues (Pochedly et al, 2012; Widen & Russell, 2008; Widen et al., 2013;
Yoder et al., 2016) further suggest that standard facial expressions of anger and disgust
may convey a mixture of both. For example, in an experiment, Widen et al. (2004) asked
participants to indicate yes or no for the questions “Is this person angry/disgusted/happy?”
for standard expressions of anger, disgust, fear, and happiness proposed by Ekman et al.
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(2002). They found that many participants perceived both standard angry and disgusted
faces as angry and disgusted. Furthermore, when asked to select angry or disgusted targets,
participants included both standard angry and disgusted faces in both conditions. While
these findings suggest that some prototypes of anger and disgust may convey mixed emo-
tions instead of a singular emotion, researchers did not investigate which prototypes were
more likely to convey one emotion or a mixture of both emotions. In the present research,
we summarized major variants of facial prototypes of anger and disgust from previous
work, with the aim of investigating how each prototype of anger and disgust is perceived to
be predominantly angry, predominantly disgusted or a mix of both emotions.

Culture and Emotion Perception

A further goal was to examine whether these facial prototypes are decoded differently by
members of Eastern and Western cultures. While early cross-cultural studies on emotion
perception found evidence supporting the universality of facial expressions (Ekman &
Friesen, 1971; Ekman et al., 1969, 1987; Izard, 1971), more recent research suggests that
cultural differences in emotion recognition may exist. For example, East Asians compared
to Westerners may exhibit lower recognition accuracy for standard expressions of certain
negative emotions (Matsumoto & Ekman, 1989; Nelson & Russell, 2013; Russell, 1994;
Yik, 1999). The findings regarding these cross-cultural differences, however, have not been
consistently replicated (Ekman et al., 1987). For example, while Jack et al. (2009) found
that East Asians were worse than Western Europeans at recognizing expressions of dis-
gust and fear but not anger, Beaupré and Hess (2005) demonstrated that participants from
China compared to Canada were less accurate at recognizing expressions of sadness but
not anger, disgust, or fear.

Although these inconsistencies may be related to the particular emotions included in
the study (Nelson & Russell, 2013; Russell et al., 1994; Yik et al., 2013), the choice of
emotion alternatives (Russell et al., 1994; Widen et al., 2013) or language and translations
(Kollareth & Russell, 2017; Matsumoto & Hwang, 2017; Matsumoto et al., 2008; Yoder
et al., 2016), it is reasonable to speculate that the different results may also be related to
variations in facial prototypes. For example, it is possible that some prototypes related to
disgust are perceived similarly across cultures, while other disgust prototypes are perceived
differently across cultures. When different prototypes related to the same emotion are used
in different studies, cultural differences on emotion perception may also differ. It is there-
fore important to compare across cultures the signal value of different prototypes related to
the same emotion.

Recent research has also suggested that Easterners’ lower overall recognition accuracy
for negative facial expressions may be related to their tendency to perceive mixed emo-
tions in a facial expression (Fang et al., 2018, 2019). For example, when judging a face
with a standard disgusted expression, both East Asians and Westerners perceive disgust
as the predominant emotion. However, East Asians compared to Westerners also perceive
other non-intended emotions, such as anger and fear to a greater degree (Fang et al., 2018).
This greater inclination of East Asians to perceive mixed emotions may be associated with
their holistic cognitive style and dialectical thinking. Because East Asians place greater
emphasis on the entire field and rely less on categorical distinctions (Ji et al., 2000; Markus
& Kitayama, 1991; Nisbett et al., 2001), and demonstrate a higher tolerance for incon-
sistencies in their emotions, thoughts, and behaviors (Peng & Nisbett, 1999; Peng et al.,
2006), they may perceive facial expressions as containing multiple emotions. In the present
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Fig. 1 Facial prototypes of anger and disgust of White and Asian targets Generated by FaceGen Modeller in
Experiment 1. Note. All prototypes of anger and disgust meet the criteria set by Ekman et al. (2002) and are
considered standard facial expressions

research we thus expected that East Asians would be more likely than Westerners to per-
ceive mixed emotions across facial prototypes.

Emotional Facial Expression Software

Computer-generated faces are widely used as experimental stimuli in the field of psy-
chology to investigate perception of faces and facial expressions (Friesen et al., 2019;
Malek et al., 2019; Oosterhof & Todorov, 2008). Although compared to real human
faces, computer-generated faces lack a certain level of realism, they allow for precise
control over facial features associated with age, race, gender, head position, and even
individual muscle movements (Friesen et al., 2019; Mende-Siedlecki et al., 2019). This
capability ensures that faces can be generated and used as experimental stimuli that are
consistent across all aspects, except the manipulated factors. Among these face syn-
thesis software, one of the most widely used face synthesis software programs is Face-
Gen (https://facegen.com/) Modeller (Hehman et al., 2015, 2017; Thorstenson et al.,
2019). For examples of images created with this software, see Fig. 1. An important
reason why faces generated by FaceGen may be perceived as artificial is that this soft-
ware does not fully simulate specific facial muscle movements. For example, Miller
et al. (2022) found that the FaceGen AU tools did not adequately produce "crow’s feet"

@ Springer


https://facegen.com/

Journal of Nonverbal Behavior (2024) 48:439-464 443

wrinkles around the eyes or the pouches around the eyes that are associated with the
Duchenne marker; it only narrowed the eye aperture. Due to the poor simulation of
the Duchenne marker, they did not find any differences between happy faces with and
without the Duchenne marker with FaceGen stimuli but they found that happy faces
with the Duchenne marker in real human faces were perceived as more authentic and
had higher intensity compared to those without the Duchenne marker (but see Friesen
et al., 2019 for alternative findings).

In 2021, new facial software was released called MetaHuman Creator (https://www.
unrealengine.com), which produces high-quality digital faces with significant improve-
ments in realism. For examples of images created with this software, see Fig. 3. Nota-
bly, when manipulating the same muscle movements in MetaHuman and FaceGen,
slight differences in muscle changes can be observed. For example, when manipulat-
ing the muscle movement of nose wrinkler (AU9) in facial expressions, the resulting
changes in FaceGen generated faces (FG faces) primarily involved a lowered brow,
narrowed eyes, and a horizontal wrinkle across the bridge of the nose, see D1 in Fig. 1.
Changes in MetaHuman generated faces (MH faces), alternatively, included a slight
lowering of the brow, narrowed eyes, several vertical wrinkles on the bridge of the
nose, and deepened nasolabial lines, see D1 in Fig. 3. Furthermore, when manipulating
the movement of brow lowerer (AU4) in facial expressions, FG faces did not exhibit
any furrows (e.g., Al in Fig. 1), while MH faces had several vertical furrows between
the eyebrows (e.g., Al in Fig. 3).

Overall, although MetaHuman compared to FaceGen appears to be more realistic
in simulating facial muscle changes associated with various emotional expressions, no
studies have been conducted to compare the perception of facial expressions generated
by these two software programs. If there are indeed differences in the perception of
facial expressions from these programs, then researchers should be cautious in select-
ing software for generating facial expressions in future studies. A further aim of the
present research was therefore to compare facial expressions produced by FaceGen and
MetaHuman and examine whether the specific software affects perceptions of facial
expressions.

The Present Research

In summary, the goals of the present research were to investigate (1) whether different pro-
totypes associated with the same emotion (i.e., anger or disgust) were decoded differently,
(2) whether Chinese compared to Canadian participants perceived more mixed emotions in
these facial prototypes, and (3) whether prototypes generated by different software (Face-
Gen and MetaHuman) were decoded differently. To this end, three experiments were con-
ducted in which Chinese and Canadian participants decoded facial prototypes related to
anger and disgust, respectively. In particular, Chinese and Canadian participants viewed
FG faces of White (Experiment 1a) and East Asian (Experiment 1b) targets, and MH faces
of White and East Asian targets (Experiment 2). On each trial, participants made judg-
ments about whether the target expression depicted anger (yes or no) or disgust (yes or no).
To explore whether these findings could be extended to different evaluation paradigms,
Experiment 3 asked Chinese and Canadian participants to rate the intensity of anger and
disgust for each expression generated by MH faces of White and East Asian targets.
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Table 1 Facial action units for the facial expressions of anger and disgust

References Reference AUs for anger Reference AUs for disgust Physical description
Ekman et al., (2002) 44+54+7+10+22423425,26 9 Upper face:
4+5+7+104+23+25, 26 9+16+25, 26 4: Brow lowerer

5: Upper lid raiser

44+5+7+23+25, 26 9+17 6: Cheek raiser
44+5+7+17+23 10 7: Lid tightener
44+5+7+17+24 10+16+25, 26 9: Nose wrinkler
44547423 10417 Lower face:
10: Upper lip raiser
4+5+7+24 12: Lip corner puller
Elfenbein et al., (2007) 4,5,7,17 4,6,9,10,12,17,25,26  16: Lower lip depressor
Cordaro et al., (2018) 4,7 4,6,7,9, 10, 25,26 17: Chin raiser
Fang et al., (2022) 4,7,23 4,7,9,10,17,25 22: Lip funneler

23: Lip tightener
24: Lip presser
25: Lips part

26: Jaw drop

In Ekman et al.’s work (2002), AUs for expressions are denoted by combinations of AUs (AUs combined
with "+"; except AU26, which can be present or not for a given combination). Other emotion production
work (Cordaro et al., 2018; Elfenbein et al., 2007; Fang et al., 2022) represents AUs for expressions using
single AUs (AUs separated with commas, indicating they are not necessarily all present in a single expres-
sion)

Development of Major Facial Prototypes of Anger and Disgust

In order to secure a comprehensive yet concise set of facial prototypes of anger and
disgust, we took a number of steps to develop major variants of prototypes related to
anger and disgust. First, we summarized empirical work on facial prototypes of anger
and disgust. In particular, we included the FACS manual (Ekman et al., 2002), as well
as cross-cultural studies on emotion production (Cordaro et al., 2018; Elfenbein et al.,
2007; Fang et al., 2022). Specific AUs (or combinations of AUs) related to expressions
of anger and disgust were extracted from this work and summarized in Table 1.

Based on the frequency of occurrence of AUs in Table 1, we identified critical AUs for
specific emotions. For instance, AU4 (brow lowerer) and AU7 (lid tightener) are present
in all prototypes associated with anger, thus establishing them as critical AUs for anger.
Similarly, because the presence of AU9 (nose wrinkler) and/or AU10 (upper lip raiser) is
included in all prototypes related to disgust, they are also identified as critical AUs for dis-
gust. With these critical AUs as the foundation, we constructed emotion prototypes ranging
from minimal to more complex representations. The simplest prototypes encompass only
the critical AUs (e.g., AUs 447 for Anger 1), while more comprehensive prototypes pro-
gressively incorporate additional AUs. This approach enables a systematic examination of
emotional expressions through the combination of critical and supplementary AUs.

Specifically, the inclusion of Action Units (AUs) in the prototypes was guided by
several criteria:

1. Critical AUs for anger and disgust were included in all prototypes related to anger and
disgust, respectively. This ensured that the most salient AUs associated with these emo-
tions were represented.

@ Springer



Journal of Nonverbal Behavior (2024) 48:439-464 445

2. AUs were included sequentially based on their relative importance, as determined by
their frequency of occurrence in the expression of a specific emotional prototype. This
approach allowed for the inclusion of AUs that are most commonly associated with a
particular emotion and thus are likely to be critical for the accurate representation of
that emotion.

3. A new AU was only included if it produced perceptual differences in facial appearance
from an existing AU. This ensured that the addition of a new AU contributed to the
overall differentiation from the existing emotional prototypes. For example, AUS (upper
lip raiser) was not included because when AUS was added to AU4, it resulted in a facial
appearance similar to having AU4 (brow lowerer) alone in FaceGen. Similarly, AU24
(lip presser) was not included because it produced a similar facial appearance to AU23
(lip tightener).

Based on these criteria, we selected a set of facial AUs to develop prototypes of anger
and disgust. Specifically, we included AU4 (brow lowerer), AU7 (lid tightener), AU23
(lip tightener), AU17 (chin raiser), and AU25 (lips part) to develop four major prototypes
of anger (Anger 1: AUs 447; Anger 2: AUs 447+23; Anger 3: AUs 447+17+23; and
Anger 4: AUs 44-74234-25). For disgust, we included AU9 (nose wrinkle), AU10 (upper
lip raiser), AU25 (lips part), AU4 (brow lowerer), and AU7 (lid tightener) to develop six
major prototypes of disgust (Disgust 1: AUs 9+25; Disgust 2: AUs 10425; Disgust 3: AUs
9+10+25; Disgust 4: AUs 44+7+9+25; Disgust 5: AUs 4+7+10+25; and Disgust 6: AUs
44+74+9+10+425).

Experiment 1

In Experiment 1, we investigated the perception of Canadian and Chinese participants
of 10 facial prototypes of expressions. In Experiment la all targets were White men and
in Experiment 1b all targets were Asian men. Because the only difference between these
two experiments was target race, with all other aspects of the experiments identical, we
reported the results of these two experiments together.

Method
Participants

To maximize power, we used a 2 (Emotion Judgment: Anger, Disgust) X 10 (Facial Pro-
totype: Al, A2, A3, A4, D1, D2, D3, D4, D5, D6)x2 (Perceiver Culture: Canadian,
Chinese) mixed design, with the first two factors as within-subject and Perceiver Culture
as between-subjects. Given this design, we aimed to recruit approximately 100 people
in each cultural group for both Experiments la and 1b. The final sample in Experiment
la included 116 (60 men and 56 women; M,,.=19.60, SD=2.16) participants born and
raised in Canada and recruited at a university in Ontario and 109 (53 men and 56 women;
M,,,=20.81, SD=2.43) participants born and raised in China and recruited at several uni-
versities in China. The final sample in Experiment 1b included 73 (16 men and 57 women;
M,,.=18.74, SD=1.24) participants born and raised in Canada and recruited from a uni-
versity in Ontario and 74 (15 men and 59 women; M,,,=19.80, SD=1.23) participants
born and raised in China and recruited from several universities in China. Canadian and
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Chinese participants received either course credit for their participation or volunteered,
respectively. We merged Experiment la and 1b samples and treated Target Race as a
between-subjects factor. A sensitivity analysis using G*Power (Faul et al., 2007) indicated
that our final sample could detect a small effect size, Cohen’s d=0.15, for the differences
between anger and disgust ratings (with a=.05).

Stimuli and Procedure

Ten White male faces with neutral emotion from the York Face Database (Vinglis-Jaremko
et al., in preparation) and ten Asian male faces with neutral emotion from the Taiwan
Facial Expression Image Database (TFEID; Chen & Yen, 2007) were imported into Face-
Gen.! We manipulated specific AUs to createl0 prototypes for each model, resulting in
a total of 100 White faces and 100 Asian faces (10 prototypes per model X 10 models).
Both Experiment 1a with White targets and Experiment 1b with Asian targets were con-
ducted on a Qualtrics survey platform (www.qualtrics.com). In each study, each face was
presented twice, with “Anger” versus “Not Anger” under the image in one trial and “Dis-
gust” versus “Not Disgust” under the image in another trial. Participants were instructed
to choose the label that best described the displayed emotion. Each participant completed
a total of 200 trials (100 faces X2 types of trials), with the order of faces and alternative
choices randomized.

Transparency and Openness

How we determined our sample size, all manipulations, and all measures in the current
experiments are reported. All data, analysis code, and research materials are available at
https://osf.io/nytj9/vs.view_only=97f92f0f4d3a46aeabd81fcfb724fb09.

Results

Participants’ anger scores were calculated as the probability of responding "yes" to the
anger judgment trials and disgust score were calculated as the probability of responding
"yes" to the disgust judgment trials for each prototype. For example, if a participant rated 6
out of 10 anger judgment trials as expressing anger for the targets of Al, their anger score
would be 0.6. Alternatively, if a participant rated 5 out of 10 disgust judgment trials as
expressing disgust for the same prototype, their disgust score would be 0.5. The depend-
ent measure for prototypes of anger was calculated as the difference between the anger and
disgust scores, while the dependent measure for prototypes of disgust was calculated as the
difference between disgust and anger scores. We treated Target Race as a between-subjects
factor, related to Experiment la and 1b, in a 2 (Perceiver Culture: Canadian, Chinese) X 2
(Target Race: White, Asian) x4 (Facial Prototype: Al, A2, A3, A4) mixed-design ANOVA
for prototypes of anger, and a 2 (Perceiver Culture: Canadian, Chinese) X2 (Target Race:

! When importing the facial images of our models into the FaceGen software, the default is to generate
bald-headed avatars. However, the appearance of bald-headed female avatars did not align with our por-
trayal of female faces and seemed rather unusual. Additionally, although the FaceGen software allows for
the inclusion of additional hairstyles, the available options are limited in number and lack realism. Taking
all these factors into consideration, we made the deliberate decision to exclusively use male models for
Experiment 1.
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White, Asian)x 6 (Facial Prototype: D1, D2, D3, D4, D5, D6) mixed-design ANOVA for
prototypes of disgust. In both analyses, Facial Prototype was a within-subjects factor, while
Perceiver Culture and Target Race were between-subjects factors, see Table 2.

Facial Prototypes of Anger

The primary aim of this study was to investigate whether different facial prototypes related
specifically to anger and disgust were perceived differently and whether these effects were
moderated by culture. In our first set of analyses, we examined prototypes of Anger (Al,
A2, A3, and A4). Our results revealed a significant two-way interaction between Perceiver
Culture and Facial Prototype, see Table 2. To initially decompose this effect, we analyzed
the impact of Facial Prototype for Canadian and Chinese cultures separately. The left pan-
els of Fig. 2 include the means and standard deviations of emotion scores for all prototypes
in both cultures, while the right panels present the Standardized Mean Difterences (SMD,
Cohen’s d) between the two scores and their confidence intervals. To account for pairwise
comparisons across the four facial prototypes within each cultural group, we used a Bon-
ferroni corrected p=0.008 (0.05/6).

For Canadian participants, pairwise comparisons indicated that the difference score
for A3 was significantly higher than for A1, A2, and A4, ps <.005, Cohen’s ds>0.21. No
other significant differences were found, ps>.072, Cohen’s ds <0.13. Furthermore, we
conducted #-tests to compare the difference score for each facial prototype with zero, with
a significance threshold Bonferroni adjusted to p=.013 (0.05/4). Our results indicated that
the difference scores for all facial prototypes were significantly greater than zero, ps <.001,
see Fig. 2 for Cohen’s ds. Together these findings suggest that all anger prototypes were
primarily perceived as conveying anger by Canadian participants, with A3 being the most
effective in conveying this emotion.

For Chinese participants, however, no pairwise comparisons were significant among the
four anger prototypes, ps>.031, Cohen’s ds <0.16. Furthermore, #-tests comparing the dif-
ference score for each facial prototype with zero indicated that the difference score for Al
was significantly less than zero, p <.001, while the difference scores for A2, A3, and A4
did not significantly differ from zero, ps>.107, see Fig. 2 for Cohen’s ds. Together these
results suggest that while A1 was primarily perceived as disgust rather than anger, the other
anger prototypes were perceived as a mixture of anger and disgust by Chinese participants.

To further examine the impact of Eastern versus Western cultures on perceptions
of emotion prototypes, we decomposed the two-way interaction between Perceiver Cul-
ture and Facial Prototype by Facial Prototype. The significance threshold was Bonferroni
adjusted to p=.013 (0.05/4) due to the comparisons between two cultures across four facial
prototypes. For all anger prototypes, the difference scores for Canadian compared to Chi-
nese participants were significantly higher, ps <.001, Cohen’s ds>0.49. As depicted in
Fig. 2, Chinese compared to Canadian participants perceived more mixed emotions across
all anger prototypes, with difference scores closer to 0.

Facial Prototypes of Disgust

In examining the results related to prototypes of disgust (D1, D2, D3, D4, D5, and D6), the
two-way interaction between Perceiver Culture and Facial Prototype was also significant,
see Table 2. To initially decompose this effect, we analyzed the impact of Facial Proto-
type for Canadian and Chinese cultures separately, see Fig. 2. To adjust for the pairwise
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A. Canadian participants

Anger Disgust Standardised Mean
Prototype N Mean SD N Mean SD Difference SMD 95% CI
Anger1 189 0.34 0.23 189 0.24 0.22 5= 0.40 [0.20; 0.60]
Anger2 189 0.34 0.22 189 0.23 0.23 0.50 [0.30; 0.71]
Anger3 189 048 0.23 189 0.31 0.24 0.70 [0.50; 0.91]
Anger4 189 0.37 0.23 189 0.29 0.23 0.37 [0.16; 0.57]
Disgust1 189 0.40 0.23 189 0.39 0.24 : 0.04 [-0.17; 0.24]
Disgust2 189 0.14 0.18 189 0.45 0.27 -1.33 [-1.55; -1.11]
Disgust3 189 0.43 0.24 189 0.67 0.23 = -1.05 [-1.27;-0.84]
Disgust4 189 0.75 0.23 189 0.59 0.28 0.62 [0.41; 0.82]
Disgust5 189 0.48 0.24 189 0.62 0.22 - -0.59 [-0.80; -0.38]
Disgust6 189 0.81 0.19 189 0.82 0.20I ; 5 : 1-0.08 [-0.28; 0.12]
-2 -1 0 1 2

B. Chinese participants

Anger Disgust Standardised Mean
Prototype N Mean SD N Mean SD Difference SMD 95% CI
Anger1 183 0.28 0.23 183 0.34 0.23 —~—| -0.23 [-0.44; -0.03]
Anger2 183 0.30 0.26 183 0.33 0.25 . -0.10 [-0.31; 0.10]
Anger3 183 040 0.28 183 0.41 0.28 , -0.04 [-0.25; 0.16)
Anger4 183 0.32 0.24 183 0.34 0.24 : -0.08 [-0.28; 0.13]
Disgust1 183 0.34 0.22 183 0.35 0.24 L 3 -0.04 [-0.24; 0.17]
Disgust2 183 0.16 0.19 183 0.22 0.23 -0.28 [-0.48;-0.07]
Disgust 3 183 0.37 0.24 183 0.43 0.25 = -0.27 [-0.47; -0.06)
Disgust4 183 0.68 0.25 183 0.71 0.24 -0.14 [-0.34; 0.07]
Disgust5 183 0.40 0.24 183 0.46 0.26 —'—‘ -0.23 [-0.44; -0.03]
Disgust6 183 0.82 0.19 183 0.82 0.21 =2 0.01 [-0.20; 0.21]

T T T T 1
-2 -1 0 1 2

Fig. 2 Differences between anger and disgust scores for facial prototypes generated by FaceGen in Experi-
ment 1. Note. Positive scores related to standardized mean differences (SMD, Cohen’s d) reflect higher rat-
ings of anger than disgust while negative scores of SMD reflect higher ratings of disgust than anger. For
further details on results related to the targets of different races, see Figure S1

comparisons across the six facial prototypes within each cultural group, we used a Bonfer-
roni corrected p=.003 (0.05/15).

For Canadian participants, pairwise comparisons indicated that D2 and D3 (with no
significant difference between them, p=.040, Cohen’s d=0.19) were significantly higher
than D5, ps<.001, Cohen’s ds>0.36, while D5 was significantly higher than D1 and
D6 (with no significant difference between them, p=.291, Cohen’s d=0.08), ps<.001,
Cohen’s ds > 0.40. Furthermore, #-tests were conducted to compare the difference score for
each facial prototype with zero, with a significance threshold Bonferroni adjusted to .008
(0.05/6). The results indicated that the difference scores for D2, D3, and D5 were signifi-
cantly greater than zero, ps <.001, while the difference score for D4 was significantly less
than zero, p <.001. The difference scores for D1 and D6 did not significantly differ from
zero, ps>.359, see Fig. 2 for Cohen’s ds. Together these findings suggest that Canadian
participants primarily perceived D2, D3, and D5 as disgust, with D2 and D3 being the
most effective in conveying this emotion. In contrast, D4 was predominantly associated
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Fig.3 Facial prototypes of anger and disgust of Asian and White targets generated by MetaHuman creator
in Experiments 2 and 3

with anger rather than disgust, while D1 and D6 were perceived as a mixture of anger and
disgust.

For Chinese participants, however, no pairwise comparisons were significantly different
among the six disgust prototypes, ps>.006, Cohen’s ds <0.29. Furthermore, #-tests com-
paring the difference score for each facial prototype with zero indicated that the differ-
ence scores for D2, D3, and D5 were significantly greater than zero, ps <.001, while the
difference scores for D1, D4, and D6 did not significantly differ from zero, ps>.013, see
Fig. 2 for Cohen’s ds. Together these findings suggest that Chinese participants primarily
perceived D2, D3, and D5 as disgust and perceived D1, D4, and D6 as a mixture of anger
and disgust.

We also decomposed the two-way interaction between Perceiver Culture and Facial Pro-
totype by Facial Prototype. The significance threshold was Bonferroni adjusted to p=.008
(0.05/6) due to the comparisons between two cultures across six disgust prototypes. For
D2, D3, and D5, the difference scores for Canadian participants were significantly higher
than for Chinese participants, ps <.006, Cohen’s ds>0.36. For D4, the difference score
for Canadian participants was significantly lower than that for Chinese participants, with
p<.001, Cohen’s d=0.75. However, for D1 and D6, difference scores between the two
cultural groups were not significantly different, ps>.377, Cohen’s ds <0.09. As depicted in
Fig. 2, Chinese compared to Canadian participants perceived more mixed emotions for D2,
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D3, D4, and D5, with difference scores closer to 0. However, the two cultural groups did
not differ in the perception of mixed emotions for D1 and D6.

Discussion

In summary, the results of Experiment 1 suggest some prototypes of anger and disgust were
more effective in conveying emotions than others, but this pattern varied across cultures. In
general, the effect size of Facial Prototype was small for anger prototypes (np =0.022), but
large for dlsgust prototypes (np =0.180). Perceiver Culture had a large effect size for anger
prototypes (np =0.180) and a medium effect size for disgust prototypes (np =0.065).
These results suggest that both facial prototypes and the cultural background of the per-
ceivers play a significant role in emotion perception. The magnitude of their respective
influences depends on the specific emotion being examined.

Specifically, among Canadian participants, all anger prototypes were predominantly
perceived as anger, with A3 being the most effective in conveying this emotion. In con-
trast, Chinese participants did not identify any anger prototype as depicting more anger
than disgust, with A1 perceived as more disgust than anger and the remaining 3 prototypes
perceived as a blend of anger and disgust. Regarding the disgust prototypes, Canadian par-
ticipants primarily recognized D2, D3, and D5 as disgust, with D2 and D3 being the most
effective in communicating this emotion. They perceived D4 as more anger than disgust,
while they perceived and D1 and D6 as a mixt of anger and disgust. Similarly, Chinese
participants primarily identified D2, D3, and D5 as disgust, while interpreting D1, D4, and
D6 as a mix of anger and disgust. Furthermore, our findings suggest that individuals from
distinct cultural backgrounds discern varying degrees of mixed emotions from identical
prototypes, with Chinese compared to Canadian participants detecting more mixed emo-
tions in all anger prototypes and in four disgust prototypes (D2, D3, D4, and D5).

Experiment 2

As depicted in Fig. 1, the emotional faces generated with FaceGen may not accurately
reflect the nuances of natural facial expressions, particularly with regards to muscle move-
ments (e.g., wrinkles). Therefore, it is vital to investigate whether the findings of Experi-
ment 1 replicate with more naturalistic emotional facial stimuli. While all faces generated
using FaceGen were bald, male targets in Experiment 1 (as explained in footnote 1), we
created more authentic and lifelike emotional faces of both male and female targets with
MetaHuman in Experiment 2. The primary objective of this study was to explore how par-
ticipants from Eastern and Western cultures perceive emotions from four anger prototypes
and six disgust prototypes with these alternative set of stimuli.

Method
Participants

The final sample in this experiment included 96 (19 men and 77 women; M, =19.75,

age
SD=6.45) participants born and raised in Canada and recruited from a university in
Ontario and 102 (21 men and 81 women; M,,.=19.06, SD=0.91) participants born

age
and raised in China and recruited from a university in Zhejiang Province. Canadian and
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Chinese participants were compensated with either course credits or money, respectively.
A sensitivity analysis using G*Power indicated that our sample could detect a small effect
size, Cohen’s d=0.20, for differences between anger and disgust judgments (with a=.05).

Stimuli and Procedure

Using 4 Asian models (two male and two female) and 4 White models (two men and two
women) from MetaHuman, we created 10 facial prototypes (four related to anger and six
related to disgust) for each of the eight models, resulting in a total of 80 faces, see Fig. 3.
Although in Experiment 2, we used MetaHuman rather than FaceGen faces, the rest of the
procedure was identical to Experiment 1.

Results

In accordance with the analytic strategy in Experiment 1, we conducted a 2 (Perceiver Cul-
ture: Canadian, Chinese)x2 (Target Race: White, Asian)x4 (Facial Prototype: Al, A2,
A3, A4) mixed-design ANOVA for prototypes of anger, and a 2 (Perceiver Culture: Cana-
dian, Chinese) X 2 (Target Race: White, Asian) X 6 (Facial Prototype: D1, D2, D3, D4, D5,
D6) mixed-design ANOVA for prototypes of disgust. In contrast to Experiment 1, Target
Race and Facial Prototype were within-subject variables, whereas Perceiver Culture was a
between-subjects variable, see Table 2.

Facial Prototypes of Anger

In our first set of analyses that examined anger prototypes, the two-way interaction between
Perceiver Culture and Facial Prototype was significant, see Table 2. To decompose this
effect, we first analyzed the impact of Facial Prototype for Canadian and Chinese cultures
separately, see Fig. 4. Pairwise comparisons, with an adjusted significance threshold of
p=.008, as in Experiment 1, indicated that for Canadian participants, the difference score
for A2 and A3 (with no significant difference between the two, p=.632, Cohen’s d=0.05)
was significantly higher than for Al and A4, ps<.001, Cohen’s ds>0.59. In addition, the
difference score for Al was significantly greater than for A4, p<.001, Cohen’s d=0.67.
Moreover, t-tests comparing the difference score for each facial prototype with zero, with
an adjusted significance threshold of p=.013, revealed that the difference scores for Al,
A2, and A3 were greater than zero, ps <.001, while A4 did not significantly differ from
zero, p=.837, see Fig. 4 for Cohen’s ds. Together these findings suggest that A1, A2, and
A3 were primarily perceived as anger by Canadian participants, with A2 and A3 being
more effective than Al in conveying this emotion. A4, alternatively was primarily per-
ceived as a mixture of anger and disgust.

For Chinese participants, pairwise comparisons indicated that although the difference
score for A3 was greater than for A4, p<.001, Cohen’s d=0.38, the difference scores
when comparing any other anger prototypes were not significant, ps>.007, Cohen’s
ds<0.31. Moreover, t-tests comparing the difference score for each facial prototype with
zero revealed that the difference scores for Al and A4 were significantly less than zero,
ps<.001, indicating that these prototypes were perceived as disgust rather than anger. In
contrast, the difference scores for A2 and A3 were not significantly different from zero,
ps>.140, suggesting that these prototypes were primarily perceived as a mixture of anger
and disgust, see Fig. 4 for Cohen’s ds.

@ Springer



Journal of Nonverbal Behavior (2024) 48:439-464 453

A. Canadian participants

Anger Disgust Standardised Mean
Prototype N Mean SD N Mean SD Difference SMD 95% CI
Anger1 96 049 0.28 96 0.26 0.26 = 0.86 [0.57; 1.16]
Anger2 96 0.63 0.25 96 0.22 0.25 1.62 [1.29; 1.95]
Anger3 96 0.67 0.24 96 0.26 0.22 1.80 [1.46; 2.13]
Anger4 96 0.58 0.24 96 0.58 0.25 -0.03 [-0.31; 0.26]
Disgust1 96 0.44 0.26 96 0.82 0.20 —— -1.63 [-1.96; -1.30]
Disgust2 96 0.13 0.18 96 0.51 0.30 -1.51 [-1.83;-1.19]
Disgust3 96 048 0.26 96 0.83 0.18 —+ -1.53 [-1.85; -1.21]
Disgust4 96 0.57 0.26 96 0.86 0.16 -1.35 [-1.66; -1.03]
Disgust5 96 0.51 0.26 96 0.79 0.20 - -1.22 [-1.53;-0.91]
Disgust6 96 0.60 0.27 96 0.83 0.19 : § 1 | -0.98 [-1.28; -0.68]
-2 -1 0 1 2

B. Chinese participants

Anger Disgust Standardised Mean
Prototype N Mean SD N Mean SD Difference SMD 95% CI
Anger1 102 0.40 0.27 102 0.49 0.28 -| -0.33 [-0.60; -0.05]
Anger2 102 0.46 0.28 102 0.50 0.28 | -0.13 [-0.40; 0.15]
Anger3 102 048 0.29 102 0.49 0.29 -0.03 [-0.30; 0.24]
Anger4 102 0.50 0.27 102 0.64 0.30 -0.46 [-0.74;-0.19]
Disgust1 102 047 0.27 102 0.60 0.24 - -0.49 [-0.77;-0.21]
Disgust2 102 0.14 0.19 102 0.21 0.23 -0.30 [-0.58; -0.03]
Disgust3 102 0.59 0.25 102 0.71 0.22 & -0.50 [-0.78;-0.22]
Disgust4 102 0.70 0.24 102 0.86 0.18 -0.73 [-1.01; -0.44)
Disgust5 102 0.56 0.28 102 0.76 0.25 - -0.77 [-1.06; -0.49]
Disgust6 102 0.77 0.24 102 0.90 0.16 * -0.66 [-0.94; -0.37]

I T 1 T 1
-2 -1 0 1 2

Fig.4 Differences between anger and disgust scores for facial prototypes generated by MetaHuman in
Experiment 2. Note. Positive scores related to standardized mean differences (SMD, Cohen’s d) reflect
higher ratings of anger than disgust while negative scores of SMD reflect higher ratings of disgust than
anger. For further details on the results related to targets of different races, see Figure S2

We also decomposed the two-way interaction between Perceiver Culture and Facial Pro-
totype by Facial Prototype. Pairwise comparisons adjusted to a significance threshold of
p=.013 indicated that for A1, A2, and A3, the difference scores for Canadian compared
to Chinese participants were significantly higher, ps <.001, Cohen’s ds > 1.04. There were
no cultural differences, however, for A4, p=.025, Cohen’s d=0.44. As depicted in Fig. 4,
Chinese compared to Canadian participants perceived more mixed emotions for Al, A2,
and A3, with difference scores closer to 0. However, the two cultural groups did not differ
in the perception of mixed emotions for A4.

Facial Prototypes of Disgust
In the second set of analyses that examined disgust prototypes, the two-way interaction

between Perceiver Culture and Facial Prototype was also significant, see Table 2. To
decompose this effect, we analyzed again the impact of Facial Prototype for Canadian and
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Chinese cultures separately, see Fig. 4. Pairwise comparisons with significance thresholds
adjusted to p=.003 indicated that for Canadian participants, the difference scores for D1,
D2, and D3 were significantly higher than for D6, ps <.001, Cohen’s ds >0.36. The differ-
ence scores between all other pairs of disgust prototypes, however, were not significant,
ps>.004, Cohen’s ds <0.30. Furthermore, t-tests comparing the difference score for each
facial prototype with zero, with corrected significance thresholds adjusted to p=.008, indi-
cated that the difference scores for all disgust prototypes were significantly greater than
zero, ps <.001, see Fig. 4 for Cohen’s ds. Together these findings suggest that Canadian
participants perceived all disgust prototypes as disgust, with D1, D2, and D3 being more
effective than D6 in conveying this emotion.

For Chinese participants, pairwise comparisons revealed that the difference score for
D5 was significantly higher than for D2, p<.001, Cohen’s d=0.45, but the difference
scores between all other pairs of disgust prototypes were not significant, ps>.003, Cohen’s
ds <0.30. Furthermore, t-tests comparing the difference score for each facial prototype
with zero indicated that the difference scores for all disgust prototypes were significantly
greater than zero, ps <.001, see Fig. 4 for Cohen’s ds. Together these findings suggest that
Chinese participants also perceived all disgust prototypes as disgust, with D5 being more
effective than D2 in conveying this emotion.

We also decomposed the two-way interaction between Perceiver Culture and Facial Pro-
totype by Facial Prototype. Pairwise comparisons with significance thresholds adjusted to
p=.008 indicated that for D1, D2, D3, and D4, the difference scores for Canadian com-
pared to Chinese participants were significantly higher, ps <.006, Cohen’s ds>0.50. No
difference, however, was found between the two cultural groups for D5 and D6, ps>.206,
Cohen’s ds<0.33. As depicted in Fig. 4, Chinese compared to Canadian participants
showed a higher perception of mixed for D1, D2, D3, and D4, with difference scores closer
to 0. The perceived level of mixed emotions for D5 and D6, however, was similar between
the two cultural groups.

Discussion

In summary, the findings of Experiment 2 indicate that prototypes of anger and disgust
differ in the extent to which they convey the intended emotions and that the results vary
across cultures. In general, the effect size of Facial Prototype was large for anger proto-
types (np2=0.249), but small for disgust prototypes (np2=0.013). However, Perceiver
Culture had a large effect size for both anger (np2=0.339) and disgust (np2=0.175) proto-
types. These results, consistent with those of Experiment 1, highlight the significant roles
of facial prototypes and the cultural background of perceivers in emotion perception, with
their respective influences varying depending on the specific emotion being examined.

Specifically, in line with the findings of Experiment 1, Canadian participants primarily
perceived Al, A2, and A3 as anger, and A4 as a combination of anger and disgust, whereas
Chinese participants perceived Al and A4 as disgust, and A2 and A3 as a mixture of anger
and disgust. However, in contrast to Experiment 1, both Canadian and Chinese participants
perceived all disgust prototypes as disgust. Moreover, Chinese compared to Canadian par-
ticipants perceived a higher level of mixed emotions from three anger (except for A4) and
four disgust (except for D5 and D6) prototypes.

To further examine the impact of different software programs on emotion perception, we
conducted a combined analysis of Experiments 1 and 2. Notably, Target Race was treated
as a between-subjects factor in Experiment 1, whereas in Experiment 2, it was treated as a
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within-subject factor. We thus merged the Target Race factor when performing a combined
analysis for Experiments 1 and 2. The analysis revealed a significant main effect of Soft-
ware Program, as indicated in Table S1. Notably, the effect size of Software Program was
small for anger prototypes (np2 =0.020) but big for disgust prototypes (np2= 0.204).

Experiment 3

In both Experiments 1 and 2, we found that some anger or disgust prototypes were per-
ceived as mixed emotions of anger and disgust, rather than solely anger or disgust. To fur-
ther investigate this phenomenon, in Experiment 3, we instructed participants to judge the
intensity of anger and disgust emotions, rather than making categorical judgments. Specifi-
cally, we recruited a new group of participants from Canada and China who were presented
with the same set of MH emotional faces used in Experiment 2 and this new evaluation
task.

Method
Participants

The experiment included 98 (13 men and 85 women; M,,.=19.31, SD=3.01) participants
born and raised in Canada and recruited from a university in Ontario and 101 (16 men and
85 women; Mage= 18.79, SD=0.92) participants born and raised in China and recruited
from a university in Zhejiang Province. Participants from Canada and China were compen-
sated with either course credit or money, respectively. A sensitivity analysis using G¥*Power
indicated that our final sample could detect a small effect size of Cohen’s d=0.20 for the

differences between anger and disgust judgments (with a=.05).

Stimuli and Procedure

The stimuli and procedure were identical to those of Experiment 2 with one exception. Par-
ticipants were presented with each face once and instructed to rate the extent to which the
face displayed anger and disgust on a scale from O (not at all) to 100 (extremely) with the
order of ratings of anger and disgust counterbalanced across participants. Each participant
completed a total of 80 trials, with the order of faces randomized.

Results

We conducted a 2 (Perceiver Culture: Canadian, Chinese)x?2 (Target Race: White,
Asian) x4 (Facial Prototype: Al, A2, A3, A4) mixed-design ANOVA for prototypes of
anger, and a 2 (Perceiver Culture: Canadian, Chinese) X2 (Target Race: White, Asian) X6
(Facial Prototype: D1, D2, D3, D4, D5, D6) mixed-design ANOVA for prototypes of dis-
gust. For both analyses, Target Race and Facial Prototype were within-subject variables
and Perceiver Culture was a between-subjects variable, see Table 2.
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A. Canadian participants

Anger Disgust Standardised Mean
Prototype N Mean SD N Mean SD Difference SMD 95% CI
Anger1 98 32.37 18.23 98 18.91 14.74 = 0.81 [0.52; 1.10]
Anger2 98 40.19 19.30 98 16.44 14.04 1.40 [1.09; 1.71]
Anger3 98 44.42 19.52 98 18.29 15.07 1.49 [1.18; 1.81]
Anger4 98 3546 16.47 98 32.32 15.50 0.20 [-0.08; 0.48]
Disgust 1 98 27.73 15.40 98 54.42 17.53 — -1.61 [-1.93; -1.29]
Disgust 2 98 13.46 12.04 98 32.18 17.12 -1.26 [-1.57; -0.95]
Disgust 3 98 32.05 17.66 98 56.76 17.33 = -1.41 [-1.72; -1.09]
Disgust4 98 39.63 16.94 98 58.36 16.31 -1.12 [-1.42; -0.82]
Disgust 5 98 33.37 16.15 98 46.72 15.83 - -0.83 [-1.12; -0.54]
Disgust 6 98 42.05 19.09 98 60.03 16.92 | = | [~0.99 [-1.29; -0.70]
-2 -1 0 1 2

B. Chinese participants

Anger Disgust Standardised Mean
Prototype N Mean SD N Mean SD Difference SMD 95% CI
Anger 1 101 27.39 14.27 101 33.47 16.15 L | -0.40 [-0.68;-0.12]
Anger2 101 31.33 15.05 101 33.38 14.77 i -0.14 [-0.41; 0.14]
Anger3 101 35.14 15.42 101 33.91 16.92 0.08 [-0.20; 0.35]
Anger4 101 30.35 13.74 101 41.31 15.96 -0.73 [-1.02; -0.45])
Disgust1 101 29.99 16.61 101 42.24 17.28 —— -0.72 [-1.00; -0.44]
Disgust2 101 14.56 11.38 101 22.59 15.12 -0.60 [-0.88;-0.32]
Disgust3 101 37.93 17.79 101 47.86 16.54 L -0.58 [-0.86; -0.29]
Disgust4 101 42.14 14.44 101 59.78 15.24 -1.18 [-1.48; -0.88]
Disgust5 101 32.76 13.47 101 50.27 14.86 - -1.23 [-1.53;-0.93]
Disgust6 101 49.04 18.08 101 62.76 15.71 | : | l 1-0.81 [-1.09; -0.52]
-2 -1 0 1 2

Fig.5 Differences between anger and disgust scores for facial prototypes generated by MetaHuman in
Experiment 3. Note. Positive scores related to standardized mean differences (SMD, Cohen’s d) reflect
higher ratings of anger than disgust while negative scores of SMD reflect higher ratings of disgust than
anger. For further details on the results related to targets of different races, see Figure S3

Facial Prototypes of Anger

In the first set of analyses related to prototypes of anger, the two-way interaction between
Perceiver Culture and Facial Prototype was significant, see Table 2. To decompose this
effect, we first analyzed the impact of Facial Prototype for Canadian and Chinese cul-
tures separately, see Fig. 5. Pairwise comparisons with significance thresholds adjusted to
p=.008 revealed that for Canadian participants, the difference score for A2 and A3 (with
no difference between the two, p=.632, Cohen’s d=0.14) was significantly higher for Al
and A4, ps<.001, Cohen’s ds >0.76. Furthermore, the difference score for A1 was higher
than A4, p<.001, Cohen’s d=0.62. T-tests comparing the difference score for each facial
prototype with zero, with significance thresholds adjusted to p=.013, indicated that the dif-
ference scores for Al, A2, and A3 were significantly greater than zero, ps <.001. A4, how-
ever, was not significantly different from zero, p =.084, see Fig. 5 for Cohen’s ds. Together
these results suggest that for Canadian participants, Al, A2, and A3 were perceived as
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anger, with A2 and A3 being more effective than A1l in conveying this emotion. In contrast,
A4 was primarily perceived as a mixture of anger and disgust.

Although for Chinese participants, no significant pairwise comparisons were found
between difference scores for A2 and A3, p=.012, Cohen’s d=0.26, the difference score
for A2 was higher than for A1, p=.002, Cohen’s d=0.32, and the difference score for Al
was higher than for A4, p=.003, Cohen’s d=0.31. In addition, 7-tests comparing the dif-
ference score for each facial prototype with zero indicated that the difference scores for Al
and A4 were significantly less than zero, ps <.001, and the difference scores for A2 and
A3 were not significantly different from zero, ps >.254, see Fig. 5 for Cohen’s ds. Together
these findings suggest that for Chinese participants, A1 and A4 were perceived as disgust,
while A2 and A3 were primarily perceived as a mixture of anger and disgust.

We also decomposed the two-way interaction between Perceiver Culture and Facial Pro-
totype by Facial Prototype. For all anger prototypes except A4, the difference scores for
Canadian compared to Chinese participants were significantly higher, ps <.001, Cohen’s
ds>0.86. As depicted in Fig. 5, while Chinese compared to Canadian participants showed
a higher perception of mixed emotions for A1, A2, and A3, with difference scores closer to
0. However, Canadian compared to Chinese participants identified more mixed emotions
with A4, as indicated by the difference score approaching 0.

Facial Prototypes of Disgust

In our second set of analyses related to disgust prototypes, the two-way interaction between
Perceiver Culture and Facial Prototype was significant, see Table 2. To initially decom-
pose this effect, we analyzed the impact of Facial Prototype for Canadian and Chinese cul-
tures separately, see Fig. 5. Pairwise comparisons with significance thresholds adjusted to
p=.003 revealed that for Canadian participants, although the difference score of D1 was
not significantly different from D3, p=.204, Cohen’s d=0.13, it was significantly greater
than D2, D4, D5, and D6, ps <.001, Cohen’s ds >0.37. The difference score of D3 was also
significantly higher than D5, p<.001, Cohen’s d=0.47. No differences were observed in
the other comparisons, ps>.007, Cohen’s ds <0.28. T-tests comparing the difference score
for each facial prototype with zero, with significance thresholds adjusted to p =.008, dem-
onstrated that the difference scores for all disgust prototypes were considerably higher than
zero, ps <.001, see Fig. 5 for Cohen’s ds. Together these findings suggest that for Canadian
participants all disgust prototypes were perceived as disgust, with both D1 and D3 convey-
ing disgust relatively stronger.

For Chinese participants, however, pairwise comparisons indicated that the difference
score of D4 was not significantly different from D5 and D6, ps>.006, Cohen’s ds <0.28,
but it was significantly greater than D1, D2, and D3, ps<.001, Cohen’s ds>0.34. Addi-
tionally, the difference score of D5 was significantly greater than D2 and D3, ps<.001,
Cohen’s ds>0.38. No significant differences were found in the other comparisons,
ps>.003, Cohen’s ds <0.30. Furthermore, #-tests comparing the difference score for each
facial prototype with zero indicated that the difference scores for all six prototypes were
significantly greater than zero, ps <.001, see Fig. 5 for Cohen’s ds. Together these findings
suggest that for Chinese participants all disgust prototypes were perceived as disgust, with
D4, D5, and D6 conveying this emotion more effectively than D1, D2, and D3.

We also decomposed the two-way interaction between Perceiver Culture and Facial Pro-
totype by Facial Prototype. Pairwise comparisons indicated that for D1, D2, and D3, the
difference scores for Canadian compared to Chinese participants were significantly higher,
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ps<.001, Cohen’s ds>0.67. For D4, D5 and D6, however, no differences were found
between the two cultural groups, ps>.074, Cohen’s ds <0.25. As depicted in Fig. 5, Chi-
nese compared to Canadian participants showed smaller difference scores for D1, D2, and
D3, indicating a higher perception of mixed emotions for these disgust prototypes. The
perceived level of mixed emotions for D4, D5, and D6, however, was similar between the
two cultural groups.

Discussion

In summary, consistent with the findings of previous two experiments, the current experi-
ment indicates that prototypes of anger and disgust differ in the extent to which they con-
vey the intended emotions and that the results vary across cultures. In general, the effect
size of Facial Prototype was large for anger prototypes (np2=0.335), but small for disgust
prototypes (np2=0.025). Perceiver Culture had a large effect size for anger prototypes
(np2=0.339), but a small effect size for disgust prototypes (np2=0.059). These results, in
line with Experiments 1 and 2, underscore the significant roles of facial prototypes and the
cultural background of perceivers in emotion perception, with their respective influences
varying depending on the specific emotion under examination.

Specifically, Canadian participants primarily perceived Al, A2, and A3 as anger and A4
as a mixture of anger and disgust, while Chinese participants perceived Al and A4 as dis-
gust and A2 and A3 as a mixture of anger and disgust. Notably, both Canadian and Chinese
participants perceived all disgust prototypes as disgust. Furthermore, Chinese participants
perceived a higher level of mixed emotions for all anger prototypes except A4, and they
also perceived a higher level of mixed emotions from D1, D2, and D3 compared to Cana-
dian participants. In contrast, Chinese and Canadian participants did not show any cross-
cultural differences in the perception of mixed emotions for D4, D5, and D6. Comparing
the results of Experiments 2 and 3 suggest that despite changes in the evaluation paradigms
from forced choice to ratings scales, the pattern of effects remain largely consistent to the
previous findings related to MetaHuman stimuli.

General Discussion

In the field of emotion perception, researchers often use a variety of facial prototypes and
materials created with different software programs without distinguishing between them.
In the present research, we investigated the impact of standard prototypes and software
often used to create emotional expressions on the efficacy of decoding these signals, while
also considering cultural differences. In examining anger and disgust prototypes in depth,
we found that decoding emotions differed depending on the specific prototypes used, the
software programs employed, and the cultural background of the perceivers. These findings
are consistent with previous research (Fang et al., 2018, 2019; Jack et al., 2009) and high-
light the significant and relatively substantial influence of perceivers’ cultural background
on emotion perception. However, the magnitude of the effects of facial prototypes and soft-
ware programs on emotion perception depended on the specific emotion being investigated
or the prototypes being employed. These results emphasize the crucial importance of care-
fully selecting facial prototypes and software programs in emotion perception research,
particularly in cross-cultural contexts.
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Do Different Prototypes Convey the Same Emotional Signals?

When examining anger prototypes, Canadian participants primarily perceived the
intended emotion in all prototypes generated by FaceGen, as well as in Al, A2, and A3
prototypes generated by MetaHuman, but a blend of anger and disgust in A4 on MH
faces. In contrast, Chinese participants primarily perceived disgust rather than anger in
A1 on both FG and MH faces, as well as in A4 on MH faces, but a blend of anger and
disgust in all other anger prototypes. Further examination of the differences between A4
and the other anger prototypes revealed that lips apart (AU25) was the main distinguish-
ing feature, which was present in all disgust prototypes. Therefore, it is possible that due
to the frequent occurrence of the lips apart in disgust prototypes, participants were able
to perceive a higher level of disgust in the anger prototype, A4.

When examining disgust prototypes, both Canadian and Chinese participants pri-
marily perceived disgust in all disgust prototypes on MH faces. However, on FG faces,
Canadian participants primarily perceived disgust in D2, D3, and D5, anger rather than
disgust in D4, and a blend of anger and disgust in D1 and D6. Although Chinese par-
ticipants also primarily perceived disgust in D2, D3, and D5, and a blend of anger and
disgust in Dland D6, they differed from Canadian participants in perceiving a blended
emotion (not anger) in D4. Notably, perceptual differences between the disgust proto-
types created with the two software primarily stem from D1, D4, and D6, which all
involve the nose wrinkler (AU9).

In comparing the nose wrinkler (AU9) in the two software programs, the resulting
changes in FaceGen include a lowered brow, narrowed eyes, and a horizontal wrinkle
across the bridge of the nose, see D1 in Fig. 1. These changes are very similar to facial
changes caused by the two key AUs in anger, namely the brow lowerer (AU4) and lid
tightener (AU7), see Al in Fig. 1. Therefore, when FaceGen is used to create disgust
prototypes involving the nose wrinkler (AU9), participants are more likely to perceive a
blend of anger and disgust emotions. In contrast, in MetaHuman the resulting changes
when manipulating the nose wrinkles (AU9) include a slight lowering of the brow, nar-
rowed eyes, several vertical wrinkles on the bridge of the nose, and deepened nasolabial
lines, see D1 in Fig. 3, which are different from the changes caused by the brow lowerer
(AU4) and 1lid tightener (AU7), see Al in Fig. 3. Therefore, disgust prototypes created
with MetaHuman software are primarily perceived as conveying disgust.

Furthermore, across all three experiments, A3 was found to be the most effective in con-
veying anger for Canadian participants, as it included both upper and lower facial actions,
namely the brow lowerer (AU4), lid tightener (AU7), chin raiser (AU17), and lip tightener
(AU23). The addition of lower facial actions appears to enhance the perception of anger
compared to upper facial actions alone. Our findings suggest that in future studies seeking
to create facial expression prototypes that effectively convey anger, A3 should be consid-
ered. This could potentially improve the accuracy in identification of facial expressions.

With regard to disgust prototypes, for Canadian participants, the disgust prototype
that was most effective was D3, which is comprised of the nose wrinkler (AU9), upper
lip raiser (AU10), and lips apart (AU25). This prototype contains the two key action
units, AU 9 and AU 10, that are essential for conveying disgust. However, for Chi-
nese participants, the most effective disgust prototype was D5, which is comprised of
the brow lowerer (AU4), lid tightener (AU7), upper lip raiser (AU10), and lips apart
(AU25). These findings suggest that for Chinese participants, disgust conveyed through
the AU10 was more effective than the AU9.
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The Impact of Culture on Mixed Emotion Perception

Across three experiments, we demonstrated that overall Chinese participants perceived a
higher degree of mixed emotions in facial expressions than Canadian participants. This
finding is consistent with previous research indicating that participants from Eastern cul-
tures such as China compared to participants from Western cultures such as the Nether-
lands perceived higher levels of mixed emotions in both FACS-based (Western) prototypes
of emotional expressions and empirically based facial expressions from Eastern and West-
ern cultures (Fang et al., 2019). As noted in the introduction, one possible explanation for
this pattern of results is that participants from Eastern cultures, which are characterized by
holistic and dialectical thinking, may be more inclined to perceive mixed emotions in facial
expressions than participants from Western cultures, which are characterized by analytical
and nondialectical thinking (Nisbett et al., 2001; Peng & Nisbett, 1999; Spencer-Rodgers
et al., 2004).

East Asians’ inclination towards mixed emotions has been found not only in the percep-
tion of facial expressions but also in the production of facial expressions (Fang et al., 2022;
Wood et al., 2016). Using machine learning to categorize expressions based on patterns of
facial movements, Fang et al. (2022) found that both posed and spontaneous expressions of
anger and disgust by Chinese participants were less distinct than Dutch participants. This
finding suggests that, like the perception of emotional facial expressions, East Asians also
produce emotional expressions that overlap more than Westerners.

It is worth noting that while, overall, Chinese participants were found to perceive more
mixed emotions from facial expressions compared to Canadian participants, this phe-
nomenon did not hold true for every prototype. For example, both Canadian and Chinese
participants primarily perceived disgust from D5 and D6 on MH faces, and the degree of
mixed emotions perceived was similar for both groups. Therefore, if D5 or D6 were used
as experimental stimuli, there may be no difference in recognition rates between East Asian
and Western participants. Conversely, if D3 were used as the experimental material, West-
ern participants may be more likely to perceive the expression as disgust compared to East
Asian participants. These findings suggest that researchers should exercise caution when
selecting specific facial prototypes of emotions and consider how these perceptions may
vary across cultures.

Implications

The present findings contribute in important ways to research on emotion perception in
general as well as across cultures. Standardized facial expressions of emotion have been
widely utilized in measures of emotional intelligence in various settings such as work-
places and classrooms (Mayer et al., 1999; Zeidner et al., 2004), in investigations of chil-
dren’s comprehension of others’ emotions and intentions (Camras & Allison, 1985; Gross
& Ballif, 1991; Widen & Russell, 2003), in diagnostic tools for mental disorders includ-
ing anxiety disorders and borderline personality disorder (Leible & Snell Jr., 2004; Lizer-
etti & Extremera, 2011), and of course in understanding how individuals decode emotions
(Ekman & Cordaro, 2011). The present findings suggest that different prototypes associated
with these standardized expressions do not necessarily convey emotions equally, and the
selection of specific prototypes and software to create prototypes can significantly impact
an individual’s ability to recognize these emotions. Therefore, it is crucial for researchers
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and practitioners to be aware of the potential cross-cultural variations in emotion percep-
tion and consider the influence of specific prototypes on the effectiveness of measures and
interventions related to emotion recognition.

Limitations and Future Directions

The present research has several limitations that should be acknowledged. First, in the
current experiments, we did not include additional filler facial expressions, such as sad-
ness and fear, or provide more emotion options. These procedural decisions may have
constrained participants’ perception of the stimuli to anger and disgust exclusively. Future
research should, therefore incorporate additional filler expressions and expand response
options, allowing participants to choose from a wider range of expressions. By doing so,
we can examine whether our results hold true under a less restrictive format.

Second, while it was challenging to precisely control each action unit of the recruited
models, we synthesized a series of anger and disgust prototypes using software to conduct
our investigation. Therefore, we acknowledge that uncertainty exists regarding whether
these findings are applicable to real human faces. Nonetheless, comparisons between Meta-
Human and FaceGen faces in Figs. 1 and 3 indicate a significant improvement in the real-
ism and simulation of facial muscle movements achieved by MetaHuman. A productive
avenue for future research is to recruit professional actors to create corresponding expres-
sion prototypes, using Photoshop techniques to meet experimental material standards.

Third, this study relied solely on static facial expressions. Although static expressions
are commonly used in emotion research, they still differ from the dynamic expressions
we encounter in real-life situations. Dynamic facial expressions contain more informa-
tion, such as the onset, peak, and offset of facial expressions (Krumhuber et al., 2013).
This information may assist individuals in better differentiating between various emo-
tions, thereby facilitating the perception of more specific emotions from prototypes. Future
research could further explore this possibility.

Conclusion

Although a large body of research has examined perceptions of standard facial expressions,
little is known about how different prototypes related to a single emotion impact these per-
ceptions and whether the prototypes generated by different software are decoded differ-
ently. Even less is known about how these prototypes are perceived across cultures. The
present research provides new evidence on differences in the signal value of four major
prototypes of anger and six major prototypes of disgust generated by FaceGen and Meta-
Human, as well as cultural differences in the extent to which specific prototypes are suc-
cessful at depicting a single emotion whether anger or disgust. Together these findings sug-
gest that researchers should exercise caution when choosing specific facial prototypes of
emotions and the facial generation software for their research and understand the impact of
these choices within and across cultures.
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