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Abstract
Although the human face provides multiple sources of social information concurrently (race, sex,
age, etc.), the majority of studies investigating how social category cues influence emotional
expression perception have investigated the influence of only one social category at a time. Only a
couple of studies have investigated how race and sex cues concurrently influence emotion
perception and these studies have produced mixed results. In addition, the concurrent influence of
age and sex cues on emotion perception has not been investigated. To address this, participants
categorized happy and angry expressions on faces varying in race (Black and White) and sex
(Experiments 1a and 1b) or age (older adult and young adult) and sex (Experiment 2). In
Experiments 1a and 1b, results indicated that sex but not race influenced emotion categorization.
Participants were, on average, faster to categorize happiness than anger on female, but not on male
faces. In Experiment 2, both the age and the sex of the face independently influenced emotion
categorization. Participants were faster to categorize happiness than anger on female and young
adult faces, but not on male or older adult faces. Bayesian ANOVAs provided additional evidence
that the sex of the face had the strongest influence on emotion categorization speeds in Experiment
1a and 1b, but both age and sex cues had an equal influence on emotion categorization in
Experiment 2.

Keywords: Emotion recognition, social categorization, race, sex, age
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A person’s sex, race, age, and emotional expressions can be quickly and accurately
recognized from a face (e.g., Karnadewi & Lipp, 2011). Although early research focused on
understanding how each facial attribute is processed in isolation (see Bruce & Young, 1986),
subsequent studies demonstrated that other task irrelevant facial cues influence how quickly and
accurately a task relevant attribute is recognized (e.g., Craig, Mallan, & Lipp, 2012; Hugenberg,
2005; Hugenberg & Sczesny, 2006; Johnson, Freeman, & Pauker, 2012; Kloth, Damm,
Schweinberger, & Wiese, 2015). For example, facial cues of race, sex, and age can influence the
recognition of emotional expressions (Becker, Kenrick, Neuberg, Blackwell, & Smith, 2007; Craig
& Lipp, 2017a; Hugenberg, 2005; Hugenberg & Sczesny, 2006).
One method used to probe the influence of social category information on emotion
perception is speeded emotion categorization, and in particular looking at modulation of the happy
categorization advantage – the faster categorization of happy than negative expressions like anger
and sadness (Leppänen & Hietanen, 2003). Previous studies have demonstrated that when male
and female faces are presented within a task, participants are faster to categorize happiness than
anger when expressed on (Caucasian) female, but not male faces (Becker et al., 2007; Craig &
Lipp, 2017b; Hugenberg & Sczesny, 2006). Similarly, White participants are faster to categorize
happiness than anger on White (male) faces, but not on Black (male) faces (Craig, Koch, & Lipp,
2017; Craig et al., 2012; Hugenberg, 2005). Participants are also faster to categorize happiness
than anger on young adult (male) faces, but not on older adult (male) faces (Craig & Lipp, 2017a).
The finding that social category information influences emotion perception, suggests that
social category information is quickly processed before the emotion categorization response is
made and a number of mechanisms have been proposed to explain why these social category cues
influence emotion categorization. One possibility is that stereotypes (information based
associations) held about different social groups are quickly activated and influence emotion
categorization (Bijlstra, Holland, & Wigboldus, 2010). For example, implicit stereotypes of males
or African Americans as threatening may facilitate recognition of anger on these faces.
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Alternatively, it has been suggested that some facial features that indicate social categories (e.g.,
face shape, wrinkled skin etc.) overlap with features of particular emotional expressions. For
example, the wrinkled skin and down turn of the mouth corners that occur with old age may
facilitate recognition of sadness on older adult faces (Fölster, Hess, & Werheid, 2014; Malatesta &
Izard, 1984) or the full brow and angular jaw line associated with masculinity could facilitate
categorization of anger (e.g., Becker et al., 2007). Finally, it has been suggested that implicit
evaluations (affective associations) of social categories influence emotion categorization. Females
are evaluated as more pleasant than males (e.g., Eagly, Mladinic, & Otto, 1991), White faces as
more pleasant than Black faces (e.g., Nosek, Greenwald, & Banaji, 2005), and young faces as
more pleasant than older adult faces (e.g., Greenwald et al., 2002). The activation of these positive
evaluations results in faster categorization of positive expressions like happiness on relatively
positively evaluated faces (female, own-race, and young adult faces; Craig et al., 2017; Craig &
Lipp; 2017a; Hugenberg, 2005; Hugenberg & Sczesny, 2006).
This evaluative congruence explanation has been favored over stereotype based or facial
structure based explanations to account for the influence of social categories on the happy
categorization advantage. This is because social category cues have been found to moderate the
happy categorization advantage similarly when both stereotype congruent and structurally
overlapping as well as stereotype incongruent and structurally dissimilar negative expressions are
used to investigate the happy categorization advantage. For example, in previous studies the happy
categorization advantage was larger for female than male faces and larger for White than for Black
faces when participants categorized happiness vs. anger (a negative expression stereotypically
associated with males and Black faces, and structurally overlapping with masculine facial
structure) as well as sadness (a negative expression that is more stereotypically associated with
females and structurally overlaps with the feminine facial structure; Craig et al., 2017; Hugenberg,
2005; Hugenberg & Sczesny, 2006). Similarly, the happy categorization advantage was larger for
young adult than older adult faces when participants categorized happiness vs. both anger
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(stereotypically associated with young adults) and sadness (stereotypically associated with older
adults and structurally overlapping with old age cues; Craig & Lipp, 2017a). It is likely that
stereotypes about social groups and the structural overlap between cues indicating social
categories and emotional expressions play an important role in the recognition of emotional
expressions under some circumstances and within some tasks (e.g., see Becker et al., 2007; Bijlstra
et al., 2010; Hess, Adams, Grammer, & Kleck, 2009; Sacco & Hugenberg, 2009); however, these
explanations are less likely to account for the influence of social category information on the
happy categorization advantage.
As described above, the majority of studies have focused on the influence of one social
category on emotion perception at a time. Few studies have investigated how multiple social
categories concurrently influence emotion categorization; however, there is a body of research
describing whether and how social stimuli varying along multiple social dimensions (crossed
categories) are categorized and evaluated. Many studies investigating these processes have used
the ‘who-said-what’ procedure. In these experiments participants are presented with faces or
vignettes varying across two social categories. For example, Black and White male and female
faces may be presented paired with utterances attributed to each person. At a subsequent test
phase, participants must indicate ‘who said what’ by matching the faces to the utterances they
were paired with. Categorization processes are assessed by looking at how many within- and
between-category misattributions are made. Within-sex-within-race, within-sex-between-race,
between-sex-within-race, and between-sex-between-race misattributions are compared to
determine the extent to which participants categorized the faces by their race, or sex or both (e.g.,
see Stangor, Lynch, Duan, & Glass, 1992 for use of this approach). This work has provided
evidence for a number of ways that multiple social categories are combined and evaluated (see
Urban & Miller, 1998 for a meta-analytic review). Considering these different possible
combinations is important as automatic social categorization and evaluation processes underlie the
influence of social category cues on emotion perception.
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Findings from the crossed-categorization literature suggest a number of possible ways that
multiple categories may concurrently influence emotion perception. It is possible that the influence
of each relevant category is summed (additive model). As females are evaluated as more pleasant
than males (Eagly et al., 1991) and White faces are implicitly evaluated as more pleasant than
Black faces (Nosek et al., 2005), if the influence of these two facial cues on emotion perception is
additive, White females would be evaluated as most positive, followed by Black females and
White males together, followed by Black males. This would result in the largest happy
categorization advantage for White females, a reduced advantage for Black female and White
males and a further reduced advantage for Black males. This could be conceptualized as a Target
race × Emotion and a Target sex × Emotion interaction in the absence of a three-way Target race ×
Target sex × Emotion interaction best explaining the data. Alternatively, one category may be
dominant and have an influence on emotion categorization with a reduced or absent influence of
the other social category (category dominance model). Within this model, we may observe a happy
categorization advantage for both White and Black females but a reduced or absent advantage for
both White and Black males indicating a stronger influence of sex than race on emotion
categorization. Statistically, this could be conceptualized as a single two-way interaction (e.g.,
Target sex × Emotion interaction) in the absence of any other interactions (e.g., Target race ×
Emotion or Target race × Target sex × Emotion interactions) as the model that best fits the
observed data. Finally, it is possible that two categories could interact and intersectional identities,
distinctly different from the sum of their categories, could influence emotion perception
(interactive model). For example, the largest happy categorization advantage could be observed for
Black females as the evaluation of the intersectional identity (Black female) is different to the sum
of the two category evaluations. Statistically this could be conceptualized as a Target race × Target
sex × Emotion interaction best explaining the observed data.
Only a few studies have looked at the combined influence of two social categories on
emotion perception and their results led to different conclusions about how multiple social
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categories influence emotion perception. Looking at the combined influence of age and race cues,
Kang and Chasteen (2009) presented videos of computer generated young and old, Black and
White, male faces with facial expressions morphing between happy, angry, and neutral. Non-Black
participants were faster to detect the onset and slower to detect the offset of anger presented on
young Black than on young White faces; however, this pattern reversed when the faces were old.
These findings suggest that the influence of multiple categories on emotion perception is
interactive. In this case it was suggested that, age and race cues combined to create unique
intersectional identities which influenced emotion onset/offset detection.
In another study (Lipp, Craig, & Dat, 2015), participants categorized happy and angry
expressions on photographic images of White male faces along with White female faces in one
task, Black male faces in a second task and Black female faces in a third task. Looking across
tasks, participants were faster to categorize happiness than anger on Black female faces but this
happy categorization advantage was numerically smaller (25ms) than that for White females
(46ms). This attenuated happy categorization advantage may have occurred as the positive female
evaluation and the negative black evaluation combined to an intermediate evaluation and thus a
smaller happy advantage. This may be evidence that the influence of race and sex on emotion
perception is additive; however, race and sex were not fully crossed within a single task in this
investigation.
Further, Smith, La France, and Dovidio (2017) asked participants to categorize happy and
neutral expressions or angry and neutral expressions presented on White and Black, male and
female faces. Participants who completed the angry vs. neutral categorization task were faster to
categorize neutral than angry expressions presented on White female faces, no faster to categorize
either neutral or angry expressions presented on Black female or White male faces and faster to
categorize angry than neutral expressions on Black male faces providing some evidence for an
additive influence of race and sex cues on emotion categorization. In the happy vs. neutral task,
however, happy expressions were categorized faster than neutral expressions when presented on
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Black female faces, Black male faces, and White female faces, but not on White male faces and
the happy categorization advantage for Black females was the largest of all. The results of the
happy vs. neutral categorization task suggested an interactive pattern of results where the
intersectional identity (Black female) rather than the sum of the two categories (Black and female)
influenced emotion categorization.
Although there were some similarities across studies (e.g., all studies used expressions of
happiness and anger), these studies differed in a number of ways which may have contributed to
the discrepant patterns of results observed across studies. The combinations of categories under
investigation differed across studies with race and age investigated by Kang and Chasteen (2009)
and race and sex investigated by Smith et al. (2017). Different types of stimuli were also used.
Kang and Chasteen used computer generated stimuli and Lipp et al. (2015) and Smith et al. used
photographs drawn from a range of face databases (with some overlap in the databases used across
the studies). A different number of targets were used to represent each category. For example,
Kang and Chasteen used two base faces of each category, Lipp and colleagues used eight faces of
each category with the same individuals encountered expressing happiness and anger, and Smith et
al. used eight faces of each category, but each individual only appeared expressing one emotion.
Different tasks were also used, with Kang and Chasteen asking participants to detect the
onset/offset of emotions in videos and Lipp and colleagues and Smith and colleagues asking
participants to categorize emotional expressions as quickly as possible. Happy expressions were
presented with angry expressions in the study by Lipp and colleagues and happy and neutral or
angry and neutral expressions were presented together in the study by Smith and colleagues.

MULTIPLE SOCIAL CATEGORIES ON EMOTION

9

The Current Study
The findings of Kang and Chasteen, (2009), Lipp et al. (2015), and Smith et al. (2017),
provide a mixed impression of the way multiple social categories combine to influence the
processing of emotional expressions. Additionally, the combined influence of age and sex cues on
emotion categorization has not yet been investigated. As such, the current study had two main
aims. Firstly, we aimed to reexamine the concurrent influence of race and sex cues on emotion
recognition using speeded emotion categorization tasks. Like all previous studies (Kang &
Chasteen, 2009; Lipp et al., 2015; Smith et al., 2017), we investigated the influence of multiple
social categories on happiness and anger perception. We decided to use only happy and angry
faces in a single task rather than comparing these expressions with neutral faces as the mechanism
underlying the influence of social categories on the happy categorization advantage is well
established (Hugenberg, 2005; Hugenberg & Sczesny, 2006; Craig et al., 2017). Secondly, we
aimed to determine how age and sex cues combine to influence emotion processing. To address
these aims, participants categorized happy and angry expressions on faces varying in race (Black
and White) and sex (Experiments 1a and 1b) or age (young and older adult) and sex (Experiment
2) as quickly and accurately as possible. Data were analyzed using traditional frequentist statistics
as well as Bayesian statistics in order to determine the statistical model that best fit the observed
data in each experiment.
Consistent with the most similar previous study (Lipp et al., 2015), we predicted that race
and sex cues would have an additive influence on emotion perception. This would manifest in
significant Target race × Emotion and Target sex × Emotion interactions in the absence of a higher
order Target race × Target sex × Emotion interaction and the Bayesian analysis would indicate this
to be the strongest model that best fit the observed data. In Experiment 2, an additive influence of
age and sex cues on emotion categorization was also predicted. This prediction was made as a
number of similarities have been observed in the processing of race and age cues. For example,
race and age cues have a similar influence on emotion categorization when investigated separately
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(Craig & Lipp, 2017a; Hugenberg, 2005), own race and own age faces are evaluated as more
pleasant than other race and other age faces (Craig, Lipp, & Mallan, 2014; Greenwald et al., 2002;
Nosek et al., 2005), and both other race and other age faces are categorized faster by their race or
age and recognized less accurately than own race and own age faces (Johnston, Kanazawa, Kato,
Oda, 1997; Levin, 2000; Meissner & Brigham, 2001; Rhodes & Anastasi, 2012).
Experiments 1a, 1b, and 2
Methods
The study was conducted in line with the American Psychological Association’s Ethical
Principles in the Conduct of Research with Human Participants and the procedures were approved
by the Curtin University Human Research Ethics Committee. In the methods section we report all
measures, manipulations, and exclusions. No further data were collected after analyses had taken
place for each experiment.
Participants. Initially target sample size was based on previous studies that successfully
found significant Race × Emotion, Sex × Emotion, or Age × Emotion interactions (e.g., Craig &
Lipp, 2017a; Lipp et al., 2015; Hugenberg, 2005) or a Race × Sex × Emotion interaction (Smith et
al., 2017). We aimed for a sample that was of similar or larger size than used previously for
Experiments 1a and 2. We also conducted a power analysis using a simulation method based on
the means, variances, and inter-correlations observed in Experiment 1a. It was estimated that for
the Sex × Emotion interaction, around 13 participants would be required, for the Race × Emotion
interaction around 65 participants would be required, and for the Sex × Race × Emotion interaction
around 650 participants would be required to have an 80% chance of detecting a significant effect.
In Experiments 1a and 2, we stopped recruiting once at least 36 participants had signed up to
complete the study and stopped testing once all participants who had already signed up had taken
part. For Experiment 1b we aimed to sample around twice this number in order to have sufficient
male and female participants to investigate the influence of participant sex and because the power
analysis indicated this sample size would provide a good chance of detecting significant Target
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race × Emotion and Target sex × Emotion interactions. For Experiment 1b we requested 80
participants on the Amazon Mechanical Turk platform assuming some data loss.
The final samples were 35 (5 Males, M = 22.69, SD = 6.98; Experiment 1a) and 37
undergraduate volunteers (11 Males, M = 20.24, SD = 2.51; Experiment 2) who received partial
course credit for participation and 66 MTurk workers (32 Males, M = 35.66, SD = 9.74;
Experiment 1b) who received monetary compensation in return for their participation. An
additional two participants in Experiment 1a, 14 participants in Experiment 1b, and three
participants in Experiment 2 took part, but were not included in analyses as they identified as a
member of the racial or age outgroup (African/African American for Experiments 1a and 1b or
aged over 31 for Experiment 2). These exclusions did not alter the significance or direction of the
results of Experiment 1a or Experiment 2, but including the 14 African American participants in
Experiment 1b led the significant Target race × Emotion interaction observed in the repeated
measures ANOVA to become marginal.
Stimuli.
Experiment 1a and 1b. Photographs of eight individuals represented each category (White
male, White female, Black male and Black female). These images were the same as those used in
the previous investigation by Lipp and colleagues (2015). The photographs of happy and angry
expressions for each individual were sourced from the Nimstim Face Stimulus Set (Tottenham et
al., 2009; Poses AN_O and HA_O of models 1, 2, 3, 5, 6, 11, 12, 13, 14, 20, 21, 23, 24, 28, 38, 39,
40, 41, and 43) and the Montreal Set of Facial Displays of Emotion (Beaupré & Hess, 2005; Poses
1 and 2 of models 20, 22, 23, 25, 27, 28, 30, 32, 33, 35, 36, 37, and 38). To maintain consistency
across sets, image backgrounds, necks, and hair were removed. The images were converted to
grayscale where necessary, resized, and placed on a dark gray background 187 × 240 pixels in
size.
Experiment 2. Again, photographs of eight individuals represented each category (young
adult male, young adult female, older adult male, and older adult female). All faces were
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Caucasian and images of each individual expressing happiness and anger were selected. Faces
were drawn from the FACES database (Ebner, Riediger, & Lindenberger, 2010; posers 008, 013,
016, 031, 037, 057, 049, 072, 010, 020, 054, 069, 098, 115, 177, 182, 004, 015, 033, 042, 053,
059, 065, 076, 005, 024, 060, 075, 088, 096, 110, 130). They were edited in a similar manner to
the stimuli used in Experiment 1; however, the hair was not removed and the stimuli were slightly
larger than in Experiment 1 (304 × 390 pixels in size).
Procedures.
Laboratory studies (Experiment 1a and Experiment 2). Participants were tested in a
computer laboratory in groups of no more than four. Participants were seated in front of 24in LED
monitors with a screen resolution of 1920 × 1080 pixels and a refresh rate of 120 Hz. The
experiment was executed using DMDX (Forster & Forster, 2003). Participants were instructed that
they would see faces presented one at a time and were asked to indicate whether each face was
‘happy’ or ‘angry’ by pressing the right or left shift key as quickly and accurately as possible.
Response mapping was counterbalanced across participants. Instructions were given both verbally
and in writing before the commencement of the task. All participants completed only one task. In
this task, faces varying in both race (Black and White) and sex (male and female) in Experiment
1a or age (older adult and young adult) and sex (male and female) in Experiment 2 were presented.
On each trial, a black fixation cross was presented on a light gray background. After 500ms, the
fixation cross was replaced by one of the face stimuli. The face remained on the screen until a
response was made or for 2000ms. Each of the 32 individuals (eight from each category) was
presented four times in a randomized order, twice with a happy expression and twice with an angry
expression, resulting in 128 trials.
Online study (Experiment 1b). Participants were recruited online via the Amazon
Mechanical Turk platform. The experiment was executed using Inquisit web 4 (Inquisit, 2015). As
participants completed the task remotely on their own devices meaning that we could not control
the monitor size or refresh rate and no experimenter was present to provide direction, images were
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sized to be 20% of the height of the screen, and the fixation cross was presented for 1000ms, the
images remained on the screen for up to 3000ms or until a response was made, and response
mapping instructions were presented at the bottom of the screen for the duration of the task.
Participants also completed a short 10 trial practice with error feedback before commencing the
main task. Apart from these differences, the experiment proceeded as described above.
Data preparation and analysis. As we used eight individuals per stimulus category, it
was possible that our results may not generalize beyond the stimuli used in the current experiment.
To address this, following the recommendation of Judd, Westfall, and Kenny (2012), we
conducted linear mixed-effects analyses including stimuli and participants as random effects to
account for these unwanted sources of variability. In line with recommendations, we analyzed the
data with linear mixed-effects models using the lme4 package (Bates, Maechler, Bolker, &
Walker, 2015) in R (R Core Team, 2017) with p-values provided by the lmerTest package
(Kuznetsova, Brockhoff, Christensen, 2016). Contrast coding was used to code the fixed factors,
Target sex (.5 = female, -.5 = male), Target race/age (.5 = White, young, -.5 = Black, old), and
Emotion (.5 = angry, -.5 = happy). All correct response times greater than 100ms were included in
the analysis. Initially, we specified participants and stimuli as random factors with random
intercepts and random slopes for all main effects and interactions for participants, and random
intercepts and random slopes for emotion effects for the stimuli. Where the full model failed to
converge using a number of different optimizers, we simplified the models and estimated random
slopes for theoretically relevant effects. For example, in Experiments 1a and 2, random intercepts
and random slopes for the emotion main effect, and the Target race/age × Emotion, Target sex ×
Emotion, and Target race/age × Target sex × Emotion interactions were entered for participants
and random intercepts and random slopes were entered for emotion effects for the stimuli.
In addition, JZS Bayes Factor ANOVAs with default priors were performed using the
software package JASP (JASP Team, 2016; Morey & Rouder, 2015; Rouder, Morey, Speckman,
& Province, 2012). Rather than providing information about whether each difference between
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means (main effect or interaction) is significant or not based on whether it is unlikely due to
chance, this type of analysis compares how well different statistical models including each of the
main effects, the two- and three-way interactions, and combinations of these, fit the observed data
by providing a Bayes Factor (BF) for each model. The BF indicates how much more likely each
model is compared to the null and the model with the largest BF is the one that best fits the
observed data. In addition, BFs are transitive meaning that the BF for one model can be divided by
the BF for another to provide evidence about how much more likely one model is than another
given the observed data (Rouder, Engelhardt, McCabe, & Morey, 2016). The resulting BFs can be
interpreted using conventions to indicate whether there is evidence for a given model (Kass &
Raftery, 1995). A BF10 between 1 and 3 suggests only anecdotal evidence for a model, between 3
and 20 suggests positive evidence for a model, between 20 and 150 provides strong evidence for a
model, and greater than 150 suggests very strong evidence for a model. Using this model fitting
approach provides a better means of inferring whether the observed data best fit a category
dominance, additive, or interactive pattern as Bayesian analyses not only provide evidence for or
against a model but also allow us to identify the best model for the observed data.
We also conducted traditional repeated measures ANOVAs which are presented in
footnotes. For this analysis, response times faster than 100ms or faster or slower than three
standard deviations away from each participant’s mean response time were removed as invalid. In
Experiments 1a and 1b, mean response times were submitted to a 2 (Target race: Black, White) ×
2 (Target sex: male, female) × 2 (Emotion: happy, angry) repeated measures ANOVA. In
Experiment 2, response times were submitted to a 2 (Target age: young adult, older adult) × 2
(Target sex: male, female) × 2 (Emotion: happy, angry) repeated measures ANOVA in IBM SPSS
Statistics.
Data from one participant in Experiment 1a and one participant in Experiment 1b were not
included in the analyses as their error rate was over 5 standard deviations higher than the average
number of errors made in each task (>48% of responses incorrect or invalid). Initial analyses were
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also conducted including participant sex as a factor. The results from the larger and gender
balanced replication (Experiment 1b) suggested that participant sex did not moderate the influence
of social category cues on emotion categorization. As such, participant sex effects that were
observed are reported as footnotes for transparency and completeness, but should be interpreted
with extreme caution given the small number of male participants in Experiments 1a and 2, and
given the absence of a moderating influence of sex in a larger and more gender balanced sample.
The pattern of results observed in accuracy data was comparable to response times and there was
no evidence for a speed-accuracy trade off. These analyses are reported in Supplement 1.
Results
Experiment 1a.
Linear mixed-effects analysis. As can be seen in Figure 1, the sex of the face influenced
emotion categorization, and there was also a trend towards an influence of the race of the face on
emotion categorization. The results of the linear mixed-effects analysis indicated a significant
main effect of emotion, b = 31.26, t(33.26) = 2.97, p = .006, that was moderated by a significant
Target sex × Emotion interaction, b = 58.04, t(27.49) = 3.34, p = .002. This interaction emerged as
participants were significantly faster to categorize happiness than anger on female faces, b = 60.72,
t(29.03) = 5.37, p < .001, but not on male faces, b = 2.61, t(26.03) = 0.16, p = .878. The Target
race × Emotion interaction was marginally significant, b = 28.08, t(28.29) = 1.82, p = .079.
Participants were faster to categorize happiness than anger on White faces, b = 45.57, t(20.14) =
3.14, p = .005, but not on Black faces, b = 17.42, t(18.44) = 1.25, p = .228. The three way
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interaction was not significant, b = -15.87, t(26.29) = -0.51, p = .614, and neither were any other
main effects or interactions, bs < 10.53, ts < 1.29, ps < .2071,2.
Bayesian repeated measures ANOVA. According to a Bayes Factor ANOVA, the model
with the largest Bayes factor indicating best fit with the data was the model including the main
effects of target sex and emotion and only the Target sex × Emotion interaction, BF10 =
249348.70. This model is consistent with a category dominance pattern. There was still very strong
evidence for the strongest model including the Target sex × Emotion and Target race × Emotion
interactions, BF10 = 47079.51; however, comparing these two models, the simpler model including
only the Target sex × Emotion interaction was 5.57 times more probable than the additive model
including both the Target race × Emotion and Target sex × Emotion interactions indicating
positive evidence for the category dominance model over the additive model. There was also very
strong evidence for the model including the three-way Target race × Target sex × Emotion

1

The results of the repeated measures ANOVA indicated that race and sex cues separately influenced emotion
categorization. Main effects of sex, F(1, 33) = 4.18, p = .049, p2 = .11, and emotion, F(1, 33) = 10.31, p = .003, p2 =
.24, were moderated by two significant two-way interactions. A significant Target race × Emotion interaction
emerged, F(1, 33) = 5.50, p = .025, p2 = .14. Participants were faster to categorize happiness than anger on White
faces, t(33) = 3.71, p = .001, dz = 0.64, but no faster to categorize happiness or anger on Black faces, t(33) = 1.85, p =
.074, dz = 0.32. Further, a significant Target sex × Emotion interaction emerged, F(1, 33) = 16.54, p < .001, p2 = .33,
as participants were faster to categorize happiness than anger on female faces, t(33) = 5.29, p < .001, dz = 0.91, but not
on male faces, t(33) = 0.12, p = .906, dz = 0.02. These effects were not further moderated by a Target race × Target sex
× Emotion interaction, F(1, 33) = 0.48, p = .495, p2 = .01, and no other effects were significant, Fs < 1.78, p > .191,
p2s < .05.
2
Participant sex significantly moderated the Target Sex × Emotion interaction, F(1, 32) = 4.54, p = .041, p2 = .12.
Male participants were not significantly faster to categorize happiness or anger on faces of either sex; ts < 0.96, ps >
.346, dz = 0.43, although there was a numerical trend towards faster categorization of happiness than anger for male
faces (happy – M = 611.79, SD =260.43; angry – M = 637.46, SD = 290.05) and female faces (happy –M = 624.26, SD
= 232.72; angry – M = 640.45, SD = 261.09). Female participants were significantly faster to categorize happiness (M
= 580.73, SD = 96.63) than anger (M = 635.75, SD = 108.41) on female faces, t(32) = 5.55, p < .001, dz = 1.03, but no
faster to categorize happiness (M = 624.79, SD =108.14) or anger (M = 621.78, SD = 120.44) displayed on male faces,
t(32) = 0.27, p = .790, dz = 0.05. Participant sex also significantly moderated the Target race × Emotion interaction,
F(1, 32) = 10.07, p = .003, p2 = .24. Male participants were significantly faster to categorize happiness (M = 588.72,
SD = 226.26) than anger (M = 648.02, SD = 277.96) expressed on White faces, t(32) = 2.41, p = .022, dz = 1.08, but
not when expressed on Black faces (happy – M = 647.23, SD = 258.86, angry – M = 629.89, SD = 271.07), t(32) =
0.82, p = .419, dz = 0.37. On the other hand, female participants were significantly faster to categorize happiness than
anger on both White (happy – M = 598.00, SD = 93.95, angry – M = 628.96, SD = 115.42), t(32) = 3.02, p = .005, dz =
0.56, and Black faces (happy – M = 607.51, SD = 107.49, angry – M = 628.57, SD = 112.55), t(32) = 2.39, p = .023, dz
= 0.44.
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interaction, BF10 = 2797.283, but the category dominance model was around 107 times more likely
to account for the data than the interactive model.
Experiment 1b.
Linear mixed-effects analysis. The results of Experiment 1b are depicted in Figure 2. As in
Experiment 1a, the linear mixed-effects analysis including random effects of stimuli and
participants produced a significant Target sex × Emotion interaction, b = 33.30, t(30.90) = 2.98, p
= .006. This interaction emerged as participants were significantly faster to categorize happiness
than anger on female faces, b = 46.64, t(30.98) = 4.52, p < .001, but not on male faces, b = 12.99,
t(22.02) = 1.56, p = .133. The main effects of race, b = -16.49, t(32.52) = -2.35, p = .025, and
emotion were also significant, b = 29.94, t(54.45) = 3.79, p < .001. The Target race × Emotion
interaction was not significant, b = -16.15, t(28.95) = -1.45, p = .159 and all other effects including
the three-way Target race × Target sex × Emotion interaction did not reach significance, bs <
10.98, ts < 0.78, ps > .4413,4.
Bayesian repeated measures ANOVA. Similar to Experiment 1a, the model with the
largest BF indicating best fit with the data was the model including main effects of race, sex, and
emotion and the Target sex × Emotion interaction BF10 = 9.33 × 109. There was also very strong
evidence for the additive model including both the Target race × Emotion and Target sex ×
Emotion interactions, BF10 = 8.32 × 109. Comparing these two models there was only anecdotal
evidence that the category dominance model was a better fit for the data than the additive model,
3

When looking at the data using a repeated measures ANOVA, the results of Experiment 1b were similar to those of
Experiment 1a. Main effects of race, F(1, 64) = 19.90, p < .001, p2 = .24, and emotion, F(1, 64) = 19.11, p < .001, p2
= .23, were moderated by significant Target race × Emotion, F(1, 64) = 4.24, p = .044, p2 = .06, and Target sex ×
Emotion interactions, F(1, 64) = 14.67, p < .001, p2 = .19. Following up these significant two-way interactions
indicated that participants were overall faster to categorize happiness than anger on both Black and White faces, ts >
2.41, ps < .020, dzs > 0.40, but this happy advantage was significantly larger for White faces, t(64) = 2.06, p = .044, dz
= 0.26. They were also faster to categorize happiness than anger expressed on female faces, t(64) = 5.64, p < .001, dz =
0.70, but the happy advantage for male faces was only marginal, t(64) = 1.79, p = .079, dz = 0.22. No other effects
(including the three-way Target race × Target sex × Emotion interaction) were significant, Fs < 0.61, p > .438, p2s <
.01.
4
With a larger and more gender balanced sample size, there was evidence of a significant Target sex × Participant sex
interaction, F(1, 63) = 7.93, p = .006, p2 = .11. Female participants were significantly faster to categorize expressions
on female (M = 596.78, SD = 112.50) than on male faces (M = 605.36, SD = 114.81), t(63) = 2.09, p = .041, dz = .36,
but males tended to be faster to categorize expressions on male (M = 592.37, SD = 114.81) than on female faces (M =
600.30, SD = 112.50), t(63) = 1.90, p = .062, dz = 0.34. Apart from this, participant sex did not significantly moderate
any other main effects or interactions, Fs < 1.74, ps > .192, p2 < .03.
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BF10 = 1.12. There was also very strong evidence for the interactive model including the three-way
Target race × Target sex × Emotion interaction, BF10 = 2.98 × 108, but again, the strongest model
including the Target sex × Emotion interaction was 3.13 times more likely than the interactive
model, providing positive evidence for the category dominance over the interactive model.
Experiment 2.
Linear mixed-effects analysis. As can be seen in Figure 3, both the sex and the age of the
faces influenced emotion categorization. There were significant main effects of age, b = -22.23,
t(27.61) = -3.35, p = .002, and sex, b = -16.16, t(27.61) = -2.43, p = .022, which were further
moderated by significant Target sex × Emotion, b = 38.66, t(29.46) = 2.74, p = .010, and Target
age × Emotion interactions, b = 38.56, t(34.33) = 2.47, p = .019. These interactions emerged as
participants were faster to categorize happiness than anger on female faces, b = 24.72, t(20.06) =
2.35, p = .029, but not on male faces, b = -13.65, t(16.62) = -1.13, p = .277. They were also faster
to categorize happiness on young adult faces, b = 24.60, t(19.19) = 2.10, p = .049, but not on older
adult faces, b = -13.84, t(21.30) = -1.15, p = .265. The Target age × Target sex interaction was
marginally significant, b = 25.55, t(27.61) = 1.92, p = .065, but participants were no faster to
categorize expressions on female or male faces when the faces were old, b = -17.55, t(14.49) = 1.72, p = .106, or young, b = -1.51, t(15.01) = -0.21, p = .835. The three-way Target Age × Target
sex × Emotion interaction did not reach significance, b = 3.57, t(29.59) = 0.13, p = .900, and the
emotion main effect was not significant, b = 5.34, t(35.66) = 0.67, p = .509 5,6.

Repeated measures ANOVAs revealed significant main effects of target sex, F(1, 36) = 9.65, p = .004, p2 = .21, and
target age, F(1, 36) = 31.68, p < .001, p2 = .47, that were moderated by three two-way interactions. Firstly, there was
a significant Target age × Emotion interaction, F(1, 36) = 14.21, p = .001, p2 = .28. Follow-up analyses indicated that
participants were faster to categorize happiness than anger on young adult faces, t(36) = 3.64, p = .001, dz = 0.60, but
tended to be faster to categorize anger than happiness on older adult faces, t(36) = 1.97, p = .056, dz = 0.33. There was
also a significant Target sex × Emotion interaction, F(1, 36) = 21.94, p < .001, p2 = .38. Participants were faster to
categorize happiness than anger on female faces, t(36) = 3.66, p = .001, dz = 0.60, but faster to categorize expressions
of anger than happiness on male faces, t(36) = 2.42, p = .021, dz = 0.40. A significant Target sex × Target age
interaction also emerged, F(1, 36) = 6.30, p = .017, p2 = .15, as participants were faster to categorize expressions on
older adult female faces than on older adult male faces, t(36) = 3.42, p = .002, dz = 0.56, but no faster or slower to
categorize emotional expressions on young adult female and young adult male faces, t(36) = 0.41, p = .686, dz = 0.07.
No other effects (including the three-way Target sex × Target age × Emotion interaction) were significant, Fs < 0.73, p
> .396, p2 < .03.
5
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Bayesian repeated measures ANOVA. The results of the Bayes Factor ANOVA indicated
that the model including the three two-way interactions (Target age × Emotion, Target sex ×
Emotion, and Target age × Target sex) best fit the observed data, BF10 = 3.25 × 109. Comparing
this additive model to the interactive model including the three-way Target age × Target sex ×
Emotion interaction, BF10 = 1.02 × 109, indicated that this additive model was 3.25 times more
probable than the interactive model providing positive evidence for the additive over the
interactive model. Further, analyses indicated that this additive model was also 3544 times more
probable given the observed data, than the strongest model including only the Target age ×
Emotion interaction and 3618 times more probable given the observed data, than the strongest
model including only the Target sex × Emotion interaction providing very strong evidence for the
additive model over either sex or age category dominance models.
General Discussion
The aim of the current study was to determine how race and sex cues and age and sex cues
concurrently influence emotion perception using speeded emotion categorization tasks. The
repeated measures ANOVAs reported in the footnotes suggested an additive influence of race and
sex and of age and sex on emotion categorization as there were two significant two-way
interactions between social category cues and emotion (Target race/age × Emotion interaction and
Target sex × Emotion interaction) in the absence of any higher order interactions in all
experiments. However, linear mixed-effects analyses suggested that only the influences of sex and
age on emotion categorization were likely to be generalizable beyond the stimuli and participants
used in the current investigation. Additional Bayesian ANOVAs allowed us to compare the

6

There was a marginally significant influence of participant sex on the Target sex × Emotion interaction, F(1, 35) =
4.06, p = .052, p2 = .10. Female participants were significantly faster to categorize anger (M = 525.14, SD = 103.23)
than happiness (M = 540.04, SD = 92.71) on male faces, t(35) = 2.34, p = .025, dz = 0.46, but significantly faster to
categorize happiness (M = 506.17, SD = 85.68) than anger (M = 534.94, SD = 92.53) on female faces, t(35) = 4.24, p <
.001, dz = 0.83. Male participants were not significantly faster to categorize happiness or anger on male (happy – M
=552.49, SD = 142.54; angry – M = 544.66, SD =158.71) or female faces (happy – M = 537.40, SD = 131.73; angry –
M = 542.14, SD = 142.26), ts < 0.80, p = .429, dz = 0.24, though the response time pattern was in the same direction as
for female participants. Participant sex did not moderate the interaction of target age and emotion or any of the other
effects reported above, Fs < 0.98, p > .329, p2s < .03.
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likelihood of the different statistical models and determine the model that best fit the observed
data. The model that best fit the observed data differed between Experiments 1a and 1b, and
Experiment 2. In Experiment 2, an additive model including all three two-way interactions best fit
the data, but in Experiments 1a and 1b, the simpler model including only the Target sex × Emotion
interaction was the strongest model best fitting the observed data. This pattern suggests dominance
of the sex category over the race category but not the age category. This difference between the
experiments is also observable in the patterns of response times, despite seemingly comparable
statistical outcomes using traditional repeated measures ANOVAs. Although both Black females
and Older adult females represent one positively evaluated (female) and one negatively evaluated
category (Black or old), a happy advantage was present for Black female faces but not for old
female faces supporting dominance of the sex category over race in Experiments 1a and 1b but not
over age in Experiment 2.
Finding an additive influence of age and sex cues on emotion categorization is comparable
to the findings of Lipp et al., (2015), who reported a significant happy categorization advantage for
Black female faces that was smaller than the happy categorization advantage for White female
faces. This finding is also consistent with the additive influence of race and sex cues on the
categorization of angry and neutral faces reported by Smith and colleagues (2017). However,
finding a dominant influence of sex over race cues (Experiments 1a and 1b) and an additive
influence of age and sex on emotion categorization (Experiment 2) is inconsistent with the
interactive influence of race and sex cues observed in the happy vs. neutral categorization task in
the Smith et al. study, or the emotion onset/offset detection tasks in the Kang and Chasteen (2009)
study.
Implications for Theory
Although category dominance of sex over race but not age has not yet been reported in the
context of emotion perception, finding that sex has a stronger influence than race, but not age is
consistent with findings from the social categorization literature. Cosmides, Tooby, and Kurzban
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(2003) propose that sex and age, but not race, are ‘primary’ dimensions of person perception. They
argue that encountering others who visually differ by their race is so evolutionarily recent that it is
unlikely that there is a mechanism for specifically detecting race. On the other hand, people
varying in age and sex would have been encountered throughout our evolutionary history making
perception of these categories more ‘basic’. Cosmides and colleagues propose that race is
processed by a more general mechanism sensitive to cues of coalition or kinship meaning that
categorization by race (but not age or sex) is more flexible and sensitive to changes in context and
can be easily overridden in the presence of additional coalitional information.
Evidence for this theory comes from the observation that participants tend to make social
categorizations based on sex more so than on race but not age (Lieberman, Oum, & Kurzban,
2008; Kurzban, Tooby, & Cosmides, 2001; Pietraszewski, Cosmides, & Tooby, 2014; Stangor et
al., 1992). For example, in ‘who said what’ tasks described in the introduction, participants made
more within-sex-between-race misattributions than within-race-between-sex misattributions
suggesting more of a reliance on sex cues (Stangor et al., 1992). In another study, participants
made no more within-age-between-sex errors than within-sex-between-age errors suggesting equal
reliance on age and sex information (Lieberman et al., 2008). Further, providing additional
coalitional or kinship information about the faces encountered in the task had a strong influence on
the degree to which faces were categorized by race but had less of an influence on categorization
by sex (Kurzban et al. 2001; Pietraszewski et al., 2014). Considering the results of the current
study within this framework, the primacy of sex and age cues over race cues seems to have an
influence on the way that multiple social category cues combine to alter the speed of emotion
perception.
Although the findings of the current study are consistent with this theory of social
perception, there are other possible explanations for the results as there were a couple of
differences between the experiments. For example, investigating the influence of old age cues and
other race cues required the use of different face databases. There could have been differences

MULTIPLE SOCIAL CATEGORIES ON EMOTION

22

between the databases in lighting or the presence of task irrelevant low level visual cues that may
have influenced results. We attempted to mitigate this influence by editing the faces to make them
as similar as possible. The results also suggest that this explanation is unlikely as the same pattern
of results was observed for the White young adult faces drawn from the different databases across
the three experiments. The results of the random effects analyses also suggested that the Target sex
× Emotion interaction observed across tasks was robust and generalizable despite the faces coming
from different sources. It was also possible that the difference between Experiment 1 and
Experiment 2 was driven by something not specifically related to race or age that happens to
systematically vary between race and age. For example, young adults tend to rate older adults as
less attractive than young adults (Ebner, 2008), so differences in the attractiveness of the otherrace and other-age faces could have played a role in the different patterns of results across
experiments. Given that face age and attractiveness do co-vary for young adult observers,
controlling for attractiveness would require selecting particularly attractive older adults or
unattractive young adults limiting the generalizability of the findings, but future research may
investigate the role of attractiveness in the interaction of multiple social categories with emotion.
Considering these findings together with the results of previous studies suggests that
substantial variability exists in the way that multiple social category cues combine to influence
emotion categorization. Some studies have found that the influence of multiple cues was additive,
others have found an interactive influence and others have found evidence for category
dominance. Variability in the interaction of multiple facial cues is not unique to studies focusing
on the interaction of multiple social categories. Even the influence of a single category (like race)
on emotion perception can change depending on seemingly small methodological decisions. For
example, stimulus type (computer generated vs. photographic), presentation duration, and stimulus
set size have been found to influence how race and emotion cues interact (Craig et al., 2012).
Comparing the results of the repeated measures ANOVA and the linear mixed-effects analysis also
indicated that the influence of race on emotion categorization in the current study was at least
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partly due to the properties of the stimuli used. Finding that multiple social category cues combine
in different ways to influence emotion perception across tasks is also consistent with findings from
the crossed-categorization literature which have produced additive patterns, interactive patterns,
and various kinds of category dominance patterns depending on the nature of the task, which
categories were crossed, and the outcome variables measured (e.g., Lieberman et al., 2008;
Stangor et al., 1992; Urban & Miller, 1998).
At this point, one can only speculate as to why multiple social categories influence emotion
perception in different ways in different tasks. Only a few studies have investigated these
influences and the methods adopted in these studies varied along many dimensions. Examining the
similarities and differences between the current study and past investigations, two potentially
interesting sources of variability to consider are the emotional expressions presented within the
task/s and the type of task selected. These methodological differences have previously been
identified to promote a stronger influence of either social category based evaluations or stereotypes
on emotion perception. As such, these methodological differences may have had flow on effects
for how multiple social categories influenced emotion perception. For example, stereotypes exist
for intersectional identities (e.g., Black woman) that are different from the single categories (Black
and woman, Shields, 2008). When stereotypes more strongly drive the influence of social category
cues on emotion, this may potentially lead to an interactive pattern. Evaluations of multiple social
dimensions may be more easily summed resulting in additive or category dominance patterns
depending on the strength and direction of the evaluations. Consistent with this suggestion, the
influence of social category cues when categorizing happy vs. angry and neutral vs. angry faces
have been attributed to the influence of evaluations (Craig & Lipp, 2017b; Craig et al., 2017;
Hugenberg, 2005; Hugenberg & Sczesny, 2006) and an additive influence was found in previous
studies using these methods (Lipp et al., 2015; Smith et al., 2017). On the other hand, in tasks
where participants categorized happy vs. neutral expressions, or detected emotion onsets/offsets,
stereotypes rather than evaluations have been suggested as the strongest source of influence (Craig
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& Lipp, 2017b; Hugenberg & Bodenhausen, 2003) and an interactive pattern was observed when
tasks of this nature were used to investigate the influence of multiple social categories on emotion
perception (Kang & Chasteen, 2009; Smith et al., 2017). Further research will be required to
investigate the contexts in which these different mechanisms are most likely to influence emotion
perception to better understand why multiple social category cues combine in different ways in
different circumstances.
Implications for Experimental Design
The current findings suggest the importance of investigating the concurrent influence of
multiple category cues on emotion perception. Results demonstrate that the influence of two social
categories on emotion perception is not necessarily the same as the combination of these cues
when examined in isolation. Although there are now more studies investigating the combined
influence of multiple social categories in social perception (e.g., Kang & Chasteen, 2009;
Krumhuber & Manstead, 2011; Navarrete, Olsson, Ho, Mendes, Thomsen, & Sidanius, 2009;
Smith et al., 2017), the findings of the current study reinforce the need for more research like this.
The contrast between the conclusions that could be drawn based on the frequentist repeated
measures ANOVAs, the linear mixed-effects analyses, and the Bayesian ANOVAs was also
interesting. In Experiments 1a and 1b, both the Target race × Emotion and Target sex × Emotion
interactions were significant when analyzing the results using repeated measures ANOVAs, the
Target race × Emotion interaction was no longer significant when incorporating both stimuli and
participants as random effects, and Bayesian analyses suggested the model including only the
Target sex × Emotion interaction was the best fit for the observed data. As such, one statistical
method (repeated measures ANOVA) provided evidence for an additive pattern and the others
(Bayesian ANOVA and linear mixed-effects analyses) provided evidence for a category
dominance pattern. Finding these differences in the current study suggests that such a discrepancy
may also exist in other studies that reported only traditional repeated measures ANOVAs. This
study highlights the utility of Bayesian ANOVAs for future studies in social perception. Not only
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can they provide evidence either for or against the null hypothesis, but Bayesian analyses can be
used in investigations interested in comparing the likelihood of different models to account for a
pattern of results.
Conclusion
Together, the current results along with the previous literature demonstrate that multiple
facial cues concurrently influence emotion processing, though the nature of the influence can vary.
Using dual valenced emotion categorization tasks, the combined influence of two concurrently
varying social categories was additive with some evidence a stronger influence of sex than race,
but not age on emotion categorization. Future research will be required to better understand the
factors that lead to different patterns of influence as well as to extend our understanding of
whether these effects generalize to other racial and other age groups and beyond two categories.
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Open Practices
Raw data from Experiment 1b are available from https://osf.io/rsmxb/. Experiments 1a and
2 were conducted earlier and at the time we did not seek permission from participants to make
their data publicly available. Data for Experiment 1a and 2 are available on request from the first
author.
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Figures

Figure 1. Mean response times from Experiment 1a for categorizing happy and angry expressions
presented as a function of the race and sex of the face. Error bars represent one SEM.
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Figure 2. Mean response times from Experiment 1b for categorizing happy and angry expressions
presented as a function of the race and sex of the face. Error bars represent one SEM.
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Figure 3. Mean response times from Experiment 2 for categorizing happy and angry expressions
presented as a function of the age and sex of the face. Error bars represent one SEM.
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