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ABSTRACT

Recognising emotional expressions is important for successful social interactions.
Prior research has demonstrated that emotion recognition is influenced by
evaluative associations people have with different social categories. Here, we
systematically investigate whether reinforcement learning can modify social
category biases in emotion recognition. Previous research has shown that
reinforcement learning is a promising method for altering evaluative associations.
In Experiment 1 (N=40), we replicated that the Happy Face Advantage is
influenced by social category membership. People were faster at recognising
happiness as happiness than anger as anger for White - Dutch faces, while no
difference was found for Moroccan — Dutch faces. In Experiments 2-3 (Ntotal =
144), we used a reinforcement learning go/no-go task, in which people learned to
act to images of Moroccan — Dutch faces to obtain rewards and to not act to
images of White — Dutch faces to avoid punishments before participating in the
emotion recognition task. Results show that reinforcement learning influences
emotion recognition. Instead of the commonly observed interaction effect
between social category and expression valence (e.g. in Experiment 1 and previous
work), we consistently found a main effect of valence on emotion recognition.
These findings suggest that aligning (in)actions with rewards/punishments changes
emotion recognition.
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expressions; prejudice; social
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learning

In everyday life, it is important to recognise emotional
expressions of others. Through emotional
expressions, people can show how they feel about
specific situations, demonstrating their strong com-
municative function. For example, happiness indi-
cates to others that they can approach, while anger
may signal that others are better off keeping their dis-
tance (Adams et al., 2006; Marsh et al., 2005). The ease
with which emotional expressions are recognised is
important for successful social interactions (Erickson
& Schulkin, 2003). For example, people who are
better at recognising emotional expressions tend to

exhibit more prosocial behaviours (Marsh et al,
2007), manage conflicts at work more effectively
(Coté & Miners, 2006), and experience greater satisfac-
tion in romantic relationships (Yoo & Noyes, 2016).
Importantly, however, the ease with which emotional
expressions are recognised is biased, e.g. by infor-
mation on social categories available from faces (e.g.
Elfenbein & Ambady, 2002; Hugenberg & Bodenhau-
sen, 2003). Since emotion recognition is an important
building block of social interactions, the present
research explores whether biases in emotion recog-
nition can be changed.
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In general, people are faster at recognising positive
emotional expressions than negative emotional
expressions (Leppanen & Hietanen, 2004), a phenom-
enon called the Happy Face Advantage (HFA). Pre-
vious research, for example, shows that people are
faster at recognising happiness than anger (Hugdahl
et al, 1993), sadness (Crews & Harrison, 1994),
disgust (Stalans & Wedding, 1985), or neutral faces
(Hugdahl et al., 1993). Moreover, there is ample evi-
dence that the HFA is influenced by social information
available from a face, such as the social category to
which a face belongs. This occurs for a wide range
of social categories. That is, previous research finds a
larger HFA for faces of women than men (Becker et
al., 2007; Craig & Lipp, 2017; Hugenberg & Sczesny,
2006), White males than Black males (Craig et al.,
2017; Hugenberg, 2005; Lipp et al, 2015), White -
Dutch faces than Moroccan - Dutch faces (Bijlstra et
al., 2010), and young than old men (Bijlstra et al.,
2019b; Craig & Lipp, 2018). Taken together, previous
research has reliably shown an interaction between
social category - ranging from different ethnic
groups, ages, and genders - and valence of the
expression on emotion recognition (see S1 for an
overview).

While there is abundant evidence that social cat-
egory affects the HFA, an important question is
what mechanisms are at play. One prominent
account in the literature is the evaluative congruence
account (e.g. Bijlstra et al., 2010; Craig et al,, 2017;
Hugenberg, 2005; Hugenberg & Sczesny, 2006). This
account suggests that the recognition of emotional
expressions is facilitated or inhibited by evaluative
social category associations. Relatively more positive
associations facilitate the recognition of positive
emotional expressions, whereas relatively more nega-
tive associations inhibit the recognition of positive
emotional expressions. For example, finding an HFA
for White - Dutch faces but not for Moroccan -
Dutch faces suggests more positive associative evalu-
ations for White - Dutch than Moroccan - Dutch faces.
Moreover, Hugenberg and Bodenhausen (2003)
demonstrated that participants’ evaluative associ-
ations with Black and White faces relate to the ease
with which anger is perceived (for a similar finding
related to stereotype associations, see also Bijlstra et
al., 2014). In favour of this account, new evidence is
accumulating that the magnitude of the HFA not
only depends on the social information available
from a face, but also on whether the social category
of the face is an ingroup for participants (Martin

et al., 2024; Tipples, 2023b), suggesting that positive
evaluative associations related to ingroup faces
influence the HFA. Thus, evaluative associations
related to the social category of a face, relative to
the other social category present, seem to facilitate
or inhibit the recognition of positive emotional
expressions.

People continuously learn about others through
interactions with the world (e.g. Heyes, 1994; Olsson
& Phelps, 2007). Therefore, these evaluative associ-
ations may be malleable. For example, consistent
with this line of reasoning, previous research has
demonstrated that evaluative associations of social cat-
egories can be modified through mere approach or
avoidance behaviours (Kawakami et al., 2007). Litera-
ture on changing evaluative associations linked to
social categories and its consequence for emotion rec-
ognition is absent. However, recently, attention has
been devoted to the influence of behavioural infor-
mation about unfamiliar individuals on emotion recog-
nition (Lindeberg et al., 2019). Across two experiments,
neutral White faces alongside positive or negative
behavioural information about this specific individual
were introduced. Subsequently, to test participants’
memory, participants were asked to categorise
whether an individual did something bad or good
and received feedback for their decisions. Finally, par-
ticipants were asked to recognise happy and angry
emotional expressions of these same individuals. Find-
ings indicated that associating new and unfamiliar indi-
viduals with positive or negative behaviours resulted in
a larger HFA for individuals associated with positive
information than negative information. This provides
a first indication that new evaluative associations of
individuals can be learned, and that they can sub-
sequently alter the HFA. Whether it is possible to
influence evaluative associations of existing social cat-
egories using learning processes, and consequently
affect emotion recognition remains unclear.

In their experiments, Lindeberg et al. (2019) used
reinforcement learning to test participants’ memory
of which individual is “bad” or “good”. That is, partici-
pants were asked to categorise individuals by the
behavioural information and receive feedback
(correct or wrong) for their action decisions.
Reinforcement learning is a form of learning in
which an individual’'s responses lead to outcomes
depending on that response that are perceived as
rewarding or punishing. In many reinforcement learn-
ing studies, individuals learn through trial-and-error,
where the outcomes of their responses shape the



responses toward an optimised response schedule
(Sutton & Barto, 2018). Recent suggestions indicate
that reinforcement learning is a promising strategy
not only for shaping newly formed evaluative associ-
ations at the individual level but also for altering exist-
ing evaluative associations with social categories
(Amodio, 2019; Amodio & Cikara, 2021). Therefore,
we propose that the key to alter the HFA of existing
social categories may also be found in these reinforce-
ment learning processes.

There is surprisingly little research on how
reinforcement learning affects evaluative associations
related to social categories. Some recent work indi-
cates that reinforcement learning affects impression
formation for novel non-existing social categories
(Allidina & Cunningham, 2021; Hackel et al., 2022)
and existing social categories (Traast et al., 2024).
Interestingly, these effects can be maximised when
consequences align with (in)action decisions (Liu et
al., 2025; van Lent et al, 2025). For example, van
Lent et al. (2025) show that linking individual faces
with actions and rewards during learning led to the
most positive evaluative impressions, while linking
individual faces with inactions and punishment avoid-
ance during learning led to the least positive evalua-
tive impressions. Thus, on an individual level,
evaluative impressions are most strongly influenced
when rewards and punishments are aligned with
actions and inactions. Given that evaluative associ-
ations may underlie impressions, we believe that
aligning consequences with (in)actions during learn-
ing can shape evaluative associations of social
categories.

Here, we investigate whether reinforcement learn-
ing affects the recognition of positive and negative
emotional expressions. We use reinforcement learning
to influence the ease with which emotional expressions
are recognised of two social categories: White - Dutch
and Moroccan - Dutch faces. In light of existing nega-
tive evaluative associations related to Moroccan -
Dutch social category members (Verkuyten &
Zarembe, 2005), we aim to positively influence evalua-
tive associations linked to Moroccan - Dutch faces and
negatively influence evaluative associations linked to
White - Dutch faces. These become visible when
recognising emotional expressions: We explore
whether recognising positive emotional expressions
as positive for Moroccan - Dutch faces (compared to
recognising negative emotional expressions as nega-
tive) is facilitated and recognising positive emotional
expressions as positive for White - Dutch faces
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(compared to recognising negative emotional

expressions as negative) is hindered.

The present research

In the current research, we investigate in three exper-
iments how reinforcement learning shapes the HFA.
First, in Experiment 1, we attempt to replicate
whether social category membership moderates the
HFA employing a direct replication of Bijlstra et al.
(2010, Experiment 1). We chose Moroccan - Dutch
faces because, in the Netherlands, the Moroccan -
Dutch community is one of the most negatively preju-
diced social categories (Verkuyten & Zarembe, 2005).
We predict an HFA for White - Dutch faces and no
HFA for Moroccan - Dutch faces. Second, to modify
evaluative associations within the social categories,
we introduce a reinforcement learning task (Guitart-
Masip et al., 2012) in Experiments 2-3 before partici-
pants perform the emotion recognition task. Thus,
from Experiment 2 onwards, we investigate our main
research question of how reinforcement learning
shapes the HFA. In the reinforcement learning task,
we link Moroccan - Dutch faces to action and
reward, as this led to the most positive evaluative
impressions in previous research (van Lent et al,
2025). Conversely, we link White — Dutch faces to inac-
tion and punishment avoidance, as this led to the least
positive evaluative impressions. In doing so, we aim to
maximally modify evaluative associations in favour of
Moroccan - Dutch social category members. In Exper-
iments 2 and 3, we will replicate the procedure from
Experiment 1 and incorporate the reinforcement learn-
ing task before the emotion recognition task. Sub-
sequently, we will test whether the standard
interaction between social category and valence of
the expression vanishes or even reverses.'

Transparency and openness

We report all manipulations, measures, and exclusions
in these studies. All data, scripts, and analysis code are
available via: https://osf.io/38qdk/. Stimulus materials
are available upon request via www.rafd.nl. Data
were analyzed using R (v4.3.1; R Core Team, 2023)
and the packages afex (v1.3.0; Singmann et al., 2023),
tidyverse (v2.0.0; Wickham et al, 2019), emmeans
(v1.8.9; Lenth, 2023), Ime4 (v1.1.34; Bates et al., 2015),
parallel (v4.3.1; R Core Team, 2023), HLMdiag (v0.5.0;
Loy & Hofmann, 2014), car (v3.1.2; Fox & Weisberg,
2019), ImerTest (v3.1.3; Kuznetsova et al, 2017),
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DescTools (v0.99.50; Signorell, 2023), Rmisc (v1.5.1;
Hope, 2022), ggpubr (v0.6.0; Kassambara, 2023) and
patchwork (v1.1.2; Pedersen, 2024). The study design,
planned sample size, inclusion/exclusion criteria and
planned analyses of all experiments were preregistered
at the Open Science Framework (Experiment 1: https://
osf.io/mn523, Experiment 2: https://osf.io/9x46w,
Experiment 3: https://osf.io/kd6yx). The Ethics Commit-
tee Social Sciences at Radboud University approved
this study (ECSW-2023-070).

Experiment 1

In Experiment 1, we aimed to replicate whether social
category membership moderates the HFA (Bijlstra et
al., 2010, Experiment 1). That is, participants per-
formed a speeded recognition task with happy and
angry White - Dutch and Moroccan - Dutch male
faces, and we expect an interaction between the
social category of a face (White — Dutch or Moroccan
- Dutch) and the valence of the emotional expression
(positive or negative) on emotion recognition speed.
More specifically, we predict a larger HFA for White
— Dutch than Moroccan - Dutch faces.

Method

Sample size justification

An a priori power analysis using summary-statistics-
based power analysis (Murayama et al., 2022) indi-
cated that 20 participants were sufficient to find the
interaction effect between social category and
expression valence (power =.80, alpha=.05), given
the data of four experiments (Bijlstra et al., 2010,
Experiment 1; Bijlstra et al., 2019a, Experiment 2; Bijl-
stra et al., 2019b; Hugenberg, 2005, Experiment 1).
For this calculation, we used the average t statistic
(4.12) and average sample size (N =32.5). However,
we decided to be conservative and collected data
from 40 participants. Participants were rewarded €5
or 0.5 credit point for participating.

Participants

In total, 40 Radboud University students participated
(Mage =23.9, SD,qe=6.9, 19-60 years old, 75%
women, 25% men, 70% Dutch, 25% German, 5%
Belgian). In all experiments, participants were
recruited via the Radboud Research Participation
System (Sona Systems, https://www.sona-systems.
com) and we explicitly recruited participants who
grew up in The Netherlands, Germany, or Belgium

and who identified with the accompanying ethnicity
(i.e. Dutch, German, or Belgian). In doing so, we
aimed to create the intergroup context: The White —
Dutch faces reflected the ingroup and the Moroccan
- Dutch faces were the outgroup for participants.
The appearance of the White - Dutch faces is very
similar to faces from Belgium or Germany.

Materials and procedure

Emotion recognition task. Upon entering the lab,
participants provided consent by signing the
informed consent form. Next, we employed a
speeded recognition task (e.g. Bijlstra et al., 2010;
Hugenberg, 2005) and instructed participants that it
was their task to recognise pictures of faces based
on their emotional expression (angry or happy) as
quickly and accurately as possible. The happy and
angry faces used in the task were taken from the
Radboud Faces Database (RaFD; Langner et al., 2010;
frontal images of actors: 03, 05, 07, 09, 10, 15, 20,
21, 23, 24, 29, 30, 33, 35, 36, 38, 45, 46, 47, 48, 49,
50, 51, 52, 53, 54, 55, 59, 60, 67, 68, 69, 70, 71, 72,
and 73, see Figure 1 for example stimuli). The task

Figure 1. Examples of happy and angry faces.

Note: Example of angry Moroccan - Dutch face (top left), happy Moroccan —
Dutch (top right), angry White — Dutch face (bottom left) and happy White —
Dutch face (bottom right).


https://osf.io/mn523
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consisted of two experimental blocks of 72 trials (18
happy White - Dutch faces, 18 happy Moroccan -
Dutch faces, 18 angry White — Dutch faces, and 18
angry Moroccan - Dutch faces). The faces were ran-
domised within each block. Each trial started with a
fixation cross presented for 1000 ms followed by a
White — Dutch or Moroccan - Dutch face expressing
either anger or happiness for 200 ms. In all blocks, par-
ticipants were asked to recognise the emotional
expression as either angry or happy by pressing the
“A" or "“L" key. Participants’ response time is our
main measure of interest. To closely adhere to the
original paradigm by Bijlstra et al. (2010), the order
of response mapping was counterbalanced within
participants. Before each block, participants took
part in eight practice trials to get familiarised with
the task (using different faces than the ones used in
the experimental trials). Upon finishing the exper-
iment, participants were asked to fill in their demo-
graphics (i.e. age, gender and ethnicity). The task
lasted approximately 20 min and was programmed
using Inquisit (Inquisit 6, 2022).

Confirmatory analyses

Emotion recognition task. The response time
needed to recognise emotional expressions served
as the main dependent variable. As preregistered
and similar to Bijlstra et al. (2010), we performed all
confirmatory analyses on log-transformed response
times due to the right-skewed distribution. To deter-
mine differences in response time needed to recog-
nise happy and angry expressions between White -
Dutch and Moroccan - Dutch faces, we conducted a
linear mixed model. This model included the within-
participant factors social category (White — Dutch/
Moroccan — Dutch) and expression valence (posi-
tive/negative). Moreover, this model included a
random intercept of stimulus and participant as well
as random slopes for social category and expression
valence for participant. All models have a maximal
random-effects structure (Barr et al, 2013) and all
fixed effects were coded using sum-to-zero contrasts.”

Results

Confirmatory analyses

Emotion recognition task. As preregistered and
similar to Bijlstra et al. (2010), we excluded incorrect
trials (8.21%) and response times below 200 ms
(0.07%). In line with our preregistered hypothesis,
there was a significant interaction between social
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category and expression valence on response time,
B=0.007, SE=0.003, F(1,27.97)=4.78, p=.037, 95%
Cl [0.001, 0.01]. As expected, responses to happy
emotional expressions (M =480, SD = 38) were faster
than responses to angry emotional expressions (M =
487, SD=31) when displayed by White - Dutch
faces, B=0.02, SE=0.01, p=.035. No difference was
found between response times to happy (M =490,
SD=26) and angry (M=486, SD=31) emotional
expressions displayed by Moroccan — Dutch faces, B
=-0.008, SE=0.009, p=.385 (see Figures 3 and 4).
For the sake of completeness, responses to happy
emotional expressions were faster when displayed
by White — Dutch than Moroccan - Dutch faces, B =
—0.025, SE=0.009, p =.008, but there was no signifi-
cant difference for angry emotional expressions, B =
0.004, SE=0.009, p=.684. Although not hypoth-
esised, there was no significant main effect of social
category, B=-0.005, SE=0.003, F(1,26.80)=2.87, p
=.102, 95% CI [ - 0.01, 0.001], and expression
valence, B=0.003, SE=0.003, F(1,29.50)=0.86, p
=.361, 95% CI [ - 0.003, 0.01] on response time.
Taken together, we replicated influences of social cat-
egory on the HFA.

Discussion

Consistent with prior research (e.g. Bijlstra et al., 2010;
Hugenberg, 2005; Lipp et al, 2015), we found evi-
dence that social category membership moderates
the HFA. That is, we find evidence that the HFA is
present for White — Dutch faces, but not for Moroccan
- Dutch faces. By replicating social category influ-
ences on the HFA, we provide further evidence that
evaluative associations of social categories affect the
speed of emotion recognition. This paves the way
for the main purpose of this research: Investigating
whether the effect found in Experiment 1 can be
modified by reinforcement learning processes.

Experiment 2

In Experiment 2, we aimed to investigate whether the
HFA for Moroccan - Dutch and White - Dutch faces
can be modified through reinforcement learning. We
expected an interaction between the social category
of the face (White — Dutch or Moroccan - Dutch)
and the valence of the expression (positive or nega-
tive) on participants’ response time needed to recog-
nise emotional expressions. However, different from
what was observed in Experiment 1, we expect an
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HFA for Moroccan - Dutch faces, and a smaller,
reversed, or no HFA for White — Dutch faces. Lastly,
as manipulation check, we measured explicit evalu-
ations. If reinforcement learning affects evaluative
associations, this is expected to be reflected in explicit
evaluations. We expected participants’ evaluation of
faces to be more positive for Moroccan - Dutch
faces than White - Dutch faces.

Method

Sample size justification

An a priori power analysis using simr (Green &
Macleod, 2016) indicated that 72 participants were
sufficient to find an interaction between social cat-
egory and expression valence (power=.80, alpha
=.05) given the data of Experiment 1 (B =0.007). Par-
ticipants were rewarded 7.5 euro or 0.75 credit point
for participating and could earn a bonus based on
their performance in the Reinforcement Learning
Go/No-Go Task (RL GNG Task; up to €3).

Participants

After recruiting 72 participants, we excluded two par-
ticipants according to our preregistered exclusion cri-
teria. One was excluded because she had a non-Dutch
cultural background (Irish) and one because she per-
formed the same action choice (e.g. always press
the same key) more than or equal to 90% of the
time in at least one of the four blocks of the RL GNG
Task. Additionally, we excluded one participant who
did not finish the experiment. We resampled the
number of excluded participants to again reach a
sample size of 72 (M,ge=20.8, SD,q.=3.5, 18-40
years old, 79.17% women, 20.83% men, 84.72%
Dutch, 15.28% German).

Materials and procedure

Our aim was to investigate whether the HFA for in —
and outgroup faces can be modified through
reinforcement learning. To that end, we included a
RL GNG Task before the speeded emotion recognition
task in Experiment 2.

Reinforcement learning go/no-go task. To modify
evaluative associations of social categories, we asked
participants to first participate in a reinforcement
learning task, aiming to positively change evaluative
associations of Moroccan - Dutch faces and nega-
tively change evaluative associations of White -
Dutch faces, before participating in the emotion

recognition task. After providing consent, participants
were asked to fill in their demographics (i.e. age,
gender, and ethnicity). The procedure of the RL GNG
Task was adapted from Guitart-Masip et al. (2012;
see also van Lent et al, 2025). Participants were
shown pictures of fractals and faces of different cat-
egories. Each category required a specific response:
Either go (press the spacebar) or no-go (do not
press). Each response also led to a reward (i.e. gain
one point), a neutral outcome (i.e. neither gain nor
loss), or a punishment (i.e. lose one point). In total,
there were four different categories: For two they
could win points by either go (Go-To-Win) or no-go
(No-Go-To-Win) and for two they could avoid losing
points by either go (Go-To-Avoid-Losing) or no-go
(No-Go-To-Avoid-Losing).

Based on the (in)action, participants received feed-
back. This feedback was probabilistic: If participants
performed the correct action (e.g. pressed the space-
bar when the category of the object on the picture
required a “go” response), they received a reward
(for Go-To-Win and No-Go-To-Win) or a neutral
outcome (for Go-To-Avoid-Losing and No-Go-To-
Avoid-Losing) in 80% of the trails. This means that
20% of the correct trials resulted in a neutral
outcome (for Go-To-Win and No-Go-To-Win) or pun-
ishment (for Go-To-Avoid-Losing and No-Go-To-
Avoid-Losing). Feedback was probabilistic to ensure
learning was more like real-life learning, the task
was not too easy and, in addition, partial reinforce-
ment is more resistant to extinction. For every partici-
pant, pictures of neutral Moroccan - Dutch faces were
linked to the Go-To-Win condition and pictures of
neutral White - Dutch faces were linked to the No-
Go-To-Avoid-Losing condition. This was done
because previous research (van Lent et al., 2025) has
shown that those conditions were the most effective
in changing evaluative associations: Go-To-Win the
most positive and No-Go-To-Avoid-Losing the least
positive. The remaining two conditions, No-Go-To-
Win and Go-To-Avoid-Losing, were linked to pictures
of either orange or blue fractals. Although we are
not necessarily interested in the No-Go-To-Win and
Go-To-Avoid-Losing conditions, we decided to
include them in the design to make the task less
obvious and thereby aim to minimise social desirabil-
ity influences. The fractals were adapted from Mathot
et al. (2015).

Finally, for each category participants had to learn
trial and error based on the feedback what the best
response is. Thus, the optimal response (go/no-go)



for each category was not instructed and had to be
discovered based on the feedback. Trial and error
learning is an important component of reinforcement
learning, as it makes the learning active. Participants
also learned that after completion of the task, the
points would be converted to a monetary bonus
ranging from 0 to 3 euro. In this way, learning was
made consequential to stimulate the learning
process. More specifically and unbeknownst to partici-
pants, participants with scores of 0 or below 0 points
gained 0 euro bonus, participants with scores ranging
between 1 and 30 gained 1 euro bonus, participants
with scores ranging between 31 and 60 gained 2
euro bonus and participants with scores higher than
60 gained 3 euro bonus (Mpojnts =32.18, SDpoints =
20.39; Myponus = 1.55, SDponus = 0.67).

Each trial started with presenting one picture for
1500 ms, and during presentation, participants either
had to press the spacebar (go) or withhold from press-
ing (no-go). There were five pictures linked to each con-
dition: Five neutral Moroccan - Dutch faces, five neutral
White — Dutch faces, five orange fractals, and five blue
fractals. These pictures were kept constant throughout
all trials. Moroccan - Dutch and White — Dutch faces
were randomly selected per participant out of a list of
18 faces. After participants chose the action, they
received feedback for 2000ms. They either received a
reward (upwards pointing green arrow), a punishment
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(downwards pointing red arrow) or a neutral outcome
(yellow bar). Each trial ended with an inter-trial interval
(IT1) that varied from 1000 ms to 1750ms in steps of
150 ms (see Figure 2 for an overview).

In total, the task included four categories (each
including five pictures) with 60 trials per category
resulting in 240 trials. After every 60 trials (15 trials
per RL condition; Go-To-Win, No-Go-To-Win, Go-To-
Avoid-Losing, No-Go-To-Avoid-Losing), participants
had a 20 s break. The trials within the blocks were ran-
domised. Before starting the task, participants took
part in 10 practice trials per condition to get famil-
iarised with the task (using different pictures than
the ones used in the actual RL GNG Task).

Emotion recognition task. The emotion recognition
task remained the same as in Experiment 1.

Explicit evaluation task. Lastly, participants were
asked to judge all 36 neutral faces on a 200-point
scale (0=very negative, 200=very positive). The
order of the faces was randomised per participant.
Ratings were made using a slider; its starting position
was always at 100 by default (neither positive nor
negative). In total, all three tasks lasted approximately
45 min and participants were paid according to their
performance. The task was programmed using Psy-
choPy (Peirce et al., 2019).

Go to win Go to avoid losing No-go to win No-go to avoid losing
2a [mEN [HEE| | 2s2
. £ 3
- - - : - a2
Cue + response -
e iz || HE|| HE|| a:
1500 ms -
Feedback: t ‘ t
2000 ms l
2
ITI:
1000-1750 ms + + -+ +
in steps of 150

Figure 2. Overview of the reinforcement learning go/no-go task.

Note: Each trial started with the presentation of a face or fractal and was followed by response-dependent feedback. Rewards, punishments, and neutral outcomes
were visualized by upwards green arrows, downwards red arrows and yellow bars, respectively.
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Confirmatory analyses

Emotion recognition task. The analyses of the
emotion recognition task were identical to Exper-
iment 1.

Explicit evaluation task. To determine whether there
is a difference in how the faces are evaluated, we con-
ducted a linear mixed effects model. The model
included the within-participant factor social category
(Moroccan - Dutch and White - Dutch) and a
random intercept of participant as well as a random
slope for social category.®> Moreover, a random inter-
cept of stimulus was included.

Results

Confirmatory analyses

Emotion recognition task. As preregistered and
similar to Bijlstra et al. (2010), we excluded incorrect
trials (8.25%) and response times below 200 ms
(0.77%). In contrast to our preregistered hypothesis,
there was no significant interaction between social cat-
egory and expression valence on response time, B=
0.004, SE=0.003, F(1,54.12)=1.63, p=.208, 95% Cl
[-0.002, 0.011]. There was no significant main effect of
social category on response time, B=-—0.004, SE=
0.003, F(1,56.82) =1.07, p=.305, 95% CI [-0.01, 0.003].
There was, however, a significant main effect of
expression valence on response time, B=0.01, SE=
0.003, F(1,57.65)=10.63, p=.002, 95% Cl [0.005,
0.018], suggesting an overall HFA. Responses to happy
emotional expressions (M =422, SD =37) were faster
than responses to angry emotional expressions (M=
432, SD = 43) (see Figures 3 and 4).

Although we did not find an interaction between
social category and expression valence on response
time, we did zoom in on the response time differences
within each social category for the sake of complete-
ness. Responses to happy emotional expressions (M =
418, SD=26) were faster than responses to angry
emotional expressions (M =431, SD=38) when dis-
played by White - Dutch faces, B=0.03, SE=0.01, p
=.001. Although response times to happy emotional
expressions were numerically faster (M =426, SD =
44) than response times to angry emotional
expressions (M =433, SD=49) when displayed by
Moroccan - Dutch faces, this difference was not sig-
nificant, B=0.014, SE=0.01, p=.175. Moreover, for
the sake of completeness, there was no significant
difference between White - Dutch and Moroccan -

Dutch faces for happy emotional expressions, B =
—0.02, SE=0.01, p=.099, and angry emotional
expressions, B=0.002, SE=0.01, p=.853. Taken
together, although not in the expected direction,
the data pattern changed compared to what was
found in Experiment 1.

Explicit evaluation task. In line with our preregis-
tered hypothesis, there was a significant main effect
of social category on explicit evaluation, B=—4.25,
SE=1.83, F(1,49.66) =5.41, p=.024, 95% CI [-7.83, -
0.67] (see Figure 5). Moroccan - Dutch faces (M=
102.07, SD=10.56) were more positively evaluated
than White - Dutch faces (M =93.57, SD = 10.56).

Exploratory analyses

Emotion recognition task. We explored whether
response latencies differed over the course of the
experiment, to see whether any influences of the RL
GNG Task are present at first, but extinct over time.
To do this, we analyzed block 1 and block 2 separately.

Block 1. In block 1, there was no significant inter-
action between social category and expression
valence on response time, B=0.003, SE=0.004,
F(1,52.44)=0.66, p=.421, 95% CI [-0.005, 0.012],
and no significant main effect of social category on
response time, B=-0.002, SE=0.004, F(1,55.66)=
0.31, p=.580, 95% CI [-0.011, 0.006]. There was a sig-
nificant main effect of expression valence on response
time, B=0.02, SE=0.005, F(1,68.96) = 14.35, p <.001,
95% Cl [0.009, 0.028], suggesting an overall HFA.
Responses to happy emotional expressions (M =409,
SD=40) were faster than responses to angry
emotional expressions (M =428, SD =55).

Again, we zoomed in on the response time differ-
ences per emotion within each social category for
the sake of completeness. Responses to happy
emotional expressions (M =408, SD =32) were faster
than responses to angry emotional expressions (M =
427, SD=51) when displayed by White — Dutch
faces, B=0.04, SE=0.01, p<.001, and responses to
happy emotional expressions (M=411, SD=48)
where faster than responses to angry emotional
expressions (M =429, SD=59) when displayed by
Moroccan - Dutch faces, B=0.03, SE=0.01, p=.016.
Moreover, there was no significant difference
between White - Dutch and Moroccan - Dutch
faces for happy emotional expressions, B=—-0.01, SE
=0.01, p=.323, and angry emotional expressions, B
=0.002, SE=0.01, p=.871 (see Figure 3).



Block 2. In block 2, there was no significant inter-
action between social category and expression
valence on response time, B=0.006, SE=0.045,
F(1,53.95)=1.59, p=.213, 95% Cl [-0.003, 0.014], no
significant main effect of social category on response
time, B=—-0.004, SE=0.004, F(1,43.42) =1.39, p=.244,
95% ClI [-0.012, 0.003] and no significant main effect
of expression valence on response time, B=0.003,
SE=0.004, F(1,56.89) =0.62, p =.436, 95% Cl [-0.005,
0.013] (see Figure 3).

Discussion

In Experiment 2, we did not find the preregistered
interaction between social category and valence of
the expression on emotion recognition (note that
we expected a reserved-shaped interaction). We,
however, did find a main effect of valence of the
expression, signalling an overall HFA. As preregis-
tered, we found that participants’ explicit evaluation
of faces was more positive for Moroccan - Dutch
faces than for White - Dutch faces.

Our findings suggest that being subjected to a
reinforcement learning task adjusted the HFA. That is,
after the reinforcement learning task, we did not find
evidence for the standard interaction between social
category and valence of the expression on emotion rec-
ognition. Instead, participants showed an overall HFA.
Additionally, our data suggest participants hold a
more positive explicit evaluation of Moroccan — Dutch
faces than White — Dutch faces. Thus, these results
suggest that evaluative associations of social categories
are malleable with reinforcement learning, but that
these effects are not as strong as expected. It seems to
be very hard to negatively affect evaluative associations
of ingroup faces with reinforcement learning.

After exploring the data, it seems that an overall
HFA was only present in the first block. Counterbalan-
cing the keys after the first block seems to disrupt the
impact of learning in the reinforcement learning task
on emotion recognition. To further investigate
whether learning in the reinforcement learning task
affects emotion recognition, we decided to replicate
Experiment 2, but to counterbalance the order of
response mapping between participants in Exper-
iment 3 instead of within participants.

Experiment 3

Experiment 3 consisted of only one experimental
block (144 trials) to test the influence of reinforcement
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learning on emotion recognition. Based on the results
of Experiment 2, we changed our hypothesis for the
emotion recognition task. We expected a main
effect of expression valence on participants’ response
time needed to recognise emotional expressions.
Moreover, regarding the explicit evaluations, our
hypothesis remained the same: We expected that par-
ticipants’ evaluation of faces is more positive for Mor-
occan - Dutch faces than White - Dutch faces.

Method

Sample size justification

An a priori power analysis using simr (Green &
MacLeod, 2016) indicated that 35 participants were
sufficient to find a main effect of expression valence
(power =0.80, alpha=.05) given the main effect of
expression valence in block 1 of Experiment 2 (B=
0.02). We decided to collect 72 participants, as the
power analysis for Experiment 2 indicated that this
number was necessary to detect an interaction
effect between social category and expression
valence. To reduce the risk of a type Il error, we
recruited 72 participants, ensuring a power of 0.95
to detect the main effect of expression valence.

Participants

After recruiting 72 participants, we excluded one partici-
pant according to our preregistered exclusion criteria.
This participant had to be excluded because she per-
formed the same action choice (e.g. always press the
same key) more than or equal to 90% of the time in at
least one of the four blocks of the RL GNG Task. We
resampled the number of excluded participants to
again reach a sample size of 72 (M,ge = 20.51, SD,ge =
2.94, 18-32 years old, 87.5% women, 12.5% men,
77.78% Dutch, 20.83% German, 1.39% Dutch/German).

Materials and procedure

The setup of the experiment was the same as Exper-
iment 2. The only difference was that the order of the
response mapping in the emotion recognition task
was counterbalanced between participants, thereby
removing the break. As this is a short task (10-15 min),
we thought a break was not necessary. In the RL GNG
Task participants again gained money (Mpgints = 36.46,
SDpoints = 19.17; Mponus = 1.65, SDponus = 0.73).

Confirmatory analyses
The confirmatory analyses were the same as in Exper-
iment 2.
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Results

Confirmatory analyses

Emotion recognition task. As preregistered and
similar to Experiments 1 and 2, we excluded incorrect
trials (7.19%) and response times below 200 ms
(0.44%). In line with our preregistered hypothesis,
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Figure 3. Results emotion recognition task.

there was a significant main effect of expression
valence on response time, B=0.01, SE=0.004,
F(1,81.88)=6.50, p=.013, 95% ClI [0.003, 0.019],
suggesting an overall HFA. Responses to happy
emotional expressions (M =433, SD=31) were faster
than responses to angry emotional expressions (M =
442, SD=30). Again, there was no significant

Exp 2
500 1
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I I
400 1
350 1
White-Dutch Moroccan-Dutch
Exp 2 Block 2
500 4
450 A
I I
400
350 1
White-Dutch Moroccan-Dutch

Note: Mean response time in each of the conditions. Error bars reflect within-participants standard errors around those means.
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Figure 4. Forest plot emotion recognition task.

Note: Effect sizes of the interaction between social category and expression
valence on response time for each experiment, including the original exper-
iment by Bijistra et al. (2010). A significant interaction effect was observed in
Bijlstra et al. (2010) and Experiment 1, but not in Experiments 2 or 3. Error
bars reflect confidence intervals around the effect size.

interaction between social category and expression
valence on response time, B=0.003, SE=0.004,
F(1,53.62)=1.23, p=.272, 95% Cl [-0.003, 0.010].

Exp 2
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p =.024

150 1
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Positivity of face

50 1
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Figure 5. Results explicit evaluation task.
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There was no significant main effect of social category
on response time, B=-0.001, SE=0.003, F(1,55.62) =
0.21, p=.647, 95% Cl [-0.008, 0.005].

Although we did not find an interaction between
social category and expression valence on response
time, as was also the case in Experiment 2, we
zoomed in on the response differences per emotion
within each social category for the sake of complete-
ness. Responses to happy emotional expressions (M =
431, SD=29) were faster than responses to angry
emotional expressions (M =442, SD=30) when dis-
played by White - Dutch faces, B=0.03, SE=0.01, p
=.007. Although response times to happy emotional
expressions were numerically faster (M =435, SD=
33) than response times to angry emotional
expressions (M =443, SD=31) when displayed by
Moroccan - Dutch faces, this difference was not sig-
nificant, B=0.015, SE=0.01, p=.161. Finally, there
was no significant difference between White -
Dutch and Moroccan - Dutch faces for happy
emotional expressions, B=-0.01, SE=0.01, p =.266,
and angry emotional expressions, B=0.004, SE=
0.01, p = 655 (see Figures 3 and 4).*

Explicit evaluation task. In contrast to our preregis-
tered hypothesis, there was no significant main
effect of social category on explicit evaluation, B=
—3.50, SE=1.84, F(1,44.79)=3.63, p=.063, 95% Cl
[-7.10, 0.09] (see Figure 5). Although not significant,

Exp 3

200 1
p = .063

150 1

100 1

50 1

Morocca;n-Dutch White-'Dutch

Note: Mean evaluation of the face for each social category. Error bars reflect within-participants standard errors around those means.
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Moroccan - Dutch faces (M =100.92, SD =9.07) were
numerically more positively evaluated than White -
Dutch faces (M =93.92, SD =9.07).

Discussion

In Experiment 3 (and in line with results from Exper-
iment 2), we found the preregistered main effect of
valence of the expression on participants’ response
time needed to recognise emotional expressions, sig-
nalling an overall HFA. Contrary to our preregistered
hypothesis, we did not find that participants’ explicit
evaluation of faces was more positive for Moroccan
- Dutch faces compared to White — Dutch faces.

Based on these findings, we cautiously conclude
that being subjected to a reinforcement learning
task adjusted the HFA in the expected direction.
That is, participants showed an overall HFA. These
results suggest that evaluative associations of social
categories are malleable with reinforcement learning,
and that this affects emotion recognition.

General discussion

The current research explored whether reinforcement
learning influences the HFA. We first replicated the
commonly observed moderation effect of social cat-
egories on the HFA (Bijlstra et al., 2010; see also
Becker et al., 2007; Bijlstra et al., 2019b; Craig et al.,
2017; Craig & Lipp, 2017, 2018; Hugenberg, 2005;
Hugenberg & Sczesny, 2006; Lipp et al., 2015). That
is, we observed an HFA for White — Dutch faces and
not for Moroccan - Dutch faces. Conducting this repli-
cation is important because if we do not find the orig-
inal effect, attempting to influence it would be futile.
Moreover, evaluative associations can change over
time (Charlesworth & Banaji, 2019), and given that
the original paper is 15 years old (Bijlstra et al.,
2010), it is crucial to verify that the evaluative associ-
ations remain as expected in the current context.
Second, and importantly, our results suggest that
reinforcement learning alters this differential effect of
the HFA for different social categories. After participat-
ing in a reinforcement learning task, in which we linked
Moroccan - Dutch faces to actions and rewards and
White — Dutch faces to inactions and punishment
avoidance, we no longer find evidence for the moder-
ation effect of a face’s social category on the HFA.
Instead, we consistently show a main effect of the
valence of the expression, such that responses to
happy faces were faster than responses to angry

faces, regardless of the social category of the face
(White — Dutch or Moroccan — Dutch). This suggests
that emotion recognition of existing social categories
can be influenced by reinforcement learning.

These findings provide further support for the idea
that evaluative social category associations are under-
lying HFA effects, i.e. the evaluative congruence
account (e.g. Bijlstra et al., 2010; Hugenberg, 2005).
Support for this account now comes from several
sources. First, previous research shows that when eva-
luative associations are more accessible, people need
less input to recognise evaluative consistent
emotional expressions (Hugenberg & Bodenhausen,
2003). Second, Lindeberg et al. (2019) demonstrated
the possibility of creating new evaluative associations
for individual faces, influencing the HFA for these
faces. Finally, the present research suggests that eva-
luative associations of existing social categories are
malleable by a reinforcement learning task known
to modify evaluative associations (Liu et al., 2025;
van Lent et al,, 2025), affecting subsequent emotion
recognition. Together, these studies provide conver-
ging evidence for the idea that evaluative associations
underlie the moderation of the HFA by social category
membership of the target.

Initially, in Experiment 2, we expected reinforce-
ment learning to affect both the HFA of White -
Dutch and Moroccan - Dutch faces. In this, we
expected an HFA for Moroccan - Dutch faces, and a
smaller, reversal, or no HFA for White — Dutch faces.
In two experiments, we found no evidence for this
and observed an overall HFA instead. Apparently, it
is very difficult to change learned positive evaluative
associations people have with ingroup faces. Why
would this be the case? One probable explanation is
that people have a long learning history with
ingroup faces. These are the faces people encounter
most often. The longer the learning history, the stron-
ger the evaluative association (Sherman, 1996). In
addition, people prefer familiar faces (Zajonc, 1968),
or new faces that look similar to previously seen
ones (Zebrowitz et al., 2008), probably resulting in a
more positive evaluative association for ingroup
members. A complementary motivational explanation
is that people strive to maintain a positive image of
their ingroup (Tajfel & Turner, 1979; see also Tajfel,
1982). This may have contributed to the difficulty of
making evaluative associations less positive. Overall,
it seems that the learned positive associations with
ingroup faces are either very strong, or people are
highly motivated to maintain a positive view of



ingroup faces, or a combination of both. As a result,
our computerised reinforcement learning task may
not be powerful enough to change these learned or
strongly motivated evaluative associations.

Instead of the reversed pattern of the often-
observed interaction effect, we found consistent evi-
dence for a general HFA. However, zooming in on
the specific contrasts, there was no significant differ-
ence in response times for happy and angry faces
among Moroccan - Dutch faces, while response
times to happy faces were numerically faster than
response times to angry faces. So, although the mod-
eration of the HFA by social category membership
appears to be statistically changed by reinforcement
learning, the effects of reinforcement learning seem
not that strong. Future research could investigate
whether amplifying the effects of reinforcement
learning, such as by increasing the number of learning
trials, results in stronger effects on emotion recog-
nition. In line with this idea, we found in Experiment
2 that the reinforcement learning task is initially
effective, but after a short pause during which we
swap the keys to recognise emotional expressions,
the HFA pattern changes back to its original pattern.
It seems that by inserting a pause in which we
switch keys, we disrupt the effects of reinforcement
learning on emotion recognition. One possible expla-
nation is that task switching undermines the newly
learned evaluative associations and thereby old
associations come back to the fore more strongly
(see Walther et al, 2019 for an overview of the
impact of responses on attitudes).

Implications

The findings of the current research have both theor-
etical and practical implications. At the theoretical
level, this research is the first to show that reinforce-
ment learning affects emotion perception in
members of different social categories. That is, we
show that learning to act to Moroccan - Dutch faces
to obtain rewards and learning to not act to White —
Dutch faces to avoid punishments affects emotion
perception on the category level. Importantly, we
show that the effect of reinforcement learning pro-
cesses generalises from neutral to emotional
expressions: People learn about neutral emotional
expressions during the reinforcement learning task,
and the learning effects translate to different response
times for happy and angry emotional expressions.
Moreover, learning also generalises to new faces
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that were not present in the reinforcement learning
task: People learn about five faces during the
reinforcement learning task, and these learning
effects translate to new and unfamiliar faces (13
faces) from the same social category when recognis-
ing emotional expressions.

At a more practical level, our findings further high-
light the importance of positive contact situations for
reducing prejudice (Allport, 1954; Paolini et al., 2024;
Pettigrew & Tropp, 2006). While previous research
suggests that the absence of contact can perpetuate
negative evaluative associations (Allidina & Cunning-
ham, 2021), the current study, on the other hand,
adds to the large body of literature by demonstrating
that positive contact may lead to more positive eva-
luative associations. Specifically, the reinforcement
learning task we used can be seen as an abstract
version of contact (or no contact) with a social cat-
egory. Here, contact (depicted as go action decisions)
that results in rewards seems to positively affect eva-
luative associations of outgroup members. That being
said, monetary rewards are very different from
rewards in everyday social interactions. Future
research could investigate whether this effect persists
in a more ecologically valid context when more social
rewards, such as receiving smiles, are used.

Strengths and limitations

The present research has important strengths. All
experiments are preregistered, we included a replica-
tion study, and the analysis strategies used are rela-
tively new in the literature on recognising emotional
expressions. This research also introduces theoretical
advancements in the reinforcement learning litera-
ture, specifically in the area of aligning consequences
with (in)actions decisions (i.e. action — valence asym-
metries in learning). While most research in this area
focuses on understanding these action — valence
asymmetries itself (Guitart-Masip et al., 2012, 2014),
our research examines the outcomes of these learning
processes for emotion recognition. To date, only a few
studies have explored the consequences of action —
valence asymmetries in learning. For example, Liu et
al. (2025) investigated its impact on food choice,
and van Lent et al. (2025) examined its effects on indi-
vidual impression formation. Here, we demonstrate
for the first time that action - valence asymmetries
in learning influence perceptions of social categories,
and that these effects generalise to targets that par-
ticipants did not learn about.
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The current research also has its limitations. Most
importantly, we did not test in a between-participant
design whether the HFA of Moroccan - Dutch faces
statistically differed after being subjected to the
reinforcement learning task or not. We deliberately
chose the current design without a control condition
because including one led to a sample size that was
far too large (N =2000). However, we consistently
provide novel evidence for a general HFA after
participants conducted the reinforcement learning
task.

Moreover, this experimental work was conducted
in a controlled lab environment and not in real-life
situations, limiting the external validity. Next, due to
the experimental design in Experiments 2-3, the
results obtained in the Explicit Evaluation Task are
not as informative; it is unknown whether the differ-
ence in explicit evaluations can be attributed to
other factors, such as demand characteristics.
Additionally, we cannot exclude the possibility that
the speed of emotion recognition might be
influenced by other factors (such as the architecture
of the face itself; Becker et al., 2007) besides the
underlying evaluative associations related to social
categories. Furthermore, there may be more optimal
ways to analyze response time data, and future
research could benefit from applying such alternative
approaches (Tipples, 2022, 2023a; see also S2). Finally,
it is unknown whether the absence of an HFA predicts
discrimination in the real world. Therefore, the exact
implications of a changed HFA pattern remain
unclear. Future research could investigate whether
HFA has predictive value for discriminatory behaviour.

Conclusion

Taken together, our results suggest that reinforce-
ment learning affects evaluative associations, influen-
cing subsequent emotion recognition: Combining
actions with rewards for Moroccan - Dutch faces
and combining inactions with avoidance of punish-
ments for White — Dutch faces adjusted the HFA
pattern. Since a large body of literature has consist-
ently shown social category influences on the HFA -
more negative evaluative associations lead to slower
recognition of positive emotional expressions as posi-
tive — it is striking that we were able to adjust emotion
recognition using a basic learning task. These findings
provide new insights in the role of learning mechan-
isms to change emotion recognition. Our results
suggest that aligning actions with rewards changes

evaluative associations of outgroup members, conse-
quently affecting emotion recognition.

Notes

1. Although it would be the most optimal design, we
decided to avoid using a between-participants design
that introduced the reinforcement learning task as a
manipulation and no learning task as a control condition.
A sample size calculation showed that this approach
would require 2000 participants to detect the three-
way interaction, which we deemed neither feasible
(costs around 15,000 euros) nor ethical given the
resources involved, and the benefits of conducting
such a study did not outweigh the costs involved.

2. To give more insight into the data and for the sake of
completeness, we report additional exploratory analyses
for all experiments in S2. Here, we have also included
alternative ways of analyzing the data that were rec-
ommended by a reviewer.

3. The random slope for social category was by mistake not
preregistered. However, we deemed it more correct to
include the random slope for social category and there-
fore we included it. The results with and without the
random slope are the same.

4. For completeness, and despite being severely under-
powered for this analysis, we compared Experiment 1
with Experiments 2-3 (see S2). This analysis revealed
no significant three-way interaction between social cat-
egory, expression valence, and experiment on response
time, indicating that there is no evidence that the inter-
action between social category and expression valence
differs between Experiment 1 and Experiments 2-3.
Given the required sample size (see Footnote 1), this
finding is not unexpected.
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