Neural Correlates of Social Group Perception —
Mapping Perceived Social Categories in Brain
Activation

Doctoral thesis
to obtain a doctorate (PhD)
from the Faculty of Medicine

of the University of Bonn

Omar Salah Ahmed
from Dakahlia, Egypt
2025



Written with authorization of

the Faculty of Medicine of the University of Bonn

First reviewer: PD. Dr. Johannes Schultz

Second reviewer: Prof. Dr. Silke Lux

Day of oral examination: 13" of November 2025

From the Center for Economics and Neuroscience (CENS), Institut fir experimentelle
Epileptologie und Kognitionsforschung (IEECR)



Table of contents:

1

INErOdUCEION ..o e 8
1.1 AIM Of the ThESIS ..uuuiii i 8
Study 1: Replicating Previous Measures of Group Homogeneity................. 10
2.1 INErOAUCTION ... 10
2.1.1 Measures of Group Homogeneity ..........cccvvvviiiiiiiiciieeiicee e 10
2.1.2 Trait Relevance and Typicality..........c.oovviiiiiiiiiiiiii i 11
2.1.3 Effect of the Grouping Paradigm ............ccccoooiii, 11
2.1.4 Social Categorization Versus Stereotype Application.................... 12
2.1.5 Social Category SalienCe ...........ouviiiiiiiiiiiicce e 13
2.2 SHUAY AIM e 13
2.3 HYPONESES....coiiiiiiiiiiiii 14
2.3.1 HypothesisS 1 ..o 14
2.3.2 HypOtheSIS 2 ... 14
2.3.3 Hypothesis 3 ... 14
2.4 StUAY DESIGN ..cooiiiiiiiiiiiii 15
2.5 PretesSting ..o 15
251 QUESHIONNAINE......ccoieeiieeeee e 15
2.5.2 PartiCipants ..........cooiiiiiiiiii 15
2.5.3 RESUIS ..ouuiiiie e 15
2.6 Materials & MethOdS........ccooiiiiiiiii e 17
261 SHMUI ..o 17
2.6.2 SOCIAl GrOUPS....cciiiiiiiiii ettt e 17
2.6.3 Experimental Tasks: ........cccooiiiiiiiiiiiiee e 17
2.6.4 Experimental Conditions ............uuuiiiiiiiiiiiii e 20
2.6.5 PartiCipants ......ccoooiiiiiiiiiii 22
2.6.6 Experiment Flow (Procedure)...........cccccciiiiiiiiiiiiiiiieiiiiiiiieeeeen 22
P2 T A |V == 1T U Y 24
2.7  Data AnalySiS ... 25
2.7.1 Analysis Software..........cccoe e 25
2.7.2 Data PreproCessSiNg.......coooeieiiiiiiiuiiiieee et 25

2.7.3 Mood Check QUESHIONNAIIE ......ccoeee et 25



274 HypothesisS T ..o 26

2.7.5 HypPOtheSiS 2 ... 26

2.7.6 HypOthesSiS 3 ....coovriiiiii e 26

2.8  RESUIS ... 29
2.8.1 Manipulation ChecCK...........cooiiiiiiiiiiiiie e 29

2.8.2 Mood Check Questionnaire..........cccooeeeeiiiiiiiiiiiiieeeeeeeee e 29

2.8.3 Group Identification ............coovviiiiiiiiii 30

2.84 Hypothesis 1 ..o 30

2.8.5 HypPOtheSIS 2 ..o 31

2.8.6 HypOthesisS 3 ... 32

2.9 DISCUSSION ...t 36
2.9.1 Summary of Main FINdiNgS..........ccooiiiiiiiiiicci e 37

2.9.2 Interpretation and Theoretical Implications.............cccccvvvviieinnnnnn. 37

2.9.3 Methodological Considerations and Limitations ...............c............ 38

2.9.4 Future Research DireCtions..........cccovvviiiiiiiiiiiiiiiieeeeeee e 38

3 Study 2: Behavioral Study Inducing Social Categorization........................... 39
3.1 1] (oo 18 o3 (o] o ISR 39
3.1.1  Group Perception from a Similarity Perspective.............cccccc......... 39

3.1.2 Behavioral Pairwise-Similarity Task............ccccceeeiiiiiiiiiiiiiieieeee, 39

3.1.3 Representing Persons as Stimuli............cccccceeiiei i, 39

3.1.4 Faces as a Representation of Persons ..........ccccooooevviiiiiiiiiinnnen, 40

3.1.5 Networks Rather Than Regions ............cccci, 40

3.1.6 Activation Patterns of the Faces and Associated Information........ 40

3.1.7 Difficulties in Measurement of Perceived Group Homogeneity...... 40

3.1.8 New Study Aim: Focus onthe TasK.........cccccccviieiiiiiiiiiciiiicieee, 41

3.2  Study Design and Experimental Procedure............cccoevvvvciiiiiieeeeeceiiinnnn, 41
3.2, SHMUI oo 41

3.2.2  TASKS et 42

3.2.3 EXPeriment FIOW .........iiiiiiiiii e 44

I |V == 1T U Y 45

3.3 HypOthesisS ..o 45
3.4 Pilot EXPeriMENt.........uuiiiiii e 45



3.4.1  PartiCipants ......coooviiiiiiiiii e 45
3.4.2 Data AnalySis ......ccoooiiiiiiii i 46
3.:4.3 RESUIS ..o 47
3.5 Main EXPeriment.......coouiiiiiii e 48
3.5.1 PartiCipants ......coooeiiiiiiiii 48
3.5.2 Study Design.....ccooeiiiiieee 48
3.5.3 Data Analysis ...cccuuiiiiiiiiii 48
354 RESUIS ...oeviieeee e 50
B TG T B 1T U 11 (o] o [P 54
3.6.1 Interpreting the Influence of Group Cues ........cccooevvvvivviiiiiiiinenenn, 55
3.6.2 Relevance to Neuroscientific Models of Person Perception.......... 55
3.6.3 Methodological Strengths and Constraints.............ccccceevvvieennnnnn. 55
3.6.4 Implications and Future Directions ...............ccooviiiiiiiiiiiiccciiin e 56
3.6.5 FULUIE reSEarCh..........uuoiii i 56
Study 3: Neural Correlates of Social Categorization...................................... 57
4.1 INEFOAUCTION ... eeeees 57
4.1.1 Racial Versus Outgroup Effects .........cccccccvviiiiiiiiiiiiiiiiiiiie, 58
4.1.2 Univariate AnalySiS..........ccovviiiiiiiiiiiiiiiiiieeeee 59
4.1.3 Multivariate ANalysSiS........cccuuuiiiiiiiiiiiicei e 59
4.1.4 Decoding Neural Representations .............ccccoeeviiviiiiiiiinc e, 60
4.1.5 Representational Similarity Analysis (RSA).......cccccooviiiiiiiiiiinnnnnnn. 60
4.1.6 RSAin Multivariate fMRI analysis ..........cccccccoviiiiiiiiiiiiiiiiiiiiiinnee, 61
4.1.7 Linear Discriminant Contrast (LDC) and t-value (LDt)................... 61
4.1.8 Anatomical Versus Functional Brain Alignment (Hyperalignment). 62
4.1.9 Improved Understanding of Face Perception Mechanisms........... 63
4.1.10 Brain Responses to Different Social Groups...........ccccoevvieeriennnns 63
4.2  AIM Of the Project ... 64
4.3  Pre-Registration...........coooiiiii 64
4.4 HYPOINESES ... 64
4.5 StUAY DESIGN .oeviiiiiiiiiiiiiiiiiiieeeeee ettt 64
451 RECIUIIMENT.....oooiiiiiii e e e eeaaees 65

4.5.2  SHMUI .ooeiiii 65



.53 TASKS ..uuuuiiii et aeaaaae 66
4.6 EXPeriment FIOW .........cooii i 67
4.6.1  First SESSION ..cccoiiiiiiiiiiiii 67
4.6.2 SeCONd SESSION ..coiviiiiiiiiiiiiiiiieieeee e 67
4.6.3 Third SESSION ..ccevviiiiiieie e eeeees 67
4.7  Data ACQUISITION ....uuiiii e 68
4.8  Data ANalYSIS .....uuiiiiiiiiii e 69
4.8.1 IMEASUIES ...t 69
4.8.2 ANAIYSIS....cooiiiiiiiiiiiiiii 69
4.9  HypothesisS teStiNG .......couvviiiiiiiiiiiiiiiiiiiiieee e 72
4.9.1 HYPOthESIS 1 ..o 72
4.9.2 HYPONESIS 2 ..o 72
4.9.3 Hypothesis 3 .....coooiiiiiiiiiii 72
O =TT U | 73
4.10.1 Behavioral ... 73
4.10.2 MR cooiiiiiii 75
e I I 1o B 1= [ 82
4111 Hypothesis 1. 82
4.11.2 HYPONESIS 2...ceeiiiiiie e 82
4.11.3 HYPOLhESIS 3. oo 84
4.11.4 Theoretical Implications...........cccooeeiiiiiiiiiiii e 85
4.11.5 Limitations and Future Directions ...........cccoovviieiiiiiiiiiiiinieeeeeeeeeeee 86
g I ST @7 T 11 ] o] o F P 86
Discussion and ConCIUSION ...............cccciiiiiiiiiiiiii e 87
ADSTFaCT...... .o 89
List OFf FIQUIES........oiiiiiiiiii e 90
List Of TADIES ... e 92
=] (=T =Y o 1o 93
Statement on own contribution....................... 104
ACKNOWIEdgMENtS...........oooiiiii 105

7Y o] o 1= 4 T | ) OO 106



List of abbreviations:

ACC
AH:
ATL
BG
BGD
BIDS
BOLD
df
DLPFC
EEG
EPI
FFA
fMRI
fNIRS
GLM
GRAPPA
HRF
LDC
LDt
MDS
MPRAGE
MVPA
NAT:
ODT:
PANAS
PER:
RDM
RGM
ROI
RSA
SAQ:
SIM:
STG
STS
TFCE
WG
WGD

Anterior Cingulate Cortex

Arts and Humanities

Anterior Temporal Lobe
Between-group similarity
Between-group discriminability

Brain Imaging Data Structure

Blood Oxygen Level Dependent
Degrees of freedom

Dorsolateral Prefrontal Cortex
Electroencephalography

Echo Planar Imaging

Fusiform Face Area

Functional Magnetic Resonance Imaging
Functional Near-Infrared spectroscopy
General Linear Model

Generalized Auto-calibrating Partially Parallel Acquisitions
Hemodynamic Response Function
Linear Discriminant Contrast

Linear Discriminant t-value
Multi-dimensional Scaling
Magnetization-Prepared Rapid Gradient Echo Imaging
Multivariate Pattern Analysis

Natural Sciences

Optimal Distinctiveness Theory
Positive and Negative Affect Schedule
Percentage Estimate Task
Representational Dissimilarity Matrix
Rating Group Members Task

Region of Interest

Representational Similarity Analysis
Self-assessment Questionnaire
Similarity Task

Superior Temporal Gyrus

Superior Temporal Sulcus
Threshold-free Cluster Enhancement
Within-group similarity

Within-group Discriminability



1 Introduction

According to social identity theory, a person’s social identity depends on the similarities
and differences (e.g., in locality, race, or language) between that person and other people.
Based on these similarities and differences, a person categorizes herself and similar
others as in-group members and different others as out-group members (Turner, 2010).
This categorization is thought to contribute to the maintenance and enhancement of social
identity (Abrams & Hogg, 1990; Tajfel & Turner, 1979), which is thought to be critical for a
successful group life (Lau & Cikara, 2017). However, such categorizations can lead to
social effects such as in-group bias, stereotyping, dehumanizing outgroup members,
(Bruneau, 2018; Harris & Fiske, 2006; Haslam & Stratemeyer, 2016; Kersbergen &
Robinson, 2019), and perceived outgroup threat (Lantos et al., 2020; Pickett & Brewer,
2001; Riek et al., 2006; Turner et al., 1987; Wilson & Hugenberg, 2010), which in turn
facilitates different positive or negative behaviors towards the individual, like
discrimination, aggression (Rai et al., 2017; Workman et al., 2020), or empathy (Han,
2018; Ruckmann et al., 2015; Vanman, 2016).

These behavioral effects are likely to be related to neural representations of the people
one interacts with, specifically the impact of an individual’s group membership on their
neural representation. Previous studies have revealed the impact of group membership,
for example, on the neural responses evoked when observing people interacting socially,
(Katsumi & Dolcos, 2018; Molenberghs et al., 2016) or experiencing pain (Shen et al.,
2018). Faces of people from one’s own social group were shown to evoke different neural
responses compared to faces of another social group, whether the groups were based on
race, (Cunningham et al., 2004; Farmer et al., 2020; Hart et al., 2000, p. 202; Phelps et
al., 2000) or arbitrary cues (Contreras-Huerta et al., 2014; Krautheim et al., 2018; Van
Bavel et al., 2008). However, the neural correlates of the perceived similarities and
differences between members of a person’s own and other social groups, a key

component of social categorization, are still unknown.

1.1 Aim of the Thesis
The three experiments we conducted for this thesis aimed to: a) Test previously

established group-based measures of perceived group homogeneity and compare them
with individual-based measures. b) Establish a pairwise-comparison-based behavioral



measure of perceived similarity between social group members, in order to directly
compare similarities in perception with similarities in brain activation. c¢) Find which brain
regions reflect changes in perceived similarities induced by social categorization are
involved in changing the perception of the similarity between newly encountered persons.
d) Find which brain regions show activation patterns that reflect the behaviorally recoded

perceived similarities between persons.
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2 Study 1: Replicating Previous Measures of Group Homogeneity

2.1 Introduction
Since the 1950s, there has been an interest in quantifying perceived group homogeneity

and studying the psychological framework underlying stereotyping and discriminatory
actions against outgroups. (G. M. Gilbert, 1951; Karlins et al., 1969; Katz & Braly, 1933)
One of the theoretical frameworks, called Optimal Distinctiveness Theory (ODT),
originated from Marilyn Brewer’s work in the 1990s and postulates that individuals oscillate
between two primary drives. The first is the Assimilation need, and the second is the
Differentiation need (Brewer, 1991). Assimilation refers to the motivation to be included in
a social group, while differentiation is the desire to have clearly differentiated social
groups. The theory builds on the social identity theory, and the experiments done by
Brewer show that the level of assimilation to a group and the level of group differentiation
can affect the social identity (Brewer & Pickett, 1999; Pickett & Brewer, 2001).

2.1.1 Measures of Group Homogeneity

There are multiple measures of group homogeneity with variable consistency. Ostrom &
Sedikides (1992) discussed seven tasks that have been used since the inception of social
categorization theory in the 1970s. Although the meta-analysis demonstrated that
outgroup homogeneity was measurable across different traits, social groups, and
experimental paradigms, it also highlighted the variability in results with different tasks and
the nature of the social group, whether it was a Natural Group or a Minimal Group (Ostrom
& Sedikides, 1992). In our first experiment, we attempted to compare two previously
established tasks, namely the Percentage Estimate Task (PER) and the Similarity task
(SIM), which are based on group-level judgments, with a new task, the Rating Group
Members Task (RGM), which is based on individual-level judgments. The similarity task
directly measures group homogeneity, where groups with high perceived similarity among
their members are considered homogeneous. While PER task uses stereotypes as a
proxy for homogeneity, where groups with a majority of members hold stereotypes typical
of this group and only a few members hold nontypical stereotypes (for more information
about SIM and PER, see Boldry et al. (2007). An example of typical stereotypes could be
being “logical” for Natural science students or being “creative” for Arts and Humanities
students.
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2.1.2 Trait Relevance and Typicality

It is essential to note that since social categorization is a result of similarities and
differences in certain traits, the nature of the social category itself determines which
personal traits are relevant to it and which are irrelevant. According to the prototype theory
by Rosch & Lloyd, 1978, each social category should have central (or prototypical)
members with certain diagnostic traits that perfectly describe the social group. The
diagnostic traits are then “essential” and “relevant” to the social group. Any individual who
is categorized as belonging to a particular social group must possess these diagnostic
traits to a certain extent. Although Medin & Schaffer suggested that people categorize
based on stored exemplars rather than prototypes (central examples) in their Exemplar
theory (Medin & Schaffer, 1978), both theoretical frameworks agreed that for any social
category, there are relevant traits that define the members who belong to the category.
Therefore, the social categorization of an individual is influenced more by “relevant” traits
than by “irrelevant” traits (E. R. Smith & Zarate, 1990; E. R. Smith & Zarate, 1992).

Applying this to the categorization of students, we can claim that in our case (during
the summer of 2022 in Bonn, Germany, where the political atmosphere is not overly
charged), the political orientation of the students is less relevant than how much a student
is “logical” and “evidence-oriented” in inferring the group membership of the student. As
we will show, natural science students were perceived to be more logical than Arts and
Humanities students. However, we cannot assume that trait relevance is binary, as some
seemingly irrelevant traits could still be perceived to be indirectly relevant. For example,
being a Natural science student might affect a student’s lifestyle, eventually resulting in
the tendency of natural science students to be overweight. In this case, it would be easier
to infer that an overweight student is a Natural science student in comparison to a lean

student.

2.1.3 Effect of the Grouping Paradigm

Natural groups like Study fields have some inherited problems that experimenters cannot
control. Some confounders, such as participants’ prior knowledge about the group or their
familiarity with group members, can influence the perception of group members

unexpectedly. For instance, if we ask an Arts and Humanities student to rate the perceived
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group homogeneity of natural science students, a previous interaction—either positive or

negative—with natural science students could bias the rating.

An alternative option to using a natural group like “Study Field” is to use a minimal
group paradigm. This is where experimenters create new experimental social groups in
the lab and assign participants randomly to one of the groups. The minimal group
paradigm was first introduced by (Tajfel et al., 1971) and has since then been used in
social experiments to measure perceived group homogeneity. It was also used in fMRI
experiments to compare neural activation between ingroups and outgroups, as it offers
several advantages over natural groups. Minimal group paradigms provide a more
controlled environment for testing social group perception and intergroup interactions,
since minimal groups are devoid of associated stereotypes. The minimal group paradigm
can be used to construct a “mixed group paradigm,” in which each minimal group
comprises members from multiple natural groups. The mixed group paradigm has been
used recently in neuroscience experiments to distinguish effects related to natural groups
from effects associated with social categorization into ingroups and outgroups (Cao et al.,
2015; Feng et al., 2011; Holyoak & Morrison, 2012; Van Bavel et al., 2008).

Unfortunately, minimal group paradigms are more challenging to implement, as they
require training of participants to remember the group membership of each person, as in
Van Bavel et al., 2008. In addition, a meta-analysis conducted by Mullen & Hu, (1989) and
a review by Ostrom & Sedikides, (1992) concluded that the outgroup-homogeneity effect
is less evident in experiments that used minimal group paradigms. For these reasons, we

opted to use a natural group paradigm.

2.1.4 Social Categorization Versus Stereotype Application

When discussing social categories and stereotyping, it is essential to distinguish between
two distinct processes. The first one involves categorizing an individual into a social group
based on certain traits observed in that individual. The second is stereotype application,
in which people first know the group membership of a specific individual, and then they
start associating a previously established stereotype about the social group with the
individual. This distinction between the two processes was proposed as dual-process

models of person perception, which argue that both bottom-up (trait-driven) and top-down
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(social category-driven) processes contribute to social judgments (Bin Meshar et al., 2021;
Freeman & Ambady, 2011; Stolier & Freeman, 2017).

In social categorization (the bottom-up process), people would infer the social category
of the individual after learning the different traits of this person. For example, in an
experimental paradigm, when showing a video of an individual to participants where the
subject doesn’t explicitly mention their membership to a specific social group but instead
shows some specific physical features (e.g. specific tattoos, head veil, overweight, etc.)
or behavioral traits (e.g. eco-awareness, interest in sports, creativity, etc.) participants
could infer certain social categories of the individual. An example of an experimental
paradigm that triggers the top-down process of stereotype application would be one in
which participants see a video of an individual who explicitly says that they belong to the
“physics students” group. Stereotype application would be assuming that the individual
also possesses other traits prototypical of “physics students”. In short, social
categorization starts by learning traits of an individual, while stereotype application starts
by knowing the group membership of the individual. It's not uncommon that both

processes happen simultaneously while the participants learn more about the individual.

2.1.5 Social Category Salience

Individuals are naturally categorized into multiple social groups (Crisp et al., 2010), for
example, a Natural science student could also belong to the groups of “young people”,
‘educated people”, “environment-friendly people”, “football team X supporters”, etc.
Although any individual is a member of tens of social groups, only a few social categories
are salient at a time (Dovidio et al., 2006). This depends on the context, for example, in a
football match, the social category of being “football team X supporter” is more salient,
while in a political discussion, belonging to the group of “environment-friendly people” or
“‘educated people” becomes more salient than other group memberships. This is why, in
an experimental paradigm, it's important to control which social group membership is

salient.

2.2 Study Aim
This study aimed to replicate the experiment done by Pickett & Brewer (2001) in which

they measured the influence of assimilation and differentiation needs on the perceived
ingroup and outgroup homogeneity. More specifically, we wanted to replicate the influence
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of inducing social identity threat on perceived out-group homogeneity. Additionally, our
second goal was to test and compare various measures of perceived group homogeneity.
We aimed to determine whether group-level judgments are representative of judgments
of individuals who belong to the same group. Because our participants were not familiar
with the members of the ingroup and outgroup, we didn’t expect that individual-specific
information about group members would bias the individual-based ratings of perceived

group homogeneity or stereotypicality judgments of members.

2.3 Hypotheses
2.3.1 Hypothesis 1

Ratings of the similarity in personality and social skills, and ratings of stereotypicality, will

be significantly higher for the outgroup than for the ingroup.

2.3.2 Hypothesis 2
The stereotypicality ratings of a group will be positively correlated with the stereotypicality

ratings of individual group members.

2.3.3 Hypothesis 3

An induction of a social identity threat will result in significantly higher perceived group
homogeneity for both ingroup and outgroup compared to control conditions.

More specifically, we divided the third hypothesis into two parts. First, we tried to
reproduce the analysis done by Pickett & Brewer (2001) to point out possible differences.
The hypothesis 3.1 was thus:

Participants who received a social identity threat intervention will rate the ingroup and
outgroup higher in terms of similarity and percentage estimates on stereotype-relevant
and -irrelevant traits than participants of the control condition (no threat).

The second part of the third hypothesis involved the adapted study design to prepare for
the fMRI study. We used a pre vs. post study design to account for interpersonal
differences in ratings. To include this design in the analysis, our hypothesis 3.2 was:
Participants who received a social identity threat intervention will have a bigger change in
ratings of similarity and stereotypicality from before to after the intervention than

participants in the control condition (no threat).
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2.4 Study Design
The study used a between-subjects design. We recruited Natural Science students (NAT)

and Arts and Humanities students (AH) and asked them to fill out an irrelevant
questionnaire supposedly measuring some self-attributes. At the same time point, we
asked them to rate the perceived ingroup and outgroup homogeneity using the group-
level tasks from Pickett & Brewer’s study (stereotypicality and similarity tasks) and our
new individual-based task. The participants were split into the Identity threat group and
the Control group. Participants in the threat group were told that their score in the
questionnaire was very different from the scores of their ingroup while in the control group
participants were told that their scores were similar to their ingroup. In both conditions,

participants conducted the three tasks before and after the identity threat intervention.

2.5 Pretesting
We decided to replicate Pickett & Brewer (2001) as much as possible, so we started by

replicating the pretesting survey among bachelor students. We conducted the pretesting
online in German for Bachelor students all over Germany. Firstly, we wanted to ensure
that participants from both groups perceived students of Arts and Humanities and students
of Natural Sciences as two distinct groups. Secondly, in the pretesting questionnaire,

participants reported which three study fields represented each group.

2.5.1 Questionnaire

In the questionnaire, we asked participants how strongly they identify as either Arts and
Humanities (AH) or Natural Science (NAT) students. Then they selected from a list of 11
NAT-related and 28 AH-related study topics the top three study topics that they considered
stereotypical of each study field. We also asked them to indicate from a list of 100
attributes from academic, personal, social, and general aspects, for example,
“‘lernbegierig”, “kreativ” or “gierig” the most stereotypical characteristics associated with

each study field.

2.5.2 Participants

We collected data online from 36 bachelor students all over Germany.

2.5.3 Results
We selected the top three study topics that were chosen by at least half of the participants
i.e. 18 participants to be stereotypical of the study field. We used a cutoff of 50%, meaning
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that we only considered study topics and traits that were selected by more than half of the

participants.

2.5.3.1 Stereotypical Study Topics
The two most typically rated study fields for each group were used for the recruitment of
participants for the video recordings that were used as the experiment stimuli (illustrated

below).

2.5.3.2 Stereotypical Traits

The top four traits that were chosen by more than 50 % of the participants for each group
were considered stereotype-relevant traits for that group. Stereotype-relevant traits for
each group simultaneously served as counter-stereotypic traits for the respective other
group. There was no overlap in the chosen traits for the groups, ensuring the distinctive
difference in prototypic perception of the groups and consensus in terms of the group
stereotypes. Traits that were chosen zero times by neither of the groups were considered

stereotype-irrelevant traits for both groups.

Table 1: List of typical study fields and stereotype-relevant and -irrelevant traits for AH and NAT study fields as
assessed in the Pretesting Study. Typical study topics and stereotype-relevant traits were chosen by more than 50%
of the participants. Stereotype-irrelevant traits were chosen zero times by neither of the groups.

Study field Arts and Humanities Natural
science

Typical study topics Politics Chemistry
History Physics
Philosophy Biology

Stereotype-relevant Creative Disciplined

traits Social Logical
Expressive (Wortgewandt) Analytical
Sociable (Kontaktfreudig) eager to learn

Stereotype-irrelevant Greedy

traits Passive
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2.6 Materials & Methods

2.6.1 Stimuli

2.6.1.1 Introductory Videos

Eleven German bachelor students recorded short videos of themselves. In each video,
each of the eight students depicted in our stimuli mentioned their study field, and which
group they categorized themselves into i.e. either “Natural Science” or “Arts and
Humanities” and then explained why they considered themselves as members of this
social group. They were required to identify themselves with the respective group and to
sign a consent form and data protection agreement. The recordings were held on the
videoconferencing platform Zoom (Zoom Inc.). The participants were required to wear a
monochrome t-shirt, preferably in white or grey. The participants were asked to place
themselves in front of a white wall and to hold their device such that their face was
positioned in the middle of the screen. The participants were not wearing, head or face
accessories, they had no visible tattoos or any symbol representative of other social

groups (e.g., religious marks). The videos were motion stabilized.

2.6.1.2 Color Portraits
We took a color photo of each of the eleven students before or after recording the video.
The participants were asked to hold a neutral facial expression. The portraits showed the

students’ faces, part of their T-shirts, and the white background.

2.6.2 Social Groups

We opted for a natural group, which we called “Study Field” which could be either “Natural
Science” (NAT) or “Arts and Humanities” (AH). These two social groups played a key role
in our experiment. We recruited participants who only belonged to either one of the social
groups. Also, our stimuli and the experimental tasks focused on rating members of these

social groups.

2.6.3 Experimental Tasks:

2.6.3.1 Self-Assessment Questionnaire (SAQ)

The SAQ consisted of several attributes on which participants were asked to rate
themselves (e.g., physical attractiveness, discipline, leadership abilities). Participants

were also asked to rate the level of confidence in their ratings of these attributes. (A copy
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of the SAQ is included in Appendix 11.1) Participants were led to believe that their score
in the SAQ task provided important information about their insight into their capabilities.
Since SAQ requires participants to rate their abilities relative to those of other students,
this context would increase the attention paid to the relative differences between
themselves and other students, allowing for comparison between their scores and those
of their ingroup and outgroup. This, in turn, would influence the perceived social identity
and perceived social group homogeneity. We intentionally wanted to confuse the
participants about how SAQ scores were calculated, so that they couldn’t guess their

actual scores and would not lose confidence in the results we provided.

2.6.3.2 Similarity Task Questionnaire (SIM)

This questionnaire, which was used before in some experiments, e.g., in Pickett & Brewer
2001 is based on group-level judgement of social groups. In the questionnaire,
participants are asked to rate on a 7-point Likert scale the similarity between all the
members of a certain group in a certain trait or a dimension. In our case, we asked about
the similarity of group members to each other in a) Personality and b) Social skills. The
similarity task is a direct and explicit measure of the similarity of group members across
dimensions such as personality or social life (Park & Judd, 1990). The exact questions we
asked were:
“Wie ahnlich denken Sie sind Geisteswissenschaftsstudent*innen /
Naturwissenschaftsstudent*innen beztiglich lhrer Personlichkeit / sozialen Fahigkeiten

zueinander?”’

2.6.3.3 Percentage Estimate Task (PER)

From the pretesting, we formulated a list of 10 traits, four of which were stereotypical of
NAT students, four were stereotypical of AH students, and two were not stereotypical of
any of the groups. Park and Judd (1990) and later researchers considered that rating a
group to have a high percentage of stereotypical traits, for example being analytical or
seeking knowledge for Natural Science students, and low percentage of counter-
stereotypical traits, to be representative of high perceived group homogeneity (Park &
Judd, 1990; Boldry, 2007). Therefore, in the PER task, we asked participants to rate each
group on four stereotypical and four counter-stereotypical traits, in addition to two neutral

traits. We asked participants to rate how many members of each of the two groups they
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expect to have the 10 traits. The participants answered on a scale from 0% to 100%,
where 0% means that no members in the group possess trait X and 100% means that all

members of this group possess trait X.

2.6.3.4 Rating Group Members (RGM) Task

This task consisted of 11 trials (one trial for each presented student). In each trial, the
participants were shown a photo of each group member and the group to which the
individual belonged. Afterwards, the photo disappeared, and we asked the participants to
indicate the group membership of each student. Then the participants were asked to rate
how well stereotypic, counter-stereotypic, and stereotype-irrelevant traits described the
student whose portrait was shown. The rating was done on a five-point scale ranging from
1 (not at all) to 5 (very much). The used traits were the same as in PER. The question

asked was: “Wie sehr beschreiben die folgenden Adjektive die gezeigte Person”.

2.6.3.5 Group ldentification Questionnaire

This questionnaire consisted of 16 questions to measure participants’ identification with
their social group, adapted from Pickett & Brewer 2001. In this questionnaire, participants
were asked to indicate how much they agreed with the shown statements about their
group membership on a six-point scale ranging from A (strongly disagree) to F (strongly
agree). We used a letter-based scale similar to that described by Pickett and Brewer
(2001). Examples of the statements for Natural Science students were, “Ich bin sehr
interessiert daran, was andere uUber Naturwissenschaftsstudent*innen denken.”, and
“‘Wenn ich Uber Naturwissenschaftsstudent*innen spreche, sage ich ublicherweise “wir”

statt “sie”. Four questions out of the 16 were reverse-scored.

2.6.3.6 Mood Scale Questionnaire

The mood scale that participants were asked to complete was a version of (Watson et al.,
1988) positive and negative affect scale (PANAS). Twenty-eight items were included in
order to measure the valence of participants’ mood (positive or negative) and also the
level of arousal produced by the manipulations (high or low). Participants were asked to
rate to what extent they feel each of these emotions by using a 1 to 10 scale ranging from
(I) do not feel this way at all to (10) feel this way extremely.
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2.6.3.7 Manipulation Check Questionnaire

We asked the participants whether they personally knew any of the students whom we
presented in the experiment. Additionally, because our intervention involves deception,
we asked participants about their suspicions regarding the SAQ feedback or any other
aspect of the experiment. The questions included feedback about the participants’ own
scores or the scores of the ingroup and the outgroup. With this, we checked whether our
manipulation was perceived as we intended. We also asked how the participants
perceived the study itself, what they thought the purpose of the study was, and whether
they perceived anything odd or suspicious in the study. The questionnaire consists of eight

questions in total (see Appendix 12.12).

2.6.3.8 Demographics Questionnaire
standard demographic questions about participants’ gender, age, study field, and highest

degree of education

2.6.4 Experimental Conditions

We manipulated the SAQ score results to produce a social identity threat condition or a
no-threat condition. However, there were two experimental factors that we had to account
for in our paradigm. First, the Ingroup status, which is a relative measurement of the status
of the ingroup in comparison to the outgroup. The ingroup status could influence the
perceived perception of group homogeneity (Ostrom & Sedikides, 1992; Pickett & Brewer,
2001). This was found, for example, in majority vs minority group judgements of perceived
group homogeneity. For the SAQ, having a higher score means that individuals have
better insight and understanding of themselves. For this reason, the group that had a
higher average SAQ score was considered to have a higher status group in comparison
to the other group. The second factor was Within-group status, which is the status of the
participant in comparison to the average status of their ingroup. Thus, within-group status
would be high if the participant’s SAQ score is higher than their group average, regardless
of the status of the group itself. Vice versa, low within-group status would be when the
SAQ score of the participant is lower than their group average. Within-group social status
could also influence the perception of social identity and social group homogeneity. Having
multiple factors, we tried to counterbalance these factors by creating six experimental

conditions as follows: three conditions with high ingroup status a) identity threat with high
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within-group status, b) identity threat with low within-group status, and c) control condition

(no identity threat). The three other conditions followed the same logic, but with having a

low ingroup status.

Table 2: shows the experimental conditions in Study 1. The experiment included six conditions. The SAQ feedback for

each condition is shown in the corresponding cell.

High ingroup status

Low ingroup status

Social High within-group status: High within-group status:

Geisteswisssenschafts- Naturwisssenschafts-
. . Naturwisssenschafts- Geisteswisssenschafts- . *
Identlty th reat student*innen stud;nt*innen t studentinnen studentinnen

(Ihr Ergebnis)

U

2

a3 A3 53
(Ihr Ergebnis)

|

Participant’s score: 76 Participant’s score: 48

Ingroup average: 62 Ingroup average: 34

Outgroup average: 34 Outgroup average: 62
Social Low within-group status: Low within-group status:
. . . . Gei i 1schafts- Naturwisssenschafts-
Identlty th reat Natum|issenschaﬂs- e . Rk student*innen stu‘dent*innen

student*innen student*innen

H 6 /

Bl 48 =3

ii‘hr Ergebnis‘)
Participant’s score: 48
Ingroup average: 62

Outgroup average: 34

as 3

iy n
(Ihr Ergebnis)

Participant’s score: 20
Ingroup average: 34

Outgroup average: 62

Control Control within-group status: Control within-group status:
Naturwisssenschafts- Geil ch: Gei i 1schafts- Naturwisssenschafts-
student*innen student*innen student*innen student*innen
H pt

62

Participant’s score: 61
Ingroup average: 62

Outgroup average: 34

) 61 ic
(Ihr Ergebnis)

62

= as b2

33
(Ihr Ergebnis)

Participant’s score: 33

Ingroup average: 34

Outgroup average: 62
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2.6.5 Participants

A total of 41 (28 female, 13 male) participants were recruited for the study through social
media and academic groups. Requirements for participation were an identification with
one of the investigated groups and a signed consent form. Among the participants, 33
belonged to the group AH and 8 to the group NAT. The mean age was 25-26, with a total
range from 19 to 39 years. Most of the participants (N = 22) were undergraduate students,
while the others were postgraduate students. Five participants had already finished with

their master’s (4) or doctor’s (1) degrees.

2.6.6 Experiment Flow (Procedure)

2.6.6.1 Introduction

The experiment was conducted entirely online in the following manner. After recruitment,
participants received a personal ID and URL to access the online study over Qualtrics
(Qualtrics, Provo, UT). They were asked to enter a personal ID at the beginning of the
experiment. Participants were told that the study investigates the perception of Arts and
Humanities Students and Natural Sciences Students. The participants were then told

about the study flow.

2.6.6.2 Pre-Intervention Phase

The participants filled out the Mood Scale Questionnaire and the Group Identification
Questionnaire to assess the level of ingroup identification before moving on to the SAQ.
Afterward, they were shown the Introductory Videos of in- and outgroup members as well
as law students. The videos were preceded by labels that indicated to which group the
following member belonged. They then proceeded to the first set of homogeneity
measures (SIM, PER, and RGM). The participants completed the SIM task followed by
the PER Task, once for the ingroup and once for the outgroup. Following that, the

participants conducted the RGM task for ingroup, outgroup, and control students.

2.6.6.3 Intervention (SAQ feedback)

After completing the first set of homogeneity measures, the participants were shown their
SAQ score as a single number, along with a description of how students who belonged to
either the AH or NAT groups performed. In all six experimental conditions, we told the

participants that the scores of ingroup students and outgroup students were clearly
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different. We employed a between-subjects experimental design, in which the participants’
personal scores and the average scores for the ingroup and outgroup were manipulated
to produce one of the six conditions for each participant. The scores were shown in
numbers and a graphical (histogram) presentation to clearly depict the difference between
the participant’s score and ingroup and outgroup scores. The experimental conditions are
shown in Table 2. Additionally, the participants were instructed to take their time reading
the feedback, as the presentation of the feedback would also serve as a break during the
study. We expected that this approach would allow the information to settle in, and more
time would have passed since answers were given for the first set of measures, enabling

participants to have as little memory as possible of their previous answers.

Ihr SAQ-Ergebnis: 48

Naturwissenschaftsstudent*innen haben im Durchschnitt ein Ergebnis von 34 im SAQ. Die
Ergebnisse reichen durchschnittlich von 30 bis 43.

Vorhergegangene Studien haben gezeigt, dass ein grofer Aspekt indem sich
Naturwissenschaftsstudent™innen von Geisteswissenschafisstudent®innen unterschieden, ihr
Ergebnis im SAQ ist. Wie unten abgebildet, ist das Durchschnittsergebnis fur
Naturwissenschaftsstudent*innen 34, wahrend das durchschnittliche Ergebnis far
Geisteswissenschaftsstudent®innen 62 ist. Die Ergebnisse bei
Geisteswissenschaftsstudent®innen reichen normalerwsise von 53 bis 66.

Durchschnitt von Naturwissenschaftsstudent®innen: 34
Durchschnitt von Geisteswissenschafisstudent®innen: 62

Naturwissenschafts- Geisteswissenschafts-
student*innen student*innen
42

43 5.
{ihr Ergebnis)

Figure 1: An example of the intervention (SAQ feedback) where NAT group is shown to have a lower status than AH
group. The participant is a NAT student, so they had a low group status and a high within-group status. Since the
participant’s score is not similar to the average score of their ingroup, this condition is considered an “Identity Threat”
condition.

2.6.6.4 Post-Intervention Phase
After reading the feedback forms, the participants were shown the introductory videos
again and proceeded to the second set of homogeneity measures. The second set of

homogeneity measures consisted of the same three questionnaires (SIM, PER, and RGM)
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but in a different order, with randomized presentation of the traits. Finally, the participants
were asked to complete the Mood Scale Questionnaire again, answer a simple
demographic questionnaire, and complete the Manipulation Check Questionnaire. We
asked whether any participant knew any of the individuals shown in the videos personally

- this was never the case. The study took approximately 70 minutes to complete.

2.6.7 Measures

2.6.7.1 Perceived Group Similarity

For each participant, the perceived group similarity in terms of personality and social skills
for the ingroup and outgroup was assessed both before and after the intervention,

resulting in a total of 8 variables per participant.

2.6.7.2 Perceived Group Stereotypicality
For each participant, perceived group stereotypicality equals the average percentage of
the four stereotypical traits minus the average percentage of the four counter-stereotypical

traits. There was one value for the AH group and one for the NAT group.

2.6.7.3 Group Stereotype-Relevant Score
For each participant, we calculated the average percentage of the four stereotypical traits
from RGM Task ratings. This resulted in eleven scores, one for each student presented in

the introduction videos.

2.6.7.4 Group Stereotype-lrrelevant Score
For each participant, we calculated the average percentage of the two stereotype-
irrelevant traits from the RGM Task ratings. This resulted in eleven scores, one for each

student presented in the introduction videos.

2.6.7.5 Individual Stereotypicality
We obtained eleven ratings from each participant, one for each student in the introductory
videos. It was calculated similarly to Group stereotypicality by subtracting the average

score of counter-stereotypical traits from stereotypical traits.

2.6.7.6 Group Ildentification Level
We calculated the score from the group identification questionnaires from the 16

questions. Then we did a median split based on the identification score, where each
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participant was classified either as a “Low ldentifier” or a “High Identifier”. The number of

participants for the median split was 26 due to the exclusion criteria.

2.6.7.7 Mood Scale Ratings

The 28 adjectives used in the Mood Check Questionnaire were categorized into four
dimensions based on the 2D valence-arousal model: positive valence—high arousal,
positive valence—low arousal, negative valence—high arousal, and negative valence—low
arousal. Each category contained seven traits. The average ratings were then calculated

for each category.

2.7 Data Analysis
2.7.1 Analysis Software

The raw data for the present study were acquired using Qualtrics (Qualtrics, Provo, UT)
and processed using MATLAB version 9.10.0 (R2021a; The MathWorks Inc., Natick,
Massachusetts) to create the dependent variables. The statistical tests were conducted
using JASP (JASP Team, 2020, version 0.14.1) and SPSS (IBM Corp., 2020, IBM SPSS
Statistics for Windows, Version 27.0, Armonk, NY: IBM Corp.).

2.7.2 Data Preprocessing

Because we were interested in ingroup vs outgroup perception, and our participants were
from both Natural Science and Arts and Humanities groups, we had to rearrange the
measurements. For participants studying natural sciences, e.g., Biology or Physics,
ratings about the NAT group or students were considered ingroup ratings. On the other
hand, ratings about the AH group or students were considered outgroup ratings. The same
logic was applied to measurements collected from students studying Arts and Humanities
topics, e.g., History or Politics. The next step was checking for data normality. Before
conducting statistical tests for each hypothesis, the assumptions for each planned test
were checked. Therefore, assumptions of normality via the Shapiro-Wilk test and
assumptions of equality of variances via Levene’s test were conducted before hypothesis

testing.

2.7.3 Mood Check Questionnaire

First, we conducted a bivariate Shapiro-Wilk test to test for the normality of the
distributions. The test showed that data of negative valence-positive arousal and negative
valence-negative arousal possibly originated from a non-normal distribution (W=0.924,
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p=0.009; W=0.936, p=0.024, respectively). So, we chose to perform a non-parametric test

(Wilcoxon signed-rank test).

2.7.4 Hypothesis 1

After discovering a discrepancy between our similarity task and Pickett and Brewer 2001,
we excluded the ratings of similarity in social skills. This is because, in the original study,
they asked the participants to rate the similarity in “Social Life”, not “Social Skills”. Shapiro-
Wilk Test showed a significant departure from normality for similarity ratings of the
personality, and stereotypicality ratings as assessed in the Percentage Estimate Task (W
=0.880, p <.001; W =0.904, p = 0.002, respectively). Assumptions were met for the non-

parametric Wilcoxon signed-rank test.

2.7.5 Hypothesis 2

Not all of our 41 participants managed to recall the group membership of the individual
students. Therefore, we used an exclusion criterion where we excluded participants who
failed to identify at least two members (out of 4) in each group. The number of participants
included was 23 (16 females), with a mean age of 25.8 years. Because we were interested
in the correlation between PER results and RGM results, we conducted Shapiro-Wilk tests
for bivariate normality. The test revealed that the distributions of ingroup ratings of PER
and RGM significantly depart from normality (W = 0.828, p = .001). On the other hand, the
distributions for outgroup ratings were derived from a normal distribution (W = 0.964, p =
0.553). Since some of the distributions were not normally distributed, we opted to use

Kendall’'s Tau test to measure the correlation.

2.7.6 Hypothesis 3

To test whether inducing social identity threat influences perceived outgroup homogeneity.
As we tried to replicate the experiment done by Pickett & Brewer (2001) as closely as
possible, we only included Arts and Humanities students We also excluded participants
who expressed suspicion in SAQ scores feedback and participants who did not recall their
SAQ score within a 5-point range and participants who did not perceive the two groups to
be different to each other in SAQ scores. In total, we had 26 Arts and Humanities students
included, all were bachelor’s degree students or recent graduates. We conducted the data
analysis in two methods. The first method was done by replicating what Pickett & Brewer

did. However, because we also have pre-intervention measurements, we thought that we
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might have more comprehensive data to adjust for inter-individual differences in pre-

intervention ratings.

2.7.6.1 Hypothesis 3.1

Outlier Detection and Data Exclusion: We examined the data for outliers by eye to
determine whether data from some participants could have biased our parametric
statistical test. To detect outliers, we created boxplots for our dependent variable values.
A total of 8 outliers in the similarity ratings and 11 outliers in the percentage ratings were
visible in the boxplot diagrams. We looked for any patterns in answers that could indicate
that exceptionally low or high ratings were not valid. For example, if all ratings had a value
of 3, independent of ingroup or outgroup ratings. Individual assessment of the participant’s
ratings showed no such patterns in the ratings. Additionally, some of these participants
indicated in the manipulation check questionnaire their interest in the study. The outliers
were thus included in the analysis. To replicate Pickett & Brewer’s 2001 analysis, we used
only post-intervention ratings from PER, SIM, and RGM tasks. Pickett & Brewer (2001)
performed analyses of variance on their data and used the type of intervention (threat vs.
no-threat), ingroup status (high vs. low), and identification level (high vs. low) as fixed
factors and separately, the similarity and percentage ratings as repeated measures
dependent variables. Due to our low number of participants, we were unable to perform
the same analysis and therefore had to exclude the ingroup status as a fixed factor.
Assumption Testing for Two-Way ANOVA: First, we tested whether the assumptions of
two-way ANOVA were met. PER and SIM observations were independent, the
independent variables (2 x 2 ANOVA factors) were categorical, and the dependent
variables (PER and SIM ratings) were continuous. However, we needed to test the two
assumptions of the two-way ANOVA test. First, the Normal distribution of data, using the
Shapiro-Wilk test, and second, the homogeneity of variance for each combination of
tested groups using Levene’s test. Shapiro-Wilk Tests were significant for ingroup
similarity ratings on the personality dimension from participants of the no-threat condition
(W=0.775, p =.007) and for outgroup similarity ratings on the personality dimension from
participants of the threat condition (W = 0.858, p = 0.018), rejecting the normality
assumption. All other combinations of the groups were statistically not significant in the
Shapiro-Wilk Tests, i.e., the samples most likely derived from a normal distribution. We

used Levene’s test to test for homogeneity of variance. Levene’s test was conducted on
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each combination of the groups of the independent variables. A comparison of the threat
vs. no threat condition revealed significant results in outgroup ratings for the Similarity
Task and the Percentage Estimate Task on stereotype-relevant ratings (F = 7.047, p =
0.014; F =7.271, p =0.013, respectively). The variances in these ratings under threat vs.
no threat conditions were thus statistically not homogeneous.

Statistical Test Selection: Because similarity ratings of personality violated the two
assumptions of the two-way ANOVA, we performed a non-parametric two-way factorial
design based on the Kruskal-Wallis with a Schreier-Ray-Hare extension for the Similarity
Task. Data from PER and RGM were analyzed with a two-way repeated-measures
ANOVA.

Analysis: We used a 2 (condition: threat vs. no-threat) x 2 (group identification: low vs.
high) multifactorial design to test for the effect of identity threat and group identification on
Similarity Ratings in the personality dimension. This was done for the ingroup and the
outgroup separately. For Percentage Estimate ratings, we used a 2 (condition: threat vs.
no-threat) x 2 (group identification: low vs. high) x 2 (stereotype relevance: relevant vs
irrelevant) multifactorial analysis of variance with repeated measures on the factor
stereotype relevance since these ratings were derived from the same participant. This

was done for ingroup and outgroup data separately.

2.7.6.2 Hypothesis 3.2

For our own analysis, we wanted to adjust for baseline ratings in all tasks (pre-intervention
ratings). So, our tests had to be pairwise comparison tests. Our dependent variables were
similarity ratings in personality and group stereotypicality scores as calculated from the
PER task before and after the intervention. The ratings were separated into ingroup and
outgroup ratings and threat vs. no threat conditions, resulting in four data distributions for
each measure.

Assumption Checks: First, we tested for the normality of each data distribution. The
Shapiro-Wilk test was only significant for ingroup and outgroup ratings of similarity in
personality in the no-threat group (Ingroup: W = 0.781, p = 0.008; Outgroup: W = 0.774,
p = 0.007).

Statistical Test Selection: We performed a single-factor ANOVA (threat vs. no threat)
followed by a non-parametric post-hoc test (Kruskal-Wallis test) for SIM task ratings. For

group stereotypicality ratings, we conducted an ANCOVA with identity threat as a fixed
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factor and group identification score as a covariate. Then the ANCOVA was followed by a
post-hoc test for PER stereotypicality scores.

Change in Ratings: For the two groups we had (Identity threat vs. no-threat), we
subtracted pre-intervention ratings from post-intervention ratings for both SIM and PER
tasks. Our new measures represent the change in ratings from before to after the
intervention. We had two measures: a. change in similarity ratings of personality, and b.
change in group stereotypicality.

Assumption Checks for Differences: Shapiro-Wilk Tests showed a significant deviation
from normality for the change in SIM task ratings for ingroup and in the no-threat condition
(Ingroup: W = 0.781, p = 0.008; Outgroup: W = 0.774, p = 0.007). Similarly, stereotype-
relevant ratings of the outgroup from the PER task in both conditions were significant in
the Shapiro-Wilk test (Threat: W = 0.850, p = 0.013; No-Threat: W = 0.761, p = 0.005).
Therefore, we conducted non-parametric Mann-Whitney U tests on all comparisons to

better compare the resulting data.

2.8 Results:
2.8.1 Manipulation Check

In the Manipulation check questionnaire, participants were asked to recall their own SAQ
score and the average SAQ score of the ingroup and the outgroup. 90.24 % of the
participants recalled their own score within 5 points of error. While only 82.93 % and 73.17
% of the participants recalled the average ingroup and outgroup scores, respectively,
within 5 points of error, most of the participants (95,12 %) also recalled their relative score
in comparison to both ingroup and outgroup averages. In addition, 36 participants (87,8
%) correctly recalled the relative group status of the ingroup relative to the outgroup. In
general, the results suggest that the participants paid attention to the information given on
the SAQ feedback form. Participants who did not recall the group’s average SAQ scores
as different from each other (N=5) were excluded from the analysis of the manipulation
effect. Generally, outgroup averages were recalled by fewer participants than ingroup

averages or their own scores.

2.8.2 Mood Check Questionnaire
Mean mood rating post-intervention ranged from 2.129 (SD = 1.756) for the negative
valence-high arousal dimension to 5.174 (SD = 1.036) for the positive valence—low
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arousal dimension. Wilcoxon signed-rank tests showed a significant increase in positive
arousal-related emotions: Negative valence-positive arousal emotions and positive
valence-positive arousal emotions showed a significant increase after the intervention
(respectively: W=498, p=0.01; W=485, p=0.017). The participants generally reported

higher ratings for positive valence adjectives than for negative valence adjectives.

2.8.3 Group ldentification

A median split of the average score of each participant in the group identification
questionnaire was performed to classify participants into high or low identifiers. The
median across all participants (N = 41) on the 6-point scale was 4.0, with a mean value of
3.9 (SD = 0.732). After the median split, we had 21 low identifiers and 20 high identifiers.

2.8.4 Hypothesis 1

We tested this hypothesis only using pre-intervention data so that participants could
express their general perception of the ingroup and outgroup before we manipulated their
sense of social identity through the SAQ test feedback. Wilcoxon-signed rank showed that
similarity ratings in personality were significantly higher for the outgroup than for the
ingroup (W= 69.0, p= 0.009). Then again, the participants rated the group stereotypicality
of the outgroup to be higher than the group stereotypicality of the ingroup (W=150,
p=0.002), see Figure 3. Overall, the results showed significantly higher perceived
similarity in personality of outgroups compared with ingroups and significantly higher
perceived outgroup stereotypicality in comparison with ingroups. Therefore, hypothesis 1

was confirmed.
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Figure 3: Post-intervention ratings of similarity in personality and group stereotypicality. The left subplot shows the
average similarity ratings of personality for ingroups and outgroups, with the error bar indicating standard error. The
right subplot shows calculated group stereotypicality for both ingroup and outgroup. The Perceived Group
Stereotypicality was calculated as the difference between the average ratings on stereotypical traits minus the
average rating on counter-stereotypical traits.

2.8.5 Hypothesis 2

For the correlation analysis, only participants who recalled at least two individuals from
each group correctly were considered (N = 23). Correlation testing suggests that the
Group stereotypicality of the ingroup (calculated using the PER task) positively correlated
with the average stereotypicality of the ingroup individuals (calculated using the RGM
task). Significant correlation (Tb= 0.486, p < 0.001). However, group stereotypicality of the
outgroup did not significantly correlate with the average stereotypicality ratings of the
outgroup individuals (Tb= -0.148, p = 0.836). Therefore, our second hypothesis was only
confirmed for ingroups, where individual-level stereotypicality positively correlated with

group-level stereotypicality.
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Figure 4: Correlation between the average Individual-based Stereotypicality calculated from the RGM task and Group-
based Stereotypicality calculated from the PER task. Each dot indicates the calculated rating from one participant
(n=21).

2.8.6 Hypothesis 3

2.8.6.1 Hypothesis 3.1
In hypothesis 3, we tested whether social identity threat induced perceived out-group
homogeneity. We used post-interventional ratings in the first iteration of hypothesis 3 (3.1)

to be as close to the analysis done by Pickett & Brewer (2001).

2.8.6.1.1 Similarity Ratings of Personality:

Table 3: Descriptive statistics of Similarity Ratings of Personality (SIM) divided into four relevant groups (2 threat
conditions vs. 2 group identification statuses).

Condition Number Similarity in personality
Mean (Standard Deviation)
Ingroup Outgroup
Threat / High identifier 8 6.9 (2.6) 7(1.9)
Threat / Low identifier 8 5.6 (1.8) 5.5 (2.6)
No-threat /High identifier 5 7.8 (0.8) 7.8 (0.8)
No-threat /Low identifier 5 5.4 (2.7) 7 (0.7)

For ingroup ratings, the analysis included two factors: Identity Threat (no threat vs. threat)
and Group Identification (high identifier vs. low identifier). Results revealed a significant
main effect of group identification, F(1,22) = 4.305, p=.050, indicating that high identifiers
(mean =7.34) reported higher ingroup similarity compared to low identifiers (mean = 5.50).
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The main effect of identity threat was not significant, F1,22) =0.158, p=.695, suggesting no
difference in perceived similarity between the no-threat and threat conditions. Additionally,
the interaction between identity threat and group identification was not significant, F(1,22)
=0.427, p=.520, indicating that the relationship between identity threat and in-group
similarity did not depend on the level of group identification.

For outgroup ratings, results of the two-way ANOVA indicated that the main effect of
Identity Threat was not significant, (F(1,22=2.3, p=0.14), suggesting no difference in out-
group similarity between the no-threat and threat conditions. Similarly, the main effect of
Group Identification was not significant, F(1,22) = 2.3, p=0.14. Additionally, the interaction

between Identity Threat and Group Identification was not significant, F(1,22)=0.216, p=0.65.

The Schreier-Ray-Hare extension on the Kruskal-Wallis test was performed to assess
the effect of identity threat and group identification on the similarity ratings for the ingroup
and outgroup. The results were significant for the effect of group identification on ingroup

similarity ratings only (H(1) = 4.65, p = 0.03)

Percentage Estimate Task (PER) Ratings: A repeated measures ANOVA was conducted
to examine the effects of Stereotype Relevance (relevant vs. irrelevant), Identity Threat
(no threat vs. threat), and Group Identification (high identifier vs. low identifier) on in-group
similarity ratings. The analysis included within-subjects effects for stereotype relevance
and its interactions and between-subjects effects for identity threat, group identification,
and their interaction.

Within-Subjects Effects: The analysis revealed a significant main effect of Stereotype
Relevance, F(1,22)=92.851, p<.001. However, no other significant main effects were found.

In addition, all of the interactions between the factors were not significant.
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Figure 5: Descriptive statistics comparing PER results of stereotype-relevant vs. stereotype-irrelevant traits. The figure
shows that participants reported higher in-group similarity when the stereotype was relevant (e.g., M=73.70,
SD=7.087 (for high identifiers in the no-threat condition) compared to when the stereotype was irrelevant (e.q.,
M=33.30, SD=15.283) for high identifiers in the no-threat condition). The trend of higher ratings under relevant
stereotypes was consistent across threat and group identification levels.

These results indicate that Stereotype Relevance significantly affects ingroup similarity
ratings, but its interactions with Identity Threat and Group Identification do not reach

statistical significance.

In conclusion, using a similar hypothesis testing to the original study by Pickett &
Brewer 2001, we did not find a significant effect of Identity threat in both SIM and PER
tasks for ingroup or outgroup ratings. Therefore, we could not replicate the finding of Picket
& Brewer 2001 that participants who were exposed to social identity threat perceived the

outgroup to be more homogenous than control participants.

2.8.6.2 Hypothesis 3.2

With our study design, we adopted a within-subject design to measure the change in
similarity ratings of personality and group stereotypicality ratings from before to after the
intervention. Therefore, in the second iteration of hypothesis 3 (3.2), we tested whether
participants who received a social identity threat intervention showed a bigger change in
ratings of similarity and stereotypicality from before to after the intervention than
participants in the control condition (no threat). In order to measure that, we subtracted
pre-intervention measures from post-intervention measures and used the
differences/changes in measures as our dependent variables.

Change in Similarity Ratings of Personality (SIM Task): The change in scores was
analyzed using ANOVA with Identity Threat as a factor. The ANOVA revealed that the main
effect of Identity Threat approached significance ( F1, 23) = 3.65, p = 0.068), suggesting a
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trend toward a difference in change scores between the no-threat and threat conditions.
The Kruskal-Wallis test showed a marginal effect but not a statistically significant effect on
Identity Threat (H(1) = 3.566, p = 0.059).
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Figure 6: The change in similarity ratings of personality. The left subplot exhibited a small decrease in
ingroup similarity ratings (M =-0.3, SD = 0.8, N = 10), while participants in the Threat condition showed an
increase (M = 1.1, SD = 2.1, N = 16) with greater variability in the threat condition. For outgroup ratings of
similarity, the ANOVA revealed no significant main effect of Identity Threat (F1, 23 = 0.140, p = 0.711),
indicating that changes in outgroup similarity ratings were not significantly different between the no-threat
and threat conditions. Kruskal-Wallis Test confirmed no significant effect of Identity Threat (H¢) = 0.012, p =
0.913).

Change in Perceived Group Stereotypicality (PER Task): For ingroup stereotypicality
ratings, the ANCOVA revealed no significant main effect of Identity Threat, F(1,23)=0.04,
p=0.84, or group identification score (F1,23=0.27, p=0.6) indicating that changes in
ingroup stereotypicality ratings were not significantly different between the no-threat and
threat conditions. A post-hoc t-test revealed no significant difference between the no-threat
and threat conditions (t=0.2, pHom=0.85). For outgroup stereotypicality ratings, the
ANCOVA revealed no significant main effect of Identity Threat, F1,23=0.63,p=0.43, or
group identification score (F1,23=2.27, p=0.14) indicating that changes in outgroup
stereotypicality ratings were not significantly different between the no-threat and threat
conditions and didn’t depend on the level of group identification. Post-hoc t-test revealed
no significant difference between the no-threat and threat conditions (t=-0.8, pHoim = 0.43).
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Figure 7: The change in Perceived Group Stereotypicality for ingroup (left subplot) and outgroup (right
subplot) in the No-threat and Threat conditions. There was a small but highly variable decrease in perceived
stereotypicality ratings of the ingroup in the no-threat condition (M = -2.3%, SD = 7%, N = 10), and in the
threat condition (M = -3%, SD = 11%, N = 16). Similarly, a small and highly variable decrease was found in
perceived outgroup stereotypicality in the no-threat condition (M = -4.3%, SD = 8.6%, N = 10) and threat
condition (M = -1.5%, SD = 9%, N = 16).
In conclusion, using a different analysis method where we subtracted pre-intervention
ratings of ingroup and outgroup, we found an effect of identity threat on perceived ingroup
and outgroup homogeneity. However, this effect was limited only to the similarity ratings
of personality for the ingroup. This showed that compared with the control condition,
participants under social identity threat changed their views of their own group and
perceived its members to be more similar in personality.
Overall, we couldn’t confirm hypothesis 3, which postulated that social identity threat
should increase perceived outgroup homogeneity, which is a prediction of ODT theory and

was previously reported by Pickett & Brewer 2001.

2.9 Discussion
This study aimed to replicate and extend prior findings on perceived group homogeneity,

with a specific focus on how social identity threat influences perceived similarity and
stereotypicality within and between social groups. Using a modified version of the
paradigms introduced by Pickett and Brewer (2001), we aimed to evaluate the validity of
group-based versus individual-based measures of group homogeneity and to assess their

responsiveness to identity threat interventions.



37

2.9.1 Summary of Main Findings

The study’s hypotheses were tested through a combination of group-level (PER and SIM
tasks) and individual-level (RGM task) measures.

Hypothesis 1, which predicted higher similarity and stereotypicality ratings for the
outgroup compared to the ingroup, was partially supported. Participants rated the
outgroup as significantly more similar in terms of personality and more stereotypical than
the ingroup. However, this effect did not extend to social skills, likely due to methodological
divergence from the original “social life” framing used in Pickett and Brewer’s study.
Hypothesis 2 posited a positive correlation between group-level and individual-level
stereotypicality ratings. Results supported this for the ingroup, but not for the outgroup,
suggesting that aggregated group judgments may not reliably reflect perceptions of
individual outgroup members. These findings challenge assumptions that group-level
measures are sufficient proxies for individual-based cognition and align with previous
literature (Ostrom & Sedikides, 1992; Park & Judd, 1990) that highlights the variability of
results based on the chosen measure.

Hypothesis 3, which explored the effect of social identity threat on perceived group
homogeneity, yielded mixed results. Although descriptive trends hinted at increases in
perceived homogeneity under threat, statistical tests (ANOVA and nonparametric
alternatives) revealed no significant differences between the threat and control groups.
Neither ingroup nor outgroup stereotypicality ratings changed meaningfully as a result of
the social identity threat, and the level of group identification did not moderate these

effects.

2.9.2 Interpretation and Theoretical Implications

These findings partially replicate core effects in the social perception literature, particularly
concerning outgroup homogeneity and the non-equivalence of group-based and
individual-based judgments. The observed lack of significant effects for identity threat may
reflect limitations in the strength or believability of the manipulation. In addition, because
the experiment was conducted online, the participants might not have been emotionally
involved in the experimental paradigm sufficiently to the degree of feeling identity threat.
Importantly, our results highlight the role of measurement type in influencing the observed
effects. For instance, group-based measures appeared more sensitive to general

stereotypes, while individual-based measures were less consistent, especially for the
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outgroup. This difference should drive researchers to make a distinction between

individual-based and group-based measures.

Moreover, our inability to replicate all findings from Pickett and Brewer (2001)
underscores the contextual and cultural variability of social psychological effects. We
conducted our experiment 21 years after the original experiment. In addition, our sample—
limited to Arts and Humanities students from Germany—may differ from prior populations
in meaningful ways (e.g., the salience of academic identity, cultural norms, and previous
beliefs about the NAT and AH study fields around intergroup judgment), which may have
affected the strength of the identity threat.

As mentioned before, previous social psychology work relied on tasks asking
participants to rate the group as a whole. However, asking about specific individuals within
the group might deviate ratings toward these individuals, making them more salient or,
worse, leading to complete individualization where participants rate individuals
independently of the group. On the other hand, judging the group as a whole, particularly
in natural groups, introduces unmeasurable confounders. It becomes difficult to determine

what participants are thinking of when rating the group as a whole.

2.9.3 Methodological Considerations and Limitations

Several methodological factors warrant consideration. First, our pre-intervention ratings
helped control for individual baseline differences, yet this design diverged from previous
work and may have influenced the overall comparability of results. Second, although we
preserved much of the original study design, some adaptations (e.qg., different phrasing in
similarity tasks, and sample characteristics) may have diluted the effect of the
manipulation. Third, the small sample size, particularly after applying strict inclusion

criteria (e.g., manipulation check pass, accurate recall), reduced the statistical power.

2.9.4 Future Research Directions

Future studies could build on these findings by (1) increasing the emotional salience of
the identity threat manipulation, (2) incorporating longitudinal or repeated exposure
designs to assess the persistence of homogeneity perceptions over time, and (3)
expanding the sample to include more diverse participant pools (e.g., cross-cultural or
mixed-discipline groups). Moreover, neuroimaging approaches, such as those planned for
subsequent studies in this thesis, offer promising avenues to explore the neural correlates
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of perceived group homogeneity and stereotype processing. This could help uncover
whether individual-level neural responses reflect the divergence observed between group-

and individual-based ratings.

3 Study 2: Behavioral Study Inducing Social Categorization

3.1 Introduction
3.1.1 Group Perception from a Similarity Perspective

Previous literature on outgroup homogeneity and current neuroimaging research on social
perception converge on an important aspect: “similarity in representations.” Since Tajfel
and Turner’s introduction of social categorization and social identity theories, the concept
of homogeneity has been used to describe how similar group members are perceived to
be. More generally, identifying with an ingroup depends on perceived similarities between
oneself and the group members. From this perspective, social categorization can be seen
as a way of clustering similar stimuli together and distancing dissimilar ones. Perceived
group homogeneity, therefore, becomes a specific case where social group members are

perceived as highly similar along a dimension, such as personality traits.

3.1.2 Behavioral Pairwise-Similarity Task

Building on Pickett and Brewer’s (2001) dimensions of personality, social life, and physical
appearance, we adopted a pairwise similarity task. This task, which was used by Tsantani
etal., (2021), involved participants rating individuals relative to one another across specific
dimensions. The Pairwise-similarity task allowed us to quantify in more detail how similar

group members were perceived to be relative to each other.

3.1.3 Representing Persons as Stimuli

However, since the concept of a “person” is so general, it would be difficult for the
participants to think of every aspect of an individual when judging them. To address this,
we developed a neuroimaging task focused on the group membership of the individuals
who were being judged. We ensured participants received limited, group-related
information about individuals to avoid making certain members more individualized.
Representing a “person” as a stimulus posed a challenge, as we sought to avoid

overemphasizing specific traits (Freeman & Ambady, 2011).
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3.1.4 Faces as a Representation of Persons

For our task, we chose to show participants the faces of the students as they offer the
most direct representation of individuals (Yankouskaya et al., 2014) Still, confounders
such as gaze, facial expression, and screen position must be controlled (Jack & Schyns,
2015). Additionally, viewing a face does not guarantee that participants think about the
‘person behind the face.” Therefore, we incorporated a task emphasizing group
membership for each face to ensure participants were cognitively engaged with this

aspect (Castello et al., 2021).

3.1.5 Networks Rather Than Regions

Recent advancements in understanding brain functioning suggest there cannot be a
dedicated “brain region for each stimulus category” since multiple regions are typically
involved in experimental tasks (Bressler & Menon, 2010; Carrington & Bailey, 2009; Davis
et al., 2014; Haxby et al., 2001) For example, studies have identified brain networks like
the default mode network, where certain regions function together during specific tasks
(Bahrami et al., 2023; Tang et al., 2023; Yao et al., 2015). Neuroimaging studies now focus
on neural activation patterns in response to different stimuli rather than on distinct brain
regions, which is particularly relevant when dealing with stimuli of the same nature (Popal
et al., 2020; Weaverdyck et al., 2020).

3.1.6 Activation Patterns of the Faces and Associated Information

Moreover, presenting faces activates regions responsible for human face processing and
general visual processing (Baseler et al., 2014). Literature indicates we should not expect
different brain regions to activate for different faces, but rather distinct activity patterns
within the same regions (Collins et al., 2016; Collins & Olson, 2014; Kriegeskorte et al.,
2007) This aligns with our expectation of consistent neural activation but distinctive
patterns for each face, reflecting unique social and emotional associations. For instance,
information about group membership can influence how faces are processed in the brain
(Van Bavel et al., 2008, 2011)

3.1.7 Difficulties in Measurement of Perceived Group Homogeneity.
From this point on, we had to decide whether we should focus on our experimental
paradigms on ingroup vs outgroup perception, or on social group perception in general.

We had many reasons to choose to focus on social group perception in general. First of
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all, out-group homogeneity seemed to be highly variable between measures and contexts.
Several factors were shown to influence perceived group homogeneity, for example, the
group status of the participant and the group under judgment (Boldry et al., 2007;
Karasawa et al., 2004; Lorenzi-Cioldi, 1993). Personal motivations of the participant, e.g.,
according to optimal distinctiveness theory, the need for assimilation or differentiation, and
these personal motives are also influenced by within-group status (Pickett & Brewer,
2001).

3.1.8 New Study Aim: Focus on the Task

Since there was no previous measure of social group perception using individual-level
questions, we decided that it's more important to establish a neural measure that
correlates well with our new individual-based behavioral measure (pairwise similarity) and
could map the perceived similarities between individuals of a social group whether the
group was perceived to be homogenous or not. By this means, we could search for brain
regions that show a similarity map in activation patterns that correlate with the behavioral
task. In other words, we wanted to develop a behavioral measure of perceived similarity
between individuals that could be used to measure all kinds of social groups over any
dimension. This brain network, if consistent across multiple dimensions of group-relevant
individual characteristics (Whether stereotypical traits or counter-stereotypical traits), e.g.,
personality, social life, academic life, etc., for Study Field-based groups, could shed light
on which neural networks are responsible for social categorization, stereotyping, and

comparing persons.

3.2 Study Design and Experimental Procedure
In this study design, differences in activity patterns induced by two faces remain stable

unless influenced by new information, such as group membership. After viewing two faces
a second time with new group-related information, changes in activity patterns could be
attributed to cognitive or emotional associations, such as threat or dislike toward specific

groups.

3.2.1 Stimuli
3.2.1.1 Introductory Videos

We used eight videos out of the eleven we recorded. For the sake of simplification, we

only included videos of Natural Science students (four videos) and Arts and Humanities
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students (four videos), but not the videos of law students, because law students were not
reported to belong to either NAT or AH groups in the pretesting we conducted earlier. This
is to reduce the number of new persons whom participants need to learn about from
eleven to eight. This was also to simplify the comparisons that the participants needed to
do, so they only needed to indicate the similarity between persons from two groups rather

than three.

3.2.1.2 Color Portraits
The same color portraits that we used in Study 1. The portraits were used in the Group

Membership Recall Task (explained in detail in the “Tasks” section).

3.2.1.3 Cropped Greyscale Faces

Eight screenshots were extracted from each student video, then we converted them to
grayscale images, and only the faces and hair of individual students were kept in the
images and everything else was replaced with a black background. The images were then
grayscaled and matched in average luminance and contrast using the SHINE toolbox
(Willenbockel et al., 2010) on Matlab 2022a the same procedure as was done by (Castello
et al. 2021). Then the face images were rescaled across the diagonal direction so that all
images had a similar squared diagonal length in pixels. We included different facial
expressions in the images. So, out of the eight images, we made sure that there was at
least one image showing the student looking at the camera directly, another one showing

the student looking away from the camera, and another image showing the student talking.

3.2.2 Tasks
3.2.2.1 Pairwise Similarity Task

The Pairwise similarity task (Tsantani et al., 2021) consisted of two runs, each one
comprised of 56 trials. In each trial, we showed two faces of the eight subjects side-by-
side and asked the participants to indicate the level of similarity between the two faces on
one or more dimensions. In the first run, the similarity dimension was “physical facial
features” and in the second, we asked about two dimensions, namely, “personality” and
“social life”. Because we had eight persons, there were 28 possible combinations of any
two persons; one person’s face is shown to the right and one to the left. And because we
wanted to remove any effect of the face position, we repeated the 28 combinations of
persons with a switched position. The stimuli used were the cropped greyscale faces. For
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each person viewed, we chose one face per trial randomly from a pool of four cropped
faces to represent the person. As mentioned before, the faces were rescaled to have 1000

pixels along the diagonal axis without changing the aspect ratio of the images.

3.2.2.2 Meet the Students Task

In this task, participants viewed eight videos out of the 11 introductory videos we used in
Study 1. We only included videos of the four NAT and four AH students. In these videos,
the students introduced themselves. Each student mentioned their study field and the

reasons why they chose this field.

3.2.2.3 Group Membership Recall Task

This was an essential task in which we tested participants’ knowledge of the group
membership of the eight students. In this task, the participants first watched a “Memory
board” which showed color portraits of members of each group (four in each group). The
participants were told to take the time they needed to memorize the group membership of
each person. Next, the participants watched the color portrait of each one of the eight
students one after the other in a random order and they were required to indicate the
group membership of the person they see by pressing right or left keyboard arrows. After
answering the test for the eight students, the participants were informed whether they had
made mistakes or not. If they answered correctly then they had to do a second round of
the test correctly in order to finish the task. However, if the participant had made at least
one mistake in the first or the second round of the test, they were required to start the task
from the beginning by watching the “Memory board” again and they were asked to finish
two rounds of the recall test in order to finish the task. There was no limit on the number
of times the participants could repeat the task. However, no participant passed the task

except after answering the recall test correctly two times in a row.

3.2.2.4 Group ldentification Questionnaire

We used the exactly the same questionnaire as in Study 1.

3.2.2.5 Group Similarity Task (SIM)

In Study 2 and Study 3 we used the same task as in Pickett and Brewer (2001). However,
we corrected the mistake made in Study 1, so instead of asking participants to rate the
similarity of the students in “Social skills,” we asked them to rate their similarity in “Social

life.” So, In Studies 2 and 3, we asked participants to rate the similarity between group



44

members of Natural Science Students and Arts and Humanities students in “personality”

and “social life”. The task was only performed after the intervention.

3.2.2.6 Percentage Estimate Task (PER)

The participants performed the same task as in Study 1, but only after the intervention.

3.2.3 Experiment Flow

The experiment was done on a Windows 10 laptop using custom Python code in
PsychoPy version 2022.1.1 (Open Science Tools, 2022). Participants finished the
experiment in around 40 to 60 minutes, according to their pace. For scale-based tasks,
the scale marker was always shown first in the center (at number four for a 7-point Likert
scale (which was used in SIM and pairwise similarity task) and between “D” and “E” for
Group ldentification Task) and the scale marker was presented in grey as “inactive”. In
order to make a choice, participants were instructed that they must move the scale marker
to the right or left first to make it active (the marker turned red). So, even if the participant
wanted to choose the rating “4” in the pairwise similarity task, they had to move the marker
right or left first to make it active, then choose the number “4”. This restriction was imposed
to prevent participants from exploiting the task by just pressing enter to pass to the next

slide without thinking enough about the task.

3.2.3.1 Pre-Intervention Phase

Participants first completed the Group identification Questionnaire, then they performed
the pairwise similarity task, rating the similarity in “physical facial features” between each
of the eight students in 56 slides. After that, participants conducted the pairwise similarity

task again rating the similarity between students over “personality” and “social life”.

3.2.3.2 Intervention

The participants conducted the Meet the Students Task and then completed the Group
Membership Recall Task. As mentioned earlier, participants had to repeat the recall task
until they correctly recalled the group membership of the eight students twice

consecutively.

3.2.3.3 Post-Intervention Phase
Directly after the intervention, participants repeated the pairwise similarity task exactly as
they had done before. Because the faces for each person were chosen randomly from a

pool of faces. We couldn’t control that the post-intervention images were exactly the same
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as the pre-intervention images. After that, participants performed the similarity task (SIM)
in personality and social life. Then they performed the Percentage Estimate Task (PER)
as in Study 1 where they rated both groups on four stereotypical traits, four counter-

stereotypical traits, and two stereotype-irrelevant traits.

3.2.4 Measures

Post-intervention similarity values were computed for personality and social skills
dimensions, separately for ingroup and outgroup faces, following the same method as in
Study 1. Additionally, post-intervention group stereotypicality was calculated, yielding
one value per group, also using the approach from Study 1. Perceived within-group
similarity (WG) was defined as the average similarity rating between each pair of faces
belonging to the same group. In contrast, perceived between-group similarity (BG) was

defined as the average similarity rating between pairs of faces from different groups.

3.3 Hypothesis 1
We hypothesized that revealing the group membership of the eight students (the

intervention that we hoped would induce social categorization) would lead to an increase
in perceived within-group similarity and a decrease in perceived between-group similarity.
This should be manifested as significantly higher within-group similarity ratings than
between-group similarity ratings in personality and social life dimensions, but not in

physical facial features.

3.4 Pilot Experiment
3.4.1 Participants

We conducted a pilot experiment online using Zoom software (Zoom Video
Communications, 2022) in which we shared the screen of the experiment PC with the
participant and they were able to control the experiment PC and give their answers. We
recruited 16 participants in May and June 2022 for the pilot experiments. Unfortunately,
because of bugs in our code, we could not record the pre-intervention pairwise similarity
ratings from all the subjects. In addition, we excluded six participants because of missing
answers. So effectively, we had ten participants: six Arts and Humanities students and
four Natural Science students. The participants were German bachelor students from all

over Germany.



3.4.2 Data Analysis

From the pairwise similarity task for each participant, we obtained 16 between-group
similarity ratings and 12 within-group similarity ratings (eight ratings of within-group
similarity for ingroup and outgroup). So, from each pairwise similarity task for 10
participants, we had 160 between-group similarity values and 120 within-group similarity
values. Descriptive statistics of the data showed high skewness of the data distribution,
especially in similarity ratings of “physical facial features”. So, we conducted the Shapiro-

Wilk test to assess data normality for the three post-intervention pairwise similarity tasks

we conducted.
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Figure 8: Similarity ratings of the eight students in physical facial features were right-skewed in both similarity types;
WG and BG Similarity ratings of the two other traits (personality and social life) were also skewed but not as strongly.

Table 4: Results of the Shapiro-Wilk test conducted on post-interventional WG and BG similarity ratings of the eight

students over the three traits measured.

Task Dimension Similarity Sample size w p-value
type
WG 120 0.928 <.001




47

Physical facial BG 160 0.941 <.001
features

WG 120 0.964 .003
Personality

BG 160 0.955 <.001

WG 120 0.968 .006
Social life

BG 160 0.969 .001

This showed that all the ratings from the three tasks were not normally distributed. We
conducted three linear mixed models to test hypothesis 1 over the three traits measured.
For each trait, we conducted a linear mixed model with ratings as a dependent variable
and one fixed effects factor (similarity type: within-group similarity vs. between-group

similarity). Subject ID was added as a random effect.

3.4.3 Results

Linear mixed effects models showed a significant main effect of similarity type in the
dimensions tested F(1,14.7)=12.1, p=0.003; F(1,9)=7.59 p=0.022; F(1,9)=6.12, p=0.035
for physical facial features, personality, and social life. Within-group similarity ratings were
consistently higher than Between-group similarity ratings in all three dimensions we
tested. Higher within-group similarity than between-group similarity indicates that
participants categorized the students into two groups after the intervention. Participants
rated students who studied the same study field (whether they are AH or NAT students)
to have similar personalities and social lives, while they rated students who studied
different study fields to be less similar to each other. Surprisingly, participants also
reported social categorization over the physical facial features dimension. This indicates
that participants reported that Natural Science students looked physically similar to each
other and Arts and Humanities students looked like each other. Unfortunately, we couldn’t
test whether this was also the case before the intervention or not. So, we couldn’t conclude
that this pattern of social categorization is only the result of our intervention and not caused

by an actual similarity inherent in our stimuli.
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Figure 9: Post-interventional similarity ratings in physical facial features a), personality b), and social
life c). After knowing the group membership of the eight students. Participants reported that the
similarity between AH and NAT students was significantly lower than the average within-group
similarity in AH and NAT groups. Meaning that they perceived students of each group to have similar
facial features, personality, and social life and both groups to be different from each other.

3.5 Main Experiment
3.5.1 Participants

We conducted a behavioral experiment over two days in Bonn EconLab, Bonn Germany
(Bonn EconLab, 2023). 23 Bachelor students 15 NAT and eight AH students. The
participants included 11 males and 12 females with an average age of 22.39 years old.
Notably, seven participants indicated that they considered themselves as members of

minority groups.

3.5.2 Study Design

The experiment was conducted on computers using PsychoPy software and followed a
within-subject design. The following tasks were included in the experiment, group
identification questionnaire, pairwise similarity task, and Meet the Students Task. The
experiment flow was as follows; first, participants were received at the EconLab and were
instructed briefly about the experiment. Then the participants conducted the Group
Identification Questionnaire, followed by the Pairwise Similarity Task. After that, we
introduced the students to the participants using the Meet the Students Task and tested
their memory using the Group Membership Recall task. Finally, the participants repeated

the Pairwise Similarity Task.

3.5.3 Data Analysis
As was done in the pilot study, between-group similarity ratings and within-group similarity

ratings were separated, and we pooled each type of similarity ratings together. We
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collected data from 23 participants, each one reported 16 between-group similarity ratings
and 12 within-group ratings for each pairwise similarity task. Since we performed the task
before and after the intervention, there were in total six tasks per subject. So, for 23
subjects, we had eventually 368 between-group ratings and 276 within-group ratings. We
show a descriptive table of the data in Table 5. First, we tested for data normality using

the Shapiro-Wilk test. It showed all data groups significantly deviated from normality.

Table 5: Descriptive statistics of all the six pairwise similarity tasks conducted (3 traits x 2 time points) in addition to
the results of the Shapiro-Wilk test on each group of results (within-group ratings (WG) vs. Between group ratings
(BG)). BG ratings are by nature more than WG ratings, resulting in an unbalanced design. Shapiro-Wilk test was
significant for all data groups meaning that no data group was normally distributed.

Dimension Time Similarity | Sample Mean | SD W p-value

type size Statistic

Physical facial Pre WG 276 3.58 | 15| 0.96 <.001

features BG 368 3.19 (13| 0.97 <.001

Post WG 276 3.77 | 15| 0.95 <.001

BG 368 3.36 | 14| 0.96 <.001

Personality Pre WG 276 399 [ 1.3 ]| 0.97 <.001

BG 368 394 |12 ] 0.98 <.001

Post WG 276 43 | 13| 0.97 <.001

BG 368 34 | 13| 0.95 <.001

Social life Pre WG 276 41 | 13| 0.97 <.001

BG 368 3.98 (13| 0.97 <.001

Post WG 276 423 1.3 ] 0.97 <.001

BG 368 349 | 13| 0.97 <.001

Then, we conducted a repeated measures ANOVA to test whether the pairwise similarity
ratings changed from before to after the intervention. We created one separate model for
each of the three dimensions we tested, physical facial features, personality, and social

life.

3.5.3.1 Dissimilarity (Distance) Values
In order to convert the 28 similarity ratings for each pairwise similarity task into a visual
map, we first converted the similarity value into distance values. We did that by reverse

coding the similarity value where a similarity of “7” becomes a dissimilarity of “1” and a
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similarity of “1” becomes a dissimilarity of “7”. The dissimilarity values were then used as
Euclidean distance to draw a map of how distant each person is perceived to be in
comparison to another. However, since we have eight persons, any dissimilarity matrix D
requires a seven-dimensional Euclidean space to be visualized perfectly. So, in order to
visualize the dissimilarity matrix geometrically in only two-dimensions, we used a classical
multi-dimensional scaling (MDS) implemented in MATLAB function “cmdscale” . cmdscale
function generates six-dimensional distance matrices, the number of dimensions in the
generated matrix equals the rank of matrix B, where B is the inner product matrix of the
input dissimilarity matrix (Gower, 1966; Torgerson, 1952, 1959). This number of
dimensions is also the minimum number of dimensions in which the dissimilarity distances
could be represented. We then used dissimilarity values from the first two dimensions to
draw an approximation of the dissimilarity maps in two-dimensional spaces. For more

information about MDS calculation, see (Seber, 1984).

3.5.4 Results
3.5.4.1 Hypothesis 1

Physical Facial Features: The repeated measures ANOVAs for physical facial features
showed significant main effects for Time (pre- vs. post-intervention) (F(1,275) = 6.25 p=
0.013) and for Measurement type (Within-group vs Between-group similarity ratings)(type
F(1,275)= 45.86 p<.001) but no significant effect of the interaction between Time and
Measurement. Post-hoc t-tests showed that within-group and between-group similarity
ratings did not significantly change from before to after the intervention (t = -1.65, pHom =
0.106; t = -1.95, prom = 0.106).



51

4.6 - OBetween-group similarity @ Within-group similarity
4.4 —
42—
4 —
3.8 —
3.6
3.4 -

3.2

3,

Pre Post

Time

Figure 10: shows the average similarity ratings in Physical facial features of the eight newly encountered students
whom the participant viewed. Before knowing the group membership of the students, there was no significant
difference between WG and BG similarity ratings. This didn’t change after the intervention as WG and BG didn’t
change significantly from before to after the intervention.

Personality: The repeated measures ANOVAs for personality showed significant main
effects for Measurement type (F(1,275)= 55.26, p<.001) and Time*Measurement type
interaction (f(1,275) = 43.8, p<.001). Post-hoc t-tests showed that within-group similarity
ratings increased significantly from before to after the intervention (t = -3.168, pHom =
0.003) while between-group similarity ratings decreased significantly (t=4.888,
PHoim<.001).
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Figure 11: Shows the average similarity ratings in personality of the eight newly encountered students whom the
participant viewed. Before knowing the group membership of the students (Pre) the WG and BG similarity ratings
were very similar. So, no social groups were formed, i.e. no clustering of students. However, after the intervention,
there was a significant decrease in perceived BG similarity prHom<.001 that distinguished the two groups from each
other, and a significant increase in WG similarity ratings pHom=003 which resulted in clustering of each group.

Social Life: The repeated measures ANOVA for social life showed significant main effects
for Time (F(, 275 = 5.718, p=0.017), Measurement type (F(, 275y = 33.85, p<.001), and
Time*Measurement type interaction (F, 275) = 17.716, p<.001). Post-hoc t-tests showed
no significant change in within-group similarity ratings from before to after the intervention
(t =-1.272, pHom = 0.409) while between-group similarity ratings decreased significantly
(t=4.863, pHoim<.001).
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Figure 12: shows the average similarity ratings in social life of the eight newly encountered students whom
the participant viewed. Before knowing the group membership of the students (Pre), the WG and BG
similarity ratings were very similar. So, no social groups were formed, i.e., no clustering of students.
However, after the intervention, there was a significant decrease in perceived BG similarity, pHolm<.001,
that distinguished the two groups from each other and a slight increase in WG similarity ratings, which
also helped the clustering of each group.

3.5.4.2 Mapping the Perceived Group Topology

The MDS we conducted generated six dissimilarity maps, one for each combination of
time point (pre- vs. post-intervention) and task (similarity in physical facial features,
personality, or social life). When comparing the pre-intervention dissimilarity maps of
personality and social life to post-intervention maps, we noticed a striking change in
perceived group topology. As presented in Figure 13, there was an obvious reorganization
of the dissimilarity maps in personality and social life after revealing the group membership
of the students. Since the students only talked about their group membership, we can
assume that the content of the videos was the cause to the change in perceived group
topology. Social Categorization is shown in post-interventional dissimilarity maps of
personality and social life. This can be viewed as clustering (small dissimilarity) between
members of the same social group and large dissimilarity in ratings between students who

belong to different social groups.
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Figure 13: Visualization of the dissimilarity maps in physical facial features, personality, and social life of the
eight students before and after the intervention. The maps were generated using classical multidimensional
scaling, so they are approximations of the actual maps. Each dot represents one student where blue dots
are the four Natural Science students and the red dots are the four Arts and Humanities students. Here the
dissimilarity is represented as Euclidean distance so a larger distance between any two points means that
these two students were perceived to be dissimilar from each other. The maps show clear social
categorization patterns (small WG distances and large BG distances) in similarity ratings of personality and
social life after the intervention which wasn'’t there before the intervention. Dimensions 1 and 2 represent the
two spatial dimensions X and Y (distances between Likert-scale based ratings) see 3.5.3.1

3.6 Discussion
This study investigated how individuals perceive the similarity between persons in the

context of social categorization. Rather than focusing on group-level constructs such as
homogeneity, the research centered on person-level similarity judgments influenced by
the presence of group membership information. Specifically, it asked: How does knowing

someone’s academic group (Natural Sciences vs. Arts & Humanities) influence
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participants’ judgments of how similar two people are to one another? We used the
pairwise similarity task as an indirect method to construct a map of the social group’s
topology. The main difference between this task and previous measures is that
participants are asked about individual group members in comparison to other group
members. This avoids too general judgments of groups using the group-based tasks and
avoids rating of individuals in an abstract way as what was done in RGM task we used in
study 1. The results demonstrated that group information significantly shaped perception
of group members. Participants perceived greater similarity between individuals who
belonged to the same academic group after knowing the group membership of the
individuals. This aligns with theoretical accounts of social categorization as a cognitive

clustering mechanism (Tajfel & Turner, 1979)

3.6.1 Interpreting the Influence of Group Cues

By employing a pairwise similarity task, this study moved beyond abstract group-level
constructs to quantify how people compare individuals to each other making it possible to
construct perceived similarity maps along different dimensions. Importantly, the
participants had minimal information about the persons beyond the face images and their
academic group. This limited exposure underscored the power of our intervention and

established the intervention to be causal in the social categorization process.

3.6.2 Relevance to Neuroscientific Models of Person Perception

The study’s design is particularly valuable as it lays groundwork for future neuroimaging
research aimed at mapping perceived person-to-person similarity onto brain activity
patterns. Rather than assuming categorical processing at the group level, this approach
allows researchers to examine representational similarity between individuals as encoded
in neural networks. This opens new possibilities for identifying the brain mechanisms

underlying social judgments, stereotypes, and even discriminative behavior.

3.6.3 Methodological Strengths and Constraints

This study’s key strength was the careful control of stimulus features: facial images were
standardized (grayscale, cropped, luminance-matched), and participants were prevented
from over-individuating stimuli by limiting extraneous information. This helped to isolate
the impact of group membership information on perceived similarity without confounding

perceptual variability. Still, there were several limitations that deserve consideration. The
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binary group manipulation (Natural Sciences vs. Arts & Humanities) may not capture the
complexity of real-world group dynamics or multidimensional similarity judgments.
Additionally, the reliance on visual stimuli, even in a person-perception task, may have
triggered visual-based heuristics that partly confound cognitive-level similarity judgments.
Future iterations might include multimodal stimuli or to represent persons. Despite the
success of showing social categorization, the pairwise similarity task (as with the Similarity
rating task (SIM)) was sensitive to the trait or dimension that was rated. We cannot expect
that participants perceived NAT and AH students to be different in all behavioral and
physical traits. For example, there’s no reason to think that NAT students had the same
height or to physically look like each other. Therefore, the pairwise similarity rating results
are only indicative of the perceived similarity among group members along the specific

dimension in question.

3.6.4 Implications and Future Directions

The results highlighted the possibility of mapping the fine-grained differences in perception
of social group members and emphasized that category labels can reshape interpersonal
judgments. Methodologically, the study introduces a behavioral paradigm that can serve
as a bridge between psychological measures and representational similarity analysis
(RSA) in neuroscience experiments. This direction moves away from asking which regions
are activated by group membership per se, and instead asks whether brain activity
patterns reflect perceived psychological distance between individuals. If successful, this
could lead to more precise models of social information processing, integrating behavioral

and neural similarity metrics in novel ways (Weaverdyck et al., 2020; Popal et al., 2020).

3.6.5 Future research

The current research could be expanded in many directions. For example, a) Testing the
paradigm across different social categories (e.g., gender, political identity) to assess the
robustness of category-based similarity effects. b) Examining the Individual differences in
how cognitive style, group identification, or ideological orientation moderate the social
categorization effect. ¢) Using this task in fMRI behavioral similarity maps with neural
representational geometry.
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4 Study 3: Neural Correlates of Social Categorization

4.1 Introduction
Neuroimaging experiments with an interest in social category perception started as early

as the beginning of the field of functional MRI itself. The early experiments focused
specifically on racial outgroup effects between White Caucasian and Black African races.
(Hart et al., 2000). This was motivated by understanding social discrimination based on
race, which plagued the USA. The pioneering study to link a behavioral measure with
neural responses to racial outgroup faces was conducted by Phelps et al., 2000. In this
experiment, White participants completed an Implicit Association Test (IAT) that assessed
unconscious racial biases, which was then correlated with fMRI data collected while
participants viewed photographs of unfamiliar Black and White faces. The researchers
found that greater amygdala activation in response to Black faces, relative to White faces,
was positively associated with stronger pro-White/anti-Black bias on the IAT. This finding
provided early evidence that implicit racial attitudes are reflected in neural responses in

regions associated with emotion and threat processing, like the Amygdala.

Extending this line of research, Cunningham et al. (2004) presented participants with
Black and White faces under two timing conditions: a subliminal condition (30
milliseconds) and a supraliminal condition (525 milliseconds). During the brief, subliminal
exposure, amygdala activation was significantly greater for Black faces than for White
faces, replicating and refining the findings of Phelps et al. (2000). However, in the
supraliminal condition, this amygdala difference diminished. Instead, greater activation
emerged in regions implicated in cognitive control, including the dorsolateral prefrontal
cortex (DLPFC) and anterior cingulate cortex (ACC). These results suggest that while
initial, automatic responses to outgroup faces may engage the amygdala, more controlled,
deliberative processing, as allowed by longer exposure, may recruit cortical mechanisms
that regulate or override initial biases.

Together, these studies underscore the temporal sensitivity of neural responses to race
and highlight a dual-process framework in which automatic and controlled processes
interact to shape intergroup perception. So, the simple story that was previously
suggested that White people are threatened by Black faces might not be exactly correct,

and amygdala activity in the earlier studies might be due to another mental process.
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Overall, the experiments conducted by Phelps et al. (2000) and Cunningham et al. (2004)
showed the importance of associating a properly curated behavioral measure with
neuroimaging in such experiments. However, the first published experiment that

approached neuroimaging of outgroups differently came only in 2008.

4.1.1 Racial Versus Outgroup Effects

Van Bavel et al., (2008) used a mixed group paradigm where they created two groups of
people, each containing White and Black people, and gave an arbitrary label to each
group, one being tigers and the other being leopards. Then they allocated participants
randomly to either one of these minimal groups. This ingenious design allowed them to
test ingroup vs. outgroup effects separately from White vs. Black races. For example, Van
Bavel et al. found that viewing new in-group members’ faces was associated with greater
activity in bilateral fusiform gyri than viewing out-group members’ faces. Although this
effect was reported before (Golby et al., 2007; Lieberman et al., 2005), it was attributed to
more familiarity with the racial in-group, an effect reported in earlier work (Golby et al.,
2001). This is because the previous experiments confounded race with social groups,

where ingroups were always White Caucasian subjects.

Van Bavel and his colleagues’ work showed that faces of novel ingroup members
elicited greater activity in the bilateral fusiform gyri and the left OFC, amygdala, and ITG
(Van Bavel et al., 2008). In a follow-up experiment, the FFA showed greater activation to
ingroup faces compared to outgroup and control faces, and that the increased FFA activity
to ingroup faces was positively correlated with better recognition memory for ingroup
versus outgroup faces (Van Bavel et al., 2011). The results from both experiments were
independent of the races of the presented faces. Hence, they emphasized the necessity
of distinguishing between neural mechanisms underlying the perception of faces from
other races, also known as the “Other Race Effect”, and those involved in perceiving social
groups. The Other Race Effect refers to the robust psychological phenomenon in which
individuals have worse memory for faces of other races compared to faces of their own
race (Meissner & Brigham, 2001). Van Bavel and colleagues demonstrated that social
categorization can override racial categorization, suggesting that neural responses to race

are not fixed but are modulated by dynamic group membership. Some later studies started
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to use a mixed group similar to van Bavel et al. 2008 (Contreras-Huerta et al., 2014; Van
Bavel et al., 2011; Yan et al., 2019).

4.1.2 Univariate Analysis

Early neuroimaging experiments used a simple logic in their analysis. They tried to find
which brain regions show increased blood-oxygen-level-dependent (BOLD) signal when
participants thought of, viewed, or interacted with outgroup members in comparison to
ingroup members. A plethora of interesting findings were reported that include different
aspects of social activities. For example, outgroup faces were more likely to induce higher
activity in brain regions like the anterior cingulate cortex (ACC) and dorsolateral prefrontal
cortex (DLPFC), which was suggested to be related to top-down control over pre-existing

stereotypes towards outgroup members (Amodio, 2014; Kubota et al., 2012).

Another line of research focused on empathy and emotion recognition in outgroup vs
ingroup members, which included participants viewing ingroup or outgroup members
being exposed to painful stimuli. For example, Hein et al., (2010) found — using a minimal
group paradigm — a stronger brain activation in the left anterior insula cortex when
participants viewed an in-group member in pain in comparison to an out-group member.
This left insular activity correlated with higher frequency of costly helping of ingroup
members and higher scores on the Empathic Concern Scale (Hein et al., 2010).
Differential emotion-recognition and empathy for ingroup vs outgroup members could be
attributed to intergroup threat and consequently result in intergroup violence (Lantos &
Molenberghs, 2021). In addition to the previous findings, researchers studied the
univariate difference in brain activity between ingroup and outgroup members in tasks like
social categorization (Feng et al., 2011), impression formation (Li et al., 2016) and
dehumanization (Bruneau & Saxe, 2018). A recent meta-analysis examined and compiled
the univariate analysis results across different tasks and grouping paradigms, and found
consistent differential activity depending on the social group associated with the task
mainly in the prefrontal cortex, fusiform gyri and the Insula (Merritt et al., 2021).

4.1.3 Multivariate Analysis
Univariate functional magnetic resonance imaging (fMRI) analysis typically examines
activation in different voxels separately, testing whether individual voxels show statistically

significant signal changes in response to specific experimental conditions. While this
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approach has been instrumental in mapping functional brain regions, it has the following
notable limitations. a) Loss of fine-grained information: Because univariate methods focus
on mean signal differences across conditions, they fail to capture distributed patterns of
activation across multiple voxels. b) Inability to detect representational content: Univariate
analyses primarily identify whether a brain region is more active in one condition than
another, but do not reveal how information is represented within that region. c) Problematic
assumptions of spatial covariance: In univariate analysis, each voxel is modeled
independently. Therefore, univariate approaches ignore spatial covariance, potentially

missing important distributed coding mechanisms (Kriegeskorte et al., 2006).

Multivariate pattern analysis (MVPA) addresses these limitations by analyzing patterns
of activity across multiple voxels. Instead of averaging signals, MVPA examines how
different conditions evoke distinct spatial patterns of activation, allowing researchers to
infer what type of information is represented in a given region (Carlson, 1998; Haxby et
al., 2001; Nili et al., 2014; Oosterhof et al., 2016). One key advantage of this approach is
that it allows enhanced sensitivity to information representation: unlike univariate
methods, which focus on mean activation differences, MVPA detects fine-grained,
distributed patterns of activity, making it possible to distinguish between neural
representations of different stimuli even in regions with overlapping activation
(Kriegeskorte et al., 2006; Kriegeskorte & Bandettini, 2007).

4.1.4 Decoding Neural Representations

MVPA allows researchers to decode stimulus categories from neural activity patterns. For
example, Haxby et al., 2001 demonstrated that face and object representations in the
ventral temporal cortex are distributed rather than localized to specific brain regions. This
study showed that even within face-selective regions, there is information about other

stimulus categories, challenging the assumption of category-specific regions.

4.1.5 Representational Similarity Analysis (RSA)

RSA is an analysis method used in different scientific domains, and it has recently been
adopted in neuroscience methods, as it has been shown to be beneficial in multivariate
pattern analysis (Kriegeskorte et al., 2008; Popal et al., 2020). RSA is a high-level analysis
that builds on primary findings of similarity between stimuli or similarity between responses
to the stimuli. For example, an experimenter can ask a participant to indicate the degree
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of similarity in function between 3 items, e.g., muscles, bones, and kidneys, and also the
degree of similarity in lifestyle between professionals working on these items, i.e.,
orthopedist, physical therapist, and nephrologist. These two questions result in two
similarity patterns, one for the item function and one for the lifestyle of the professionals.
RSA can then be used to compare the similarity patterns. In the case described here, we

expect that the two similarity patterns correlate positively with each other.

4.1.6 RSA in Multivariate fMRI analysis

Since in MVPA, the data is collected from a group of brain voxels at once, informative
brain regions are defined by moving a spherical or circular multivariate “searchlight”
(Kriegeskorte et al., 2006). A surface-only searchlight of 10-mm radius, for example, will
comprise of around 180 surface nodes when laid on fsaverage6 template which contains
40962 nodes per hemisphere (Fischl, 2012). When conducting a statistical test, or
calculating a measure, the convention is to map or view the test statistic or measure on
the center node or voxel of the searchlight (Kriegeskorte et al., 2006). In multivariate fMRI
analysis, a Representational Dissimilarity Matrix (RDM) is a correlation matrix based on
all pairwise comparisons between the BOLD signal responses of group of voxels evoked
by a set of stimuli. The group of voxel can be defined based on a functional cluster,
anatomical region, or local neighbors (as in a searchlight analysis). RSA then consists in
comparing an RDM from a brain region, e.g., a disc in the right anterior temporal lobe (Rt.
ATL) with either a) another fMRI signal RDM, e.g., from left ATL, b) a behavioral RDM,
e.g., from a Pairwise Similarity Task, or c) a manually constructed RDM which represents
a specific theoretical model. RSA is a flexible tool which allows the comparison between
representations from different domains, e.g., data from behavioral measures or data from
neurological measures e.g., fMRI, EEG, fNIRS, etc., and even between species (monkey
vs. human) and at different spatial scales (single neuronal activations vs regional
activations) (Kriegeskorte, Mur, Ruff, et al., 2008; Ritchie et al., 2021).

4.1.7 Linear Discriminant Contrast (LDC) and t-value (LDt)

Different methods were proposed and used to measure the dissimilarity between stimuli,
each dissimilarity measure is different and thus has an impact on the resulting RDMs. The
most common measures used in the literature are reversed Pearson’s correlation (1-r,

where r is Pearson’s correlation coefficient) and Mahalanobis distance. More
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sophisticated measures derived from the Mahalanobis distance that account for both
variance and covariance structure in the data by estimating a noise ceiling are called
Linear Discriminant Contrast (LDC) and Linear Discriminant t-value (LDt) (Popal et al.,
2020). The cross-validated Mahalanobis distance is called Linear Discriminant contrast
(LDC).

Walther and his colleagues (Walther et al., 2016) discussed the different types of
dissimilarity measures and through simulated data showed that a cross-validated
Mahalanobis distance is the most reliable measure of dissimilarity especially when the
distances between data points are large. This is because, with increasing Euclidian
distance between two conditions, the noise level also increases. It has been suggested to
normalize the LDC by an estimate of its standard error, which results in linear-discriminant
t-value (LDt) and can be used as an inferential measure of stimulus dissimilarity. Overall,
LDt seems to be a robust multivariate measure of the dissimilarity between two vectors,
each one representing the state of all searchlight voxels in response to an experimental
condition, for example, the dissimilarity between response to an ingroup face compared
to an outgroup face (Nili et al., 2014; Walther et al., 2016).

4.1.8 Anatomical Versus Functional Brain Alignment (Hyperalignment)

Since we recruit multiple participants in our studies, we conduct group-level analysis to
find activation patterns that generalize to the tested sample, and by inference, to the
population from which the sample came. To perform voxel-wise group tests, it's a
necessity to align individual brain scans of our participants into a common space. The
most common method consists in aligning the brains based on anatomical structures, a
method called anatomical alignment or anatomical normalization. This method assumes
that after normalization, a given voxel is associated with a given function in all the brains
included in the sample. However, it has been shown that people show individual
differences in anatomical and functional regions of the brain, which can lead to high
variability of responses across subjects, even in response to identical stimuli (Andreella
et al., 2022).

Hyperalignment (functional alignment or functional normalization) is an alternative
method of aligning subjects’ brains with each other in group-level analysis. It has been
proposed to align shared functional information into a common space (Haxby et al., 2011).
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In order to perform hyperalignment, participants must be exposed to the same stimulus
sequence throughout a scan, such that one can assume that the sequence of stimulus
processing and mental states of the participants is also similar during the scan. For
example, we assume that they will have similar emotions or cognitive experiences in
response to a long visual stimulus, such as a movie or a part thereof. Then, a procrustean
transformation is applied to the data in order to find a common space where the
information from different individual brains is shared. Hyperalignment dramatically
improves between-subject decoding (Guntupalli et al., 2016; Haxby et al., 2011). However,
since the whole-brain implementation of this approach remixes data from relatively distant
voxels, one cannot analyze or interpret the data in the common functional space voxel by
voxel. To enable localized analyses, the analysis is usually done iteratively in a series of

regions of interest (ROIs), such as a searchlight sphere or disc (Haxby et al., 2020).

4.1.9 Improved Understanding of Face Perception Mechanisms

Multivariate analyses have revealed key insights into face perception, such as the fact
that the fusiform face area (FFA) contains distinct activation patterns for individual face
identities, which univariate methods failed to detect (Goesaert & Beeck, 2013; Kim et al.,
2019; Nestor et al., 2011; Verosky et al., 2013; Weiner & Grill-Spector, 2010). The anterior
temporal lobe (ATL) plays a crucial role in encoding conceptual knowledge about faces,
supporting the idea that face processing is not confined to the occipitotemporal cortex
(Anzellotti et al., 2014; Yang et al., 2016). Studies using representational similarity analysis
(RSA) have shown that facial identity representations are distributed across multiple
regions, reinforcing the idea of a networked rather than modular system (Collins et al.,
2016; Kriegeskorte et al., 2007).

4.1.10 Brain Responses to Different Social Groups

What we know so far is that overall, stimuli associated with individuals from different social
groups induce different brain activity in various brain regions. However, current literature
doesn’t shed light on how social group structure (similarities and differences between
individuals) is encoded and represented in the brain. In addition, since social group
perception changes according to the trait in question (for example, trait prototypicality),
there’s currently no method for measuring the change in perception of individuals
belonging to the social groups based on the change of the trait in question. In other words,
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we don’'t know how the perceived similarity between members influences the neural

representation of these individuals.

4.2 Aim of the Project
Find the brain regions or networks that change their neural representation of persons in

correlation with the behaviorally reported change in perception of these persons.

4.3 Pre-Registration
Before data collection, we preregistered the study on the Open Science Framework, here:

https://osf.io/q6du8.

4.4 Hypotheses
1. Revealing the group membership of a set of newly learned students will lead to

an increase in perceived within-group similarity and a decrease in perceived
between-group similarity.

2. In at least one brain region, revealing the group membership of presented faces
will lead to increased similarity between the neural representations elicited by
faces that belong to the same group and decreased similarity between
representations elicited by faces that belong to different groups.

3. In atleast one brain region, average pairwise similarity between the neural activities
elicited by presentation of the faces of our learned students will be positively
correlated with average ratings of pairwise similarities in personality and social life

of the respective students.

4.5 Study Design
In this experiment, we use the same behavioral experiment design as in Study 2: we

measured the perceived pairwise similarity between the eight students along physical
facial features, personality, and social life. We used a within-subject design, and collected
pre-intervention ratings, performed the intervention, then collected post-intervention
ratings. In addition, participants performed an fMRI task before and after the intervention.
The intervention consisted in revealing the group membership of each of the eight
students. In the fMRI task, participants were presented with the eight faces and answered

a yes-no question about the group membership of the face they were looking at.
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. Intervention
(Intro. videos)

Figure 14: Experiment Workflow in the second and third sessions.

Intervention
(Intro. videos)

4.5.1 Recruitment

Participants were recruited via the EconLab mailing list and by public advertisements. The
interested subijects first filled in an online Qualtrics questionnaire. The group identification
guestionnaire was added as an online questionnaire with the same questions used in
Study1 and Study2, but in this experiment, the participants answered this questionnaire
online before inviting them to the experiment. However, the degree of group identification

did not play a role in participants’ inclusion. We applied the following exclusion criteria:

e Mixed group identity: participants who identify as both NAT and AH students.

¢ MRI contraindications: Body implants, metal accessories, claustrophobia, and big
tattoos.

e Previous familiarity with any of the eight students included in our stimuli.

e |f they had watched the movie The Grand Budapest Hotel (2014) before.

e Left-handedness or age below 18 or above 30 years old.

After applying the exclusion criteria, we invited 20 right-handed native German, bachelor,

or master students (females = 10) to participate in the experiment.

4.5.2 Stimuli

Most of the stimuli were the same as Study 2 stimuli. We used the a) Introductory Videos,
b) Color Portraits, and c) Cropped Greyscale Faces. In addition, we generated face clips
for the fMRI task as follows.

4.5.2.1 Face Clips

Four random 0.5-second clips were extracted from each of the introductory videos.
Because each video originally contained 30 frames per second, our half-second clips
contained 15 frames each. We converted each frame into a picture and applied the same
preprocessing as we did to our Cropped Greyscale Faces. Then we recreated the face
clips from the pre-processed frames. We included different expressions in the videos. And,
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at least, one of the four clips contained a clip showing the student blinking. The clips did

not have any sound.

4.5.3 Tasks

The experiment has two types of tasks organized in six time blocks, four of which are
conducted on a computer screen and two are conducted inside an MRI scanner. We used
the same tasks as in Study 2, namely: a) Pairwise Similarity Task, b) Intervention (Meet
the Students Task), ¢) Group membership recall Task, d) Group Similarity task (SIM), e)

Percentage estimate task (PER). In addition, we added a Face Perception Task as follows:

4.5.3.1 Face Perception Task

This task was conducted in an MRI scanner. It was comprised of six runs; each one was
divided into 56 trials. In each run, we first told participants that they had to answer one
main question about the faces they viewed. The question was “Does the person you just
saw belong to the same study field as the person before?”. Each trial consisted of three
500-ms presentations of the face separated by 50-ms black screens (Castello et al., 2021)
then followed by a three-second fixation cross, where participants are required to answer
the main question. Stimuli are presented in a one-back DeBruijn cycle order (Aguirre et
al., 2011).

4.5.3.2 PC Movie Task
participants watched the first 50 minutes of the film The Grand Budapest Hotel (2014)

dubbed in German.

4.5.3.3 Volume Adjustment

his task was conducted only in the first scanning session; the participant laid in the scanner
and repeated watching the last five minutes of the first half of the movie. We instructed
the participant to gesture to us using their right hand either to increase or decrease the
volume or to keep it levelled. During this time, the experimenter’s assistant stayed in the
scanning room while the participant was being scanned and conveyed the requests of
volume change to experimenter. After the scanning sequence was finished, we asked the
participant if the headset and volume setup were comfortable and if the movie sounds

were clear. Then, we adjusted the volume further if needed.
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4.5.3.4 MRI Movie Task
We presented the next 50 minutes of the same film until the end of the film. The 50 minutes
were divided into 5 sections of different lengths in order not to cut film scenes or

conversations as in (Castello et al 2020).

4.5.3.5 Fieldmap Scan

This was a short two-minute task where the participant laid still in the scanner. No task
was required from the participant during the scan. The purpose of this scan was to
measure the inhomogeneities in the magnetic field of the scanner. These inhomogeneities
specifically lead to distortions of the functional scans especially in skull regions that

contain air close to the brain, most commonly in frontal and temporal poles.

4.6 Experiment Flow
4.6.1 First Session

Once arrived at the facility, participants were welcomed and signed documentation related
to their consent to participate in the study, data storage, and MRI safety information. Then,
they conducted the PC Movie Task on a PC. After that, the participants were led to the
MRI room. The participant wore MRI-compatible earphones and conducted the Volume
Adjustment while we acquired the structural scan. After that, the participants conducted
five runs of the MRI Movie Task. After a short rest, the participants briefly exited the
scanner, swapped their headphones for earplugs, reentered the scanner and conducted

four runs of the Dynamic Face Localizer Task.

4.6.2 Second Session

On a PC, the participants conducted the Pairwise Similarity Task along three traits
(Physical face features, personality, and social life). Next, the participants conducted six
runs of the Face Perception Task, followed by a fieldmap scan, then exited the scanner.
After a short break, the participants conducted the Meet the Students Task, where they

watched the introductory videos on a PC.

4.6.3 Third Session
The participant started the session with the Meet the Students Task once again, followed
by the Group Membership Recall Task. Then the participants repeated the Pairwise

Similarity Task over the same three traits as was done before the intervention. After that,
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the participants laid in the scanner and conducted six runs of the Face Perception Task

followed by a fieldmap scan.

4.7 Data Acquisition
Before conducting the main experiment, we piloted the experiment with three German-

speaking master students. These participants conducted parts of the experiment in order

to test our experimental setup and the analysis code.

For the main experiment, the number of required participants was calculated based on a
power analysis conducted using GPower software (Faul et al., 2007) with an alpha
criterion of 0.05 and an effect size of 0.496. The fMRI study was conducted at the MRI
Core Facility (Life & Brain Research Center) of the Medical Faculty of the University of
Bonn. For each participant, the study was divided into three sessions, each session lasting
two to two and a half hours, with 2-4 days between each session and the next. The
participants filled out a consent form explaining the experiment sessions, the risks and
contraindications of MRI scanning, and our data privacy policy. In addition, each time the
participant entered the MRI scanner room, they filled out a consent form where they
acknowledged the absence of an MRI contraindication. All MRI images are collected using
a Siemens 3T Magnetom TRIO. In the functional scans, the participants were provided
with earplugs to protect their hearing from the loud noises of the MRI scanner. Only during
the MRI Movie Task, the participants wore MRI-compatible earphones which dampened
the scanner noise by 30dB. While inside the scanner, participants viewed the instructions
and stimuli via a mirror system attached to the head coil, which was individually adjusted
for clear visibility of the screen at the back of the scanner. Participants’ vision was
corrected to normal using MRI-compatible sports glasses when necessary. Their
responses were recorded with controllers in participants’ hands (Nordic NeurolLab,
Bergen, Norway). The structural scan sequence used MPRAGE T1 weighted with a
repetition time TR=1.66 seconds, Echo time TE=2.54ms, flip angle = 9 degrees,
FoV=256mm, and slice thickness of 0.8mm, resulting in isometric voxels of size
0.8X0.8X0.8mm. Functional scans used an EPI sequence of 37 slices, with a flip angle of
90 degrees, slice thickness of 3mm, Field of View of 192 mm, and 0.3mm distance
between slices, resulting in a voxel size of 2X2X3 mm. fMRI volumes repetition time
TR=2.5 seconds, echo time TE=30ms. Pre-scanning normalization and a GRAPPA factor
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of 2 were used in the structural and functional sequences. Fieldmap sequences used a
gradient echo sequence (GRE), which generated two magnitude images and one phase

difference image.

4.8 Data Analysis

4.8.1 Measures

4.8.1.1 Behavioral Measures

Representational Dissimilarity Matrices (RDMs): Six dissimilarity matrices were
calculated from the Euclidean distances between the ratings of each of the eight students
over three traits (physical facial difference, personality, and social life) before and after the
intervention (3 traits x 2 timepoints).

Perceived Within-Group Similarity (WG): which is the average similarity ratings of each
two students that belonged to the same group for each of the three traits measured
(physical facial difference, personality, and social life). WG is measured twice for each
trait, once before and once after the intervention.

Perceived Between-Groups Similarity (BG): which is the average similarity of each two
faces that belonged to different groups. Similar to WG, there are also six BG values (3

traits x 2 timepoints).

4.8.1.2 fMRI Measures

Discriminability Matrices; before and after-intervention LDC matrices for each searchlight
(2 timepoints x 81924 searchlights)

Between-Group Discriminability (BGD): This is the average discriminability values for
each two faces that belonged to different groups. There were two values for each
searchlight (2 timepoints x 81924 searchlights).

Within-Group Discriminability (WGD): This is the average discriminability value for
each two faces that belonged to the same group. There were two values for each

searchlight (2 timepoints x 81924 searchlights).

4.8.2 Analysis

4.8.2.1 Behavioral Data Analysis

The average face similarity between each two faces that belong to the same group
(Within-group similarity) and between each two faces that belong to different groups
(intergroup similarity) will be calculated from the pairwise similarity ratings before and after
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revealing the group membership of the faces. We will test hypothesis one using these

variables.

4.8.2.2 fMRI Analysis

Data preparation: We started by organizing our raw MRI data into a BIDS layout
(Gorgolewski et al., 2016) to facilitate compatibility with the different softwares used for
the analysis.

Quality Check: We ran an MRIQC script on our data and then manually evaluated
structural and functional artifacts based on the criteria mentioned in Klapwijk et al., (2019)
and Provins et al., (2023). We excluded 3 participants with excessive movement
(calculated as framewise displacement) and strong aliasing artifacts.

Preprocessing: fMRIPrep (version 1.0.3) was run with default settings and six degrees
of freedom for alignment. Surface reconstruction was done using Freesurfer (version
6.0.1). The preprocessed data was output to the fsaverage6 template space.
Hyperalignment: The movie task data obtained in session one was used in functional
alignment to estimate a common functional space. We then estimated a projection map
to transform the Face Perception Task scans from the fsaverage6 space to the
Hyperalignment space. Hyperaligned data were then transformed from surface-based
data into volumetric data.

GLMs: Main Task GLM was created using SPM 12 (7771), data for each subject were
modeled using a general linear model (GLM) using SPM12, and each session was
modeled separately. For each session, we modeled trials of the six runs, each run included
one regressor for each different face, in addition to 6 motion regressors, six artefact
covariate regressors (CompCorr, generated by fMRIprep), and an intercept. The task-
related regressors were convolved with a canonical HRF, and a high-pass filter with a
cutoff period of 128 seconds was applied; no voxel masking was applied. After estimating
the parameters for the GLM, the resulting beta images were projected onto the brain
surface.

Defining Searchlights: Searchlights were defined on the brain surface as discs with a
10mm. After subtracting the medial brain wall from the brain surface, we were left with
40962 searchlights for each hemisphere, resulting in a total of 81924 searchlights for the

whole brain. Each search light was a disc containing, on average, 180 surface nodes.
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Calculating Linear Discriminant Contrast (LDCs): We calculated a matrix of linear
discriminant contrasts (LDCs) in each searchlight. The LDC is a value calculated in each
searchlight between each pair of the eight conditions/faces that our participants saw. This
results in 28 pairs of LDC values, which we refer to as the “discriminability matrix”. The
discriminability matrix is a detailed representation of how strongly the neural activity
elicited in each searchlight can discriminate between the eight different faces. In order to
calculate LDC values, we adapted the code published by Tsantani et al., 2019. First, we
extract beta values and GLM residuals in searchlight voxels. Then, the beta images are
compared for each pair of conditions to evaluate how distinguishable the activity patterns

are, as follows:

— T

diﬂaha!anobis.cmssvaﬁda{ed (bk= bf) = (b.f _bk ) AEA 1 (b i _bk) B
= cB,3,, 'Bjc’
= LDC(b;ﬁbj).

Equation 1: The linear discriminant contrast equation (LDC) between any two conditions, k and j. bk and b;j are beta
values of all surface nodes of one searchlight in conditions k and b, respectively. The symbol Y31  represents the
hold-one-out cross-validation that we used.

The LDC calculation is derived from linear discriminant analysis (LDA) and aims to find a
linear combination of the voxel values that best discriminates between the conditions.
First, we pooled beta values from all the scanning runs collected from our 17 subjects,
resulting in 101 runs (176 — 1 excluded run). LDC is a cross-validated measure. So, we
conducted a hold-one-out cross-validation, so each LDC value is an average of 101
values. In each cross-validation run, we first calculated the Euclidean distance between
the average beta values of the two conditions in the training runs (100 runs). Then, we
calculated the noise covariate matrix for the two conditions. Then, the root squared
distance of the training runs is divided by the noise matrix for normalization. The next step
was to calculate the Euclidean distance between the beta values of the same two
conditions in the test run, which was held out. Finally, the distance in the test run is
multiplied by the normalized distance in the training runs.

Discriminability Matrices: The previous calculation was done for each combination of
experimental contrast (each two different faces). This results in 28 discriminability values,

which could be arranged as a discriminability matrix.
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4.9 Hypothesis testing
4.9.1 Hypothesis 1

A linear mixed model was created to model each of the 3 dimensions (physical facial
features, personality, and social life) separately. In each model we had two fixed effects
factors; a) Time (pre- vs. post-intervention), and b) Rating Type (Within- vs. Between-
group similarity). The model was not balanced because for each subject and each time
point, we had 12 within-group but 16 between-group ratings. We also modeled the
participant ID as a random effects factor. After fitting each model, we created two post-
hoc contrasts to test a) whether post-intervention within-group similarity ratings were
significantly higher than pre-intervention ratings, and b) whether post-intervention

between-group similarity ratings were significantly lower than pre-intervention ratings.

4.9.2 Hypothesis 2
We conducted two two-sample t-tests in each of the brain’s 81924 searchlights, resulting

in (81924 x 2) tests. In each searchlight, we tested for the following:

Contrast 1: Which regions show social categorization after the intervention, i.e.,
post-intervention BGD discriminability larger than post-intervention WGD?
Contrast 2: which regions show significantly higher change in BGD than WGD

from pre- to post-intervention scores?

Our tests were one-tailed because we were looking for brain regions that showed these
very specific effects. The identification of voxels was implemented using image
thresholding. In each of the two contrasts, only significant searchlights (p<0.05, right-
tailed) were kept; zeros replaced other searchlights. To correct for multiple comparisons
(81924, one for each searchlight), we used a non-parametric method called Threshold-
Free Cluster Enhancement (TFCE). The TFCE method was designed to enhance
statistical maps by considering both the signal’s intensity (height) and its spatial extent,
without needing to apply an arbitrary cluster-defining threshold (S. M. Smith & Nichols,
2009). We used the Matlab-TFCE toolbox version r. 269 (part of the CAT toolbox (Gaser
et al., 2024)) with permutations set to 10,000.

4.9.3 Hypothesis 3
We conducted right-sided Spearman correlation tests in the whole brain (81924

searchlights) once for each post-intervention behavioral task (Physical facial features,
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Personality, Social life) to test the third hypothesis. We used the same thresholding
method as in hypothesis 2, where only significant searchlights in the positive direction
(p<0.05, right-tailed) were kept. Next, we manually created a null distribution. We
generated 100 datasets of null results through random permutation of the results. So,
each searchlight had one result value and 100 null values for each behavioral test. Next,
we conducted TFCE correction as in hypothesis 2 and used the null dataset as an input

for the TFCE correction.

4.10 Results
4.10.1 Behavioral

Descriptive Statistics: Participants behaved differently when rating pairwise similarity of
physical facial features in comparison to pairwise similarity of personality and social life.
As shown in Figure 15, the average between-group and within-group ratings of similarity
in facial features only changed slightly after the intervention. Ratings of physical facial
features were as follows: between-groups (pre-intervention; mean=3.15, SD=1.5; post-
intervention; mean=3.24, SD=1.5). Within-group (pre-intervention; mean= 3.6, SD= 1.7
post-intervention; mean=3.7, SD=1.6). Pairwise similarity ratings of personality and social
life showed an increase in within-group similarity and a decrease in between-group

similarity, depicted in Figure 16.

Comparison_type Between-groups —— Within-groups

11-Pre t2-Post

Time

Figure 15: Pairwise similarity ratings of physical
facial features before and after the intervention

Ratings of similarity in personality were as follows; between-groups (pre-intervention;

mean=3.15, SD=1.5 post-intervention; mean=3.24, SD=1.5), Within-groups (pre-
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intervention; mean= 3.6, SD= 1.7 post-intervention; mean=3.7, SD=1.6). Ratings of
similarity in social life were as follows: between-groups (pre-intervention; mean=3.96,

SD=1.5; post-intervention; mean=3.43, SD=1.35). Within-groups (pre-intervention; mean=

4.08, SD= 1.46 post-intervention; mean=4.44, SD=1.4).
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Time
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Figure 16: Pairwise similarity ratings of personality and social life before and after the intervention

Linear Mixed Models: the Linear mixed model showed a significant main effect of rating
type and a significant interaction for personality and social life ratings (p<0.001 for both).
However, no significant interaction was found between time and rating type for physical

features.

Table 6: Summary of 3 ANOVA results, one for each behavioral dimension. The ANOVAs were conducted on pre- and
post-intervention ratings of pairwise similarity in physical facial features, personality, and social life.

ANOVA Summary
Effect
Time 1, 16.02 0.068 0.797
Physical :
. Comparison type 1, 16.01 13.903 | 0.002
facial features
Time*Comparison type 1, 26.81 0.891 0.354
Personality Effect ‘ df F P ‘
Time 1, 19.01 1.054 0.317
Comparison type 1, 16.06 15.755 | 0.001
Time*Comparison type 1, 17.60 20.838 | <.001
Social life Effect ‘ i F P ‘
Time 1, 16.00 0 0.992
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Comparison type 1, 16.00 25.065 | <.001
Time*Comparison type 1, 16.00 17.993 | <.001

Post-hoc contrast showed a significant increase in within-group similarity ratings of
personality (p<0.001) and social life (p=0.003) but not in similarity ratings of physical
features (p=0.9). There was also a significant decrease in between-group similarity ratings

of personality (p<0.001), social life (p<0.001), but not in physical features (p = 0.9).

4.10.2 fMRI

Hypothesis 2: A whole-brain searchlight analysis revealed that specific brain regions
showed social categorization in session 3 (see Figure 17). Another set of cortical areas
showed a significant decrease in between-group similarities and a significant increase in
within-group similarities (see Figure 18). We created an intersection mask that revealed

cortical areas with both significant effects (see Figure 19).

4.10.2.1.1.1Contrast 1: Post-intervention Social Categorization

Whole-brain searchlight analyses depicted in Figure 17 revealed a set of cortical regions
that showed clear categorization between the representation of Natural science students
and Arts and Humanities students. This was seen in the significantly higher between-

group discriminability than within-group discriminability in post-intervention LDC matrices.

Figure 17: Searchlights which showed significantly higher between-group discriminability than within-group
discriminability. The whole-brain analysis identified 907 and 630 significant searchlights in right and left hemispheres
respectively. The searchlights were clustered in different brain regions all over the brain. The colorbar indicates t
values.
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4.10.2.1.1.2Contrast 2: Significant increase in discriminability

Whole-brain searchlight analyses results shown in Figure 18 revealed a set of cortical
regions which showed a significant increase in discriminability from pre-intervention to
post-intervention sessions. This could have happened through either an increase in the
average between-group discriminability or a decrease in within-group discriminability or a

combination of both.

Figure 18: Searchlights showing significantly higher change in between-group discriminability than the change in
within-group discriminability from pre-intervention to post-intervention scans. This whole-brain analysis revealed
770 and 694 significant searchlights in right and left hemispheres respectively. The searchlights were clustered in
different brain regions all over the brain. The colorbar indicates t values.

4.10.2.1.1.3Intersection of both effects

We created a binary mask from the intersection of searchlights that were significant in the
first and second effects. Then the binary mask was weighted by the first effect (post-
intervention social categorization). By creating a mask that combines both effects, we are
not only selecting the searchlights that showed post-intervention social categorization, but
also the same searchlights changed its discriminability pattern significantly from before to
after the intervention. This way, we eliminated any baseline effect from before the
intervention. The binary mask was weighted by post-intervention social categorization t-
value to show which searchlights that eventually showed the strongest and weakest social
categorization. It's important to notice that this is a map of surface searchlights; meaning
that each surface node represent the strength of the social categorization from nodes in

a disc with 10 mm radius around this node. Finally, searchlights that show both effects
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significantly can be considered “Neural Correlates of Social Categorization”. The
intersection between the two significant effects showed activity in the Right cortex in the
Superior Frontal gyrus, the inferior frontal gyrus (orbital), and the middle frontal sulcus.
On the ventral side of the right cortex, Orbitofrontal and Inferior Temporal gyri. Similarly,
the Left hemisphere had searchlights that correlated with “Social Categorization” in Inferior
Temporal gyrus extending to the left Collateral sulcus, Middle Frontal gyrus, and Superior

Occipital gyrus.

Figure 19: Searchlights showing both significantly higher increase in BGD than WGD from pre- to post-intervention
scans along with significantly higher BGD than WGD after the intervention. The searchlights were identified using
an intersection mask between contrast 1 and contrast 2, which revealed 395 and 302 searchlights in right and left
hemispheres respectively. The searchlights were clustered mainly in frontal and temporal lobes The colorbar
indicates t values.

To confirm that activation patterns in these searchlights reflect a change in discriminating
between AH and NAT Students, resulting in post-intervention social categorization, we
extracted the pre- and post-intervention discriminability values (the linear discriminant
contrast scores) for review. Figure 19 shows the pre- and post-intervention discriminably
maps in the top two regions with the highest t-values in contrast 1, i.e., the searchlights
which showed the highest between-group discriminability in comparison to within-group

discriminability in all the four searchlight examples shown in Figure 20.
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Figure 20: Discriminability change in four example searchlights (a, b, ¢ and d) out of 697, which were identified as
significant in both of the contrasts we tested. The discriminability maps in all four searchlights showed no
categorization of faces into two distinct groups before the intervention (first column of MDS graphs in a, b, ¢ and d);
however, they showed clear categorization into two groups after the intervention (second column of MDS graphs).
Subplots in the last column depict the underlying change in response pattern discriminability that drove the significant
effect: changes from pre- to post-intervention discriminability resulted from an increase in between-group
discriminability, a decrease in within-group discriminability, or both.

Hypothesis 3: We identified several cortical regions that exhibited significant correlations
with the dissimilarity matrices of physical features ratings (max p = 0.68), personality

ratings (max p = 0.68), and social life ratings (max p = 0.6).
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4.10.2.1.1.4Similarity in Physical facial features

Table 7: Correlation between brain activation patterns and ratings of physical facial features

Physical facial features, Right hemisphere Correlation
Dorsomedial posterior superior frontal gyrus 0.68
Middle Superior Frontal Gyrus and Sulcus, extending ventrally to middle 0.66

frontal gyrus and sulcus, inferior frontal sulcus and opercular part of IFG

Inferior Frontal Triangular Gyrus and Sulcus 0.63
Posterior Lateral Fissure, planum temporal 0.57
Posterior Superior Temporal Sulcus 0.55
Marginal Sulcus of the Cingulate 0.54
Angular Gyrus extending to middle occipital 0.53
Middle Occipital and Lunatus Sulcus 0.53
Gyrus Rectus and Orbital gyrus 0.5

Superior Paracentral Gyrus 0.5

Anteromedial part of superior frontal gyrus 0.44

Physical facial features, Left hemisphere

Temporal Pole 0.63
Insular Gyrus and Central Sulcus of the Insula 0.61
Middle part of Superior Temporal Sulcus and gyrus 0.6
Posterior Lateral Fissure 0.54
Anterior parahippocampal gyrus 0.53
Occiptio-temporal lingual gyrus 0.5

Left Hemisphere Right Hemisphere

Figure 21: Results of whole-brain searchlight correlation between discriminability matrices in each searchlight and
pairwise similarity ratings of physical facial features among the eight students shown in the scanner. There were 774
and 578 significant searchlights in the right and left hemispheres respectively. The colorbar indicates Spearman’s
correlation values p.
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4.10.2.1.1.5Similarity in Personality

Table 8: Correlation between brain activation patterns and ratings of personality similarity

Personality, Right hemisphere Correlation
Insular Gyrus and Central Sulcus of the Insula 0.68
Superior Frontal Gyrus and Sulcus 0.59
Superior Frontal Sulcus 0.56
Planum Temporale and posterior sylvian fissure 0.54
Inferior Temporal Sulcus 0.5
Anterior Superior Temporal Gyrus 0.48
Intraparietal and Transverse Parietal Sulcus 0.46

Personality, Left hemisphere

Posterior Superior Temporal Gyrus. 0.62
Anterior Superior Temporal Sulcus 0.58
Gyrus Rectus and Sulcus 0.58
Anterior Occipital Sulcus 0.56
Posterior Insular Gyrus 0.54
Medial posterior Superior Temporal gyrus and Sulcus 0.42

Left Hemisphere Right Hemisphere

Figure 22: Results of whole-brain searchlight correlation between discriminability matrices in each searchlight and
pairwise similarity ratings of personality among the eight students shown in the scanner. There were 304 and 505
significant searchlights in the right and left hemispheres, respectively. The colorbar indicates Spearman’s correlation
values p.
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4.10.2.1.1.6Similarity in Social life

Table 9: Correlation between brain activation patterns and ratings of social life similarity

Social life, Right hemisphere Correlation
Insular Gyrus and Central Sulcus of the Insula 0.59
Middle Occipital Gyrus and Sulcus 0.59
Planum Temporale (Superior Temporal Gyrus and Sulcus) & Inferior Parietal 0.54
(Supramarginal) Gyrus and Sulcus

Middle to Posterior Cingulate Sulcus 0.52
Anterior Superior Temporal Gyrus and Lateral Sulcus 0.51
Social life Left hemisphere

Posterior Superior Temporal Gyrus and Posterior Lateral Sulcus 0.6
Precentral Gyrus and Sulcus 0.54
Intraparietal and Transverse Parietal Sulcus 0.53
Superior Part of the Precentral Sulcus 0.52
Anterior Superior Temporal Sulcus 0.488
Inferior Parietal (Supramarginal) Gyrus and Sulcus 0.47
Posterior Insular gyrus 0.47
Postcentral Sulcus 0.45

Left Hemisphere Right Hemisphere

Figure 23: Results of whole-brain searchlight correlation between discriminability matrices in each
searchlight and pairwise similarity ratings of social life among the eight students shown in the
scanner. There were 288 and 355 significant searchlights in the right and left hemispheres
respectively. The colorbar indicates Spearman’s correlation values p.
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4.11 Discussion
This study investigated how revealing social group membership influences perceived

similarity in personality, social life, and facial features, as well as how these changes are
reflected in neural representations. The findings provide robust support for the hypothesis

that social categorization alters both behavioral judgments and brain activity.

4.11.1 Hypothesis 1: Behavioral Changes Due to Social Categorization

Our results revealed a clear pattern: post-intervention, participants rated within-group
pairs as more similar and between-group pairs as less similar regarding personality and
social life, but not in physical facial features. This supports the idea that social
categorization modulates higher-order social judgments rather than basic perceptual
attributes. The lack of significant change in physical facial similarity ratings suggests that
visual feature-based judgments are relatively stable and less susceptible to group-based
biases, consistent with earlier findings on the separability of perceptual and social
categorization mechanisms (Van Bavel et al., 2008). The significant interaction between
time and comparison type for personality and social life ratings suggests that the mere
knowledge of group membership was sufficient to shift perceived interpersonal similarity

along social dimensions.

4.11.2 Hypothesis 2: Neural Correlates of Social Categorization

Hypothesis 2 proposed that making social group membership visible would change neural
similarity patterns in brain areas related to how we see and judge other people. The
multivariate pattern results support this idea, showing that patterns of neural activity
changed in several distinct brain areas. These changes likely reflect the influence of
different mental processes, such as visual perception, emotional evaluation, and cognitive
control.

Perceptual and Semantic Processes: The Left Superior Occipital Gyrus (SOG) is
usually involved in processing spatial aspects of visual information and in visual memory.
Its activity in this study may reflect fine spatial processing of facial features or gaze
direction cues that may become more important after social labels are applied. A low-level
visual area like the SOG shows these effects, suggesting that high-level social knowledge
can influence even the early stages of perception.
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The Inferior Temporal Gyrus (ITG) is increasingly recognized for its dual role in
processing visually and semantically rich stimuli, including social cues. Although the
region is not considered part of the canonical face-processing network (e.g., FFA or OFA),
several studies highlighted the ITG’s involvement in semantic and social cognition. Binder
et al. (2009) conducted a meta-analysis revealing consistent FG/ITG activation during
semantic tasks, supporting its function in integrating visual and conceptual information.
Similarly, Visser et al. (2010) found bilateral anterior temporal lobe activation, including
the ITG, during time-constrained semantic categorization. Shkurko et al. (2013) reported
that this region, while influenced by top-down processes, responds to outgroup stimuli and
to non-facial, socially meaningful cues (Hein et al., 2010), indicating a role in encoding
identity-relevant social information. Furthermore, Jonas et al., (2016) documented face-
selective responses in the anterior ITG and MTG, suggesting these areas contribute to
facial identity representation by linking perceptual and semantic data. Overall, these
findings argue for the ITG’s broader function in integrating perceptual and conceptual
aspects of socially salient stimuli, especially in person perception and categorization

contexts.

Cognitive Functions and working memory activation: Activity in the Right Middle
Frontal Sulcus and Left Middle Frontal Gyrus (MFG), both of which are considered parts
of the Dorsolateral Prefrontal Cortex (DLPFC), points to increased cognitive control.
These areas are often involved in explicit or conscious behaviors and thoughts. Processes
like suppressing automatic reactions or updating old beliefs towards a social group would
likely engage the DLPFC (Forbes & Grafman, 2013).

Although the primary goal of our fMRI paradigm was to study face perception, the nature
of our task — the “Face Perception Task™ inherently involved working memory (WM)
processes, such as encoding, maintenance, and comparison of face stimuli. Therefore,
one would expect consistent recruitment of core WM-related regions—such as the middle
frontal gyrus (MFG) and right superior frontal gyrus (SFG)—across all trials, irrespective
of the social attributes of the faces being evaluated. In line with this, Yaple et al. (2019)
reported that both right MFG and right SFG are frequently activated during working
memory tasks.

Therefore, the modulation in activation patterns within these regions following the social

categorization intervention is theoretically unexpected under a purely domain-general WM
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account. Notably, however, regions associated with executive control (rMFG, rSFG) and
attentional switching (right inferior frontal gyrus, RIFG) exhibited differential activation
patterns depending on the group membership of the perceived face. This finding suggests
that working memory processes may be susceptible to top-down modulation by the social
category or attributes of the stimulus. These effects appeared even though the physical
appearance of the faces remained unchanged. This supports the idea that socially salient

cues—such as group membership— can reshape how we see and remember others.

4.11.3 Hypothesis 3: Correlation Between Neural Discriminability and Behaviorally
Reported Dissimilarity Maps
In Hypothesis 3, we focused more on the post-intervention behaviorally reported
perceived dissimilarity between the eight students in terms of physical facial features,
personality, and social life. In this investigation, we looked for brain searchlights that
showed post-intervention dissimilarity patterns of fMRI activity that were positively
correlated with the behaviorally reported patterns. Therefore, regions that showed a
significant positive correlation with the behaviorally reported dissimilarity maps were able

to track and represent the perceived group topology over different behavioral dimensions.

We searched for regions whose neural discriminability patterns correlated with
behaviorally reported perceived dissimilarity maps across all three dimensions. No such
brain regions were identified, suggesting that no neural system uniformly tracked
interpersonal similarity across both semantic and perceptual domains. However, we found
significant correlations between neural and behavioral dissimilarity patterns of personality
and social life in the right insula, posterior segment of the right lateral fissure, left posterior
superior temporal gyrus (STG), and left anterior superior temporal sulcus (STS). These
areas did not show similar correlations with dissimilarity ratings in physical facial features,
supporting a dissociation between neural representations of perceptual and semantic trait
information.

The involvement of these regions aligns well with existing literature on the neural basis
of social cognition. The insula has been implicated in emotional awareness and
interoceptive processing, emotional responses in social interactions (Craig, 2009; Uddin
et al., 2017; Boucher et al, 2015). The anterior insula has also been linked to social affect,

including empathy, emotional salience, and norm violation detection (Gu et al., 2013;
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Lamm & Singer, 2010). Anterior STS plays a key role in encoding social salience and has
been shown to track socially meaningful distinctions even in the absence of overt task
demands. The anterior STS is implicated in social tasks like social concepts (Zahn et al.,
2007), semantic judgments about people (Mitchell et al., 2002), and voice-identity
(Perrodin et al., 2015). The region in the left STG seems, however, to be posterior to the
areas involved in semantic processing, as it is rather known for its role in speech
processing (Ozker et al., 2024).

The current results extend this literature by showing that after social group
membership is revealed, these areas appear to encode a similarity structure that mirrors
behavioral impressions, even though participants were not explicitly asked to make
semantic evaluations during scanning. This suggests that the brain constructs and
maintains socially meaningful representational spaces that align with observers’
perceptions of others’ traits, particularly along dimensions shaped by group membership.
Although these regions discriminated between the faces of the students in a way that
correlated positively with behaviorally reported perceived dissimilarity in social life and
personality (semantic judgments) and not in physical facial feature (perceptual
judgments), we cannot rule out that the correlation in these common regions could be
because the behaviorally reported dissimilarity pattern in post-intervention ratings showed
social categorization only for semantic judgments but not for perceptual judgments, which
means that the pattern of neural representations might reflect ingroup/outgroup

distinctions, rather than a finer-grained encoding of trait dissimilarity.

4.11.4 Theoretical Implications

These findings contribute to a growing body of literature demonstrating the flexibility of
social cognition. Using a controlled intervention (revealing group membership of newly
encountered students), we managed to causally link cognitive group labeling with both
perceptual judgment and neural representation changes. Moreover, the separation of
traits into perceptual (physical facial features) and semantic (personality and social life)
enables a better understanding of how different levels of social information are processed.
Notably, the results support a dynamic model where social information shapes the

perception of persons.
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4.11.5 Limitations and Future Directions

Despite these insights, several limitations must be acknowledged. First, the sample size,
while within norms for neuroimaging studies, limits generalizability. Second, the use of
university-based group labels (Natural Sciences vs. Arts and Humanities) may not evoke
strong real-world social identities, potentially underestimating effects. Future studies could
incorporate more emotionally salient or identity-relevant groupings to test the boundaries
of these effects. Additionally, while the searchlight analysis identified cortical regions
involved in group-based categorization, further work is needed to map and understand the
specific functional roles of these areas from a network perspective. And to integrate this

research with previous literature.

4.11.6 Conclusion

This study advances our understanding of how group membership information reshapes
both subjective social perception and the neural representation of others. By linking
behavioral and neural data through a robust experimental design, we provide compelling
evidence for the flexibility of social categorization mechanisms and their impact on

interpersonal cognition.
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5 Discussion and Conclusion

Throughout this thesis, we focused on studying the perception of social groups from an
individual's point of view. We approached the topic from both psychological and
neurological perspectives. We measured how students were perceived before and after
being assigned to a social group. We also measured the outgroup homogeneity effect, the
perceived similarity between individuals over a perceptual trait (physical facial similarity)
and more semantic traits (personality and social life). Most importantly, we compared
perceptual ratings of students resulting from group-level rating tasks to ratings resulting

from individual-level rating tasks.

In the first study, we started by replicating an experiment by Pickett & Brewer (Pickett
& Brewer, 2001), hoping to replicate the outgroup homogeneity effect (Ostrom &
Sedikides, 1992) and the influence of social identity threat on perceived ingroup and
outgroup homogeneity. Unfortunately, we got mixed results from the first experiment,
where we managed to replicate the outgroup homogeneity effect using group-level tasks,
but we couldn’t replicate the effect of social identity threat on the perceived outgroup
homogeneity. Most importantly, we discovered a discrepancy between individual-level and
group-level tasks of social group perception. This discrepancy motivated us to focus on
individual-level tasks, which were more appropriate to conduct when combining behavioral
measurement with functional MRI scanning. Using the pairwise similarity task developed
in Study 2, we managed to behaviorally measure social categorization caused by
revealing the group membership of newly encountered students.

Following this finding, we progressed to add an fMRI task before and after revealing
the group membership of the students in our third study. We managed again to find the
same social categorization effect as in Study 2. In addition, we found a set of brain regions
in the bilateral ITG and DLFPC, and the right IFG and OFC, which changed their neural
representations to the students’ faces after revealing the group membership of the
students. Our intervention caused these regions to either a) show more similar
representations between the faces belonging to the same group, or b) decrease similarity
between representations of faces belonging to different groups, or c) both effects. This
resulted eventually in these regions showing social categorization, where the ability to
discriminate between faces belonging to different groups is significantly higher compared

to faces belonging to the same group. In addition, we also identified a set of regions that
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exhibited a post-interventional discriminability pattern between faces, which significantly
correlated with the behaviorally reported perceived dissimilarity in personality and social
life. These regions included the right insula, left anterior STS, and left posterior STG.
The importance of these studies lies not only in their results but also in the
opportunities they present. We claim that studying group perception on the individual level,
using the pairwise similarity concept, provides an opportunity for an indirect and replicable
mapping of the perceived social group structure over any trait in question. Another
advantage is the compatibility of the pairwise similarity concept with representational

similarity analysis (RSA), which allows for multimodal integration and correlation of results.
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6 Abstract

This thesis investigates the cognitive and neural mechanisms underpinning the perception
of group homogeneity and the similarity between individuals belonging to the same or
different social groups. Across three empirical studies, it explores how social identity and
categorization influence both behavioral judgments and brain activation patterns
associated with perceived similarity.

Study 1 replicates and extends foundational work on Optimal Distinctiveness Theory,
testing how identity threat modulates perceived similarity and stereotypicality in in-group
and out-group evaluations. Despite using both group-based and individual-based tasks,
the study found only partial support for the predicted increase in perceived out-group
homogeneity, while revealing nuanced differences based on measurement type and
participant identification strength. Study 2 introduces a novel pairwise similarity rating
paradigm to quantify fine-grained behavioral ratings of perceived similarity between
individuals belonging to two social groups. The study establishes this method’s
effectiveness in measuring social categorization of individuals and demonstrates how
information about group membeship of individuals influence perceived similarity
judgments between these individuals, even on traits which are indirectly related to the
group membeship. Study 3 combines behavioral similarity measures with fMRI to identify
brain regions encoding social categorization. Using representational similarity analysis
(RSA), it reveals that the right orbitofrontal cortex, bilateral inferior temporal gyri,and the
right inferior frontal and bilateral middle frontal gyri are sensitive to social group and reflect

changes in perceived similarity induced by social categorization.

Together, these studies advance our understanding of how the human brain
dynamically constructs and updates social similarity representations. The findings
highlight the interplay between identity processes, cognitive evaluations, and neural

coding, contributing to theories of social cognition and the neural basis of categorization.
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12 Appendix

12.1 Self-Assessment Questionnaire (SAQ)
BOGUS PERSONALITY TEST
Now rate how gertain you are of your standing on each of the above traits (you may

B S PERSONALITY TEST

Your Name: choose any letter).
Self-Attributes Questionnaire (SAQ) a0t n‘:JI B ¢ mEdmlelEy F G H emfneiy
certain certain certain
This questionnaire has to do with your attitudes about some of your activities and abilities.
Far the first ten items, you should rate yourself relative to ather college students your own | oo ey o o
age by using the following scale: ' —
A B c N E F G H [ ] 2. social skills/social competence
bottom lower lower lower lower upper upper upper upper lop o . -
S% 0% 20% 30% S0% 50% 30% 20% 10% 5% 3. antistieandfor musical ability —
4. compet kill at sport:
An example of the way the scale works is as follows: if one of the traits that follows were ency ar sk at sporcs
“height”, a woman who is just below average in height would choose “E” for this 5. physical attcactiveness
question, whereas a woman who is taller than 80% (but not taller than 90%) of her female ’ -
classmates would mark “H”, indicating that she is in the t1op 20% on this dimension: 6. leadership ability
Please rate yourself on the following traits using the scale above. 7. common sense
| sense of humor 8. emotional stability
9. luck
2. social skills/social competence
10. discipli
3. artistic and/er musical ability scipine
4. competency or skill at sports PLEASE READ

How the scoring works:

5. physical attractiveness
N All of the ratings are converted into numerical scores and then your ratings on the first

6. leadership ability —_— part are multiplied by your certainty ratings and then averaged across the ten traits. These
scores are then standardized into a single percentile ranking which ranges from 0 to 75.

7. common sense R (Standardizing scores allows for easier comparisons across groups of people.)

8. emotional stability N While you complete the next part of the study, the experimenter will enter the results of
this questionnaire into a computer program which will automatically score your

9. luck —_— questionnaire. As mentioned earlier, the results of this questionnaire will be made

o available to you and your discussion partner as a means of facilitating the discussion.
10. discipline JRE— When you are finished reading, please hand this questionnaire to the experi .

12.2 Manipulation Check Questionnaire

Wie hat Sie Ihr SAQ-Ergebnis im Vergleich mit anderen Geisteswissenschaftsstudent*innen Wie war der Durchschnitt von Geisteswissenschaftsstudent*innen verglichen mit dem
i 2 .
funlen lassen Durchschnitt von Naturwissenschaftsstudentinnen?
sehr etwas leicht tral leicht etwas sehr o
anders anders anders nevta ahnlich ahnlich ahnlich Ungefahr gleich Sehr unterschiedlich
Wie hat Sie Inr SAQ-Ergebnis Uber die Gruppe Geisteswissenschaftsstudent*innen fuhlen Was war der Durchschnitt fur Geisteswissenschaftsstudenttinnen im SAQ?
lassen?

]

Dass Geisteswissenschaftsstudentinnen zu
Naturwissenschaftsstudent*innen sind.

Was war der Durchschnitt fir Naturwissenschaftsstudent®innen im SAQ?

sehr etwas leicht leicht etwas sehr
anders anders anders i ahnlich ahnlich ahnlich |:I

Fanden Sie etwas komisch oder auBergewshnlich an dieser Studie? Wenn ja, was?
Was war Ihr Ergebnis im SAQ?

Wie haben Sie im Vergleich zum Durchschnitt Ihrer Gruppe Geisteswissenschaftsstudent*innen
abgeschnitten? Was denken Sie ist das Ziel dieser Studie?

Ungefahr gleich Uber dem Durchschnit Unter dem Durchschnitt |
VA




