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Abstract: This study examines the effect of perspective-taking via embodiment in virtual reality (VR)
in improving biases against minorities. It tests theoretical arguments about the affective and cognitive
routes underlying perspective-taking and examines the moderating role of self-presence in VR
through experiments. In Study 1, participants embodied an ethnic minority avatar and experienced
workplace microaggression from a first-person perspective in VR. They were randomly assigned to
affective (focus on emotions) vs. cognitive (focus on thoughts) perspective-taking conditions. Results
showed that ingroup bias improved comparably across both conditions and that this effect was driven
by more negative perceptions of the majority instead of more positive perceptions of minorities. In
Study 2, participants experienced the same VR scenario from the third-person perspective. Results
replicated those from Study 1 and extended them by showing that the effect of condition on ingroup
bias was moderated by self-presence. At high self-presence, participants in the affective condition
reported higher ingroup bias than those in the cognitive condition. The study showed that in VR,
the embodiment of an ethnic minority is somewhat effective in improving perceptions towards
minority groups. It is difficult to clearly distinguish between the effect of affective and cognitive
routes underlying the process of perspective-taking.

Keywords: cognitive perspective-taking; affective perspective-taking; VR avatar; embodiment in VR;
virtual reality; presence; ingroup bias

1. Introduction

Embodiment in virtual reality (VR) has been an ongoing research field. The term
embodiment has been applied across various multidisciplinary contexts, and therefore its
conceptualization differs largely based on the context of which embodiment is being
considered. In the context of VR, however, embodiment can be defined as sensations that
result from being inside, having, and controlling any object in VR [1]. For VR particularly,
embodiment has been linked to presence (the sense of being in a virtual location), in which
embodiment plays a role in an individual’s self-representation [2–4]. The experience of
individuals embodying a different identity reduces cognitive boundaries between the self
and the other, effectively enabling individuals to adopt the social identity of the other [5].
Past studies have examined how VR can be used to mitigate prejudice by allowing users
to embody an avatar of a different racial group. Prejudice, in most of these studies, was
measured as implicit racial bias using the implicit association test (IAT) [6]. However, the
results of these studies have been inconclusive. While some studies have found that VR
can be used to reduce prejudice [7–9], one study found that VR led to increased prejudice
instead [10]. Moreover, Hasler, Spanlang and Slater [11] found no difference in implicit
prejudice change between White participants who embodied a White ingroup avatar and
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those who embodied a Black outgroup avatar. One of the reasons for the inconclusive
results might be due to how perspective-taking occurs in VR.

Perspective-taking is a person’s ability to interpret the world from other points of view,
and it enables them to predict other individuals’ behaviors and reactions [12,13]. Studies
show that perspective-taking is effective in reducing racial prejudice [14,15] and promoting
prosocial behavior towards outgroup members [16–18]. Therefore, most past studies
assume VR embodiment allows participants to take the perspective of racial others by
simply putting them into another identity in VR, and that simple embodiment subsequently
influences participants’ attitudes towards racial outgroup members [7–9].

Based on this conceptualization, embodiment is often used interchangeably with
cognitive perspective-taking in VR [8,9,19]. However, Todd and Galinsky [20] delineated
perspective-taking mechanisms as being affective or cognitive. Cognitive perspective-
taking is an individual’s ability to deduce another’s beliefs or thoughts, while affective
perspective-taking is the individual’s ability to deduce the feelings or emotions of an-
other [21]. Theoretically, both cognitive and affective perspective-taking mechanisms,
when studied separately, can lead to prosocial behaviors [22]. Only a few studies have em-
pirically tested multiple perspective-taking mechanisms together. Mixed results have been
obtained regarding the effect of perspective-taking on improving intergroup attitudes. One
study found a cognitive mediator (in the form of situational attributions, which is related
to one’s beliefs or thoughts) to be the most important in reducing prejudice [23], while it
was found to be an affective mediator (in the form of feelings of perceived injustice for the
outgroup, which is related to one’s feelings and emotions) in another [24]. To the best of our
knowledge, no study has looked at affective perspective-taking mechanisms or comparing
multiple perspective-taking mechanisms simultaneously for their role in changing percep-
tions of outgroup ethnic minorities in VR. As such, to address this research gap, the current
study aims to compare the effect of affective and cognitive modes of perspective-taking
through racial embodiment on intergroup attitudes in a VR environment.

A related issue that has been discussed in the VR embodiment literature is sex dif-
ferences. Kessler and Wang [25] showed that female participants were more strongly
embodied than males. This same effect was verified in a Western sample, but the opposite
was found in an East Asian sample, where male participants were more embodied than
females [26]. In another study [27], female participants perceived lower levels of presence
and more eeriness when they embodied male avatar hands, whereas male participants did
not react to the difference in the sex of the virtual hands in terms of perceived presence in
VR. Embodying female avatars has also been found to lead to higher levels of implicit gen-
der bias than embodying male avatars [28]. These inconclusive results about sex differences
in VR embodiment suggest more studies are needed to add to the literature. This study,
therefore, also explores the potential effects of embodying a male minority avatar in VR.

Furthermore, the majority of studies on embodiment in VR mentioned earlier have
simply put participants into a partial virtual body that represents racial others and involved
simple tasks, such as body movement. Past studies have found that social interaction may
instead enhance the effects of immersion in VR, especially if the interactions have high
fidelity, due to having common goals that allow them to engage in the virtual experience
more deeply [29–31]. Therefore, the current study not only allowed participants to embody
an ethnic minority but also involved them interacting with non-player VR characters of the
majority group who displayed microaggression.

The present study examined whether perspective-taking instructions given in a cog-
nitive or affective manner have an effect on reducing ingroup biases among participants
from the majority ethnicity through the virtual embodiment of a minority in Singapore.

2. Cognitive vs. Affective Perspective-Taking

Generally, perspective-taking is regarded as a critical social thinking skill that is
fundamental to social group participation [32] and proper social functioning [14]. The
ability to take the perspectives of others is significant in many social domains, such as
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moral reasoning [33], altruism [34], social aggression [35], empathy [36], and fundamental
attribution error [37].

Two types of mechanisms underlying perspective-taking—affective and cognitive—
have been identified in past research. Affective mechanisms include parallel empathy—
feeling the same emotions a target experiences—and reactive empathy—empathic concern
or emotions felt in response to a target’s experience [38]. Cognitive mechanisms, on the
other hand, include the process of self-other merging, which entails greater overlap between
mental representations of the self and the other [39], as well as shifts in attributional
thinking—from dispositional to situational attributions of target behavior [40]. When
people are encouraged to take the perspective of an outgroup member, they are more likely
to adopt a pattern of attributional thinking that they would apply to ingroup members or
themselves [23]. That is, they are more likely to attribute a negative outcome to external
situational factors instead of stereotype-consistent dispositional factors.

Despite the neurological evidence that there is a difference between cognitive and af-
fective perspective-taking [21], there are very few empirical studies that have attempted to
distinguish between cognitive and affective perspective-taking. Batson and colleagues [41]
investigated whether affective perspective-taking (empathy) towards members of stig-
matized groups could improve the individual’s attitudes towards the group in general.
Two experiments found that inducing empathy towards a young woman with AIDS and
towards a homeless man resulted in more positive attitudes towards the aforementioned
two groups. A third study used convicted murderers, a highly stigmatized group, as the
target, and found significantly improved attitudes towards them about one to two weeks
later. This study only studied affective perspective-taking.

Two studies have empirically tested the effect of both affective and cognitive perspective-
taking on intergroup attitudes. Dovidio and colleagues [24] examined the effect of perspective-
taking on White participants’ attitudes towards Blacks and further explored the mediating
roles of various affective (empathic concern, personal distress, feelings of injustice, liking)
and cognitive (self-other overlap, cognitive representations of the victim, stereotyping)
mediators. The results found participants in the perspective-taking condition showed
better attitudes towards Blacks compared to the control conditions and that the only
reliable mediator was an affective one—feelings of injustice. However, the opposite result
was found in Vescio, Sechrist, and Paolucci’s [23] study. They examined the effects of
perspective-taking on intergroup attitudes and investigated the mediating roles of affective
(empathy) and cognitive (situational attributions) mechanisms. The results found that
perspective-taking led to better intergroup attitudes compared to taking a detached and
objective perspective and that situational attributions (cognitive) was a more reliable
mediator of this relationship compared to empathy (affective).

Therefore, it remains unclear whether affective or cognitive modes of perspective-
taking will exert differential effects on intergroup attitudes. To fill this research gap, the
current study directly compares the two mechanisms using a between-subject design.

3. Self-Presence

Self-presence refers to the extent to which people are able to perceive their virtual
self through the embodiment of a virtual body [42]. It is a state in which individuals
perceive their virtual self-representation as if it were their actual self [3] and gives them
an awareness that they are inside a virtual environment [2]. Through experiencing self-
presence, a person’s identity becomes intertwined with their virtual self-representation,
which then impacts their offline behavior [43]. Attributes and experiences characteristic
of their embodied outgroup may also be internalized and integrated into their own per-
ception of themselves [2]. It is worth noting that perspective-taking and self-presence
are two distinct concepts in the current study. Perspective-taking refers to the ability of
an individual to either (1) take on the viewpoint of another individual’s thoughts, and
beliefs (cognitive perspective-taking) or (2) feel another individual’s feelings and emotions
(affective perspective-taking) [20,21]. The emphasis is on shifting the perception to that
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of others. Self-presence, on the other hand, focuses on the overlapping of the virtual and
actual self.

The literature has suggested that presence and self-presence in VR can influence real-
world attitudes and trigger behavioral change [44]. Self-presence in a virtual environment
affects one’s perception of their identity and body image [43,45]. The greater the level of self-
presence, the more likely one would use their virtual representation to make judgments of
themselves and others. Self-presence is also the mechanism through which mirrored selves
are realized [43]. Mirrored selves are a phenomenon proposed by Behm-Morawitz [43],
where the mirror version of the self (virtual representation) is reflective of the real self
(offline self). The mirror self is not just a copy of the self but a simulated extension that
can influence attitudes and behavior, both online and offline. In her study on health and
appearance, Behm-Morawitz [43] found that self-presence had a strong influence over how
participants perceived their mirrored selves, significantly predicting offline behavior.

Through stimulating a heightened sense of realism, participants undergo an attitude
change in the online world that can be extended to the offline world [46,47]. For example,
participants who experienced a VR simulation of being color-blind were found to be
twice as more likely to help a color-blind person compared to participants who had only
imagined being color-blind [46]. Therefore, in Study 2, we investigate the moderating role
of self-presence in the relationship between perspective-taking and intergroup attitude.

4. Overview of Studies

Two experiments were conducted to test the two proposed perspective-taking mecha-
nisms (affective vs. cognitive) via VR embodiment of an ethnic minority avatar in changing
attitudes towards minorities in Singapore. Singapore is a multiracial country. However,
ethnic Chinese are by far the largest majority group, making up more than 75% of the pop-
ulation [48]. A 2016 survey of 2000 Singapore residents aged 21 and older found that 60%
have heard racist comments and that almost half of those were made by a colleague, high-
lighting the problem of pervasive racial prejudice in the society [49]. In the present studies,
ethnic Chinese (majority group) participants embodied an ethnic minority avatar and
experienced microaggression in a work setting. Both studies employed a between-subject
design to compare the proposed affective and cognitive mechanisms of perspective-taking.

In Study 1, VR was experienced from the first-person perspective. The study sought
to test the effectiveness of embodying a minority on improving perceptions of minorities,
ingroup bias, empathy, and attributional thinking. The main aim of this study was to
compare affective and cognitive mechanisms of perspective-taking on these outcomes.
In Study 2, VR was experienced from the third-person perspective. The study sought to
replicate the results from Study 1 and extend them by including a behavioral measure of
helping behavior and examining the moderating role of self-presence.

4.1. Study 1

Study 1 examined the effectiveness of a VR avatar embodiment from the first-person
perspective on reducing biases against minorities. It aims to empirically test the effect of
affective vs. cognitive perspective-taking mechanisms in changing the majority groups’
attitude, closeness, and ingroup bias towards minorities. Ingroup bias refers to differential
treatment towards the ingroup and outgroup. While implicit measures of prejudice take
this relative nature into consideration [6,50,51], studies that examine explicit measures
of prejudice typically do not and instead solely focus on attitudes toward the outgroup.
One exception is a study conducted by McConnell and Leibold [52] where explicit racial
attitudes were operationalized as the relative difference between attitudes toward ingroup
and outgroup and were found to correlate with implicit racial prejudice (implicit associ-
ation test) and a relative behavioral measure of social interaction (ingroup vs. outgroup
experimenter ratings). Study 1 expands this literature by including ingroup bias as a
variable. The following hypotheses are proposed.
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Hypothesis 1. Embodying a minority avatar in VR will lead to more positive attitudes
towards minorities.

Hypothesis 2. VR embodiment will reduce ingroup bias, as measured by attitudes.

Hypothesis 3. Embodying a minority avatar in VR will lead to greater self-other overlap with minorities.

Hypothesis 4. VR embodiment will reduce ingroup bias, as measured by self-other overlap.

Hypothesis 5. The relationship between affective condition and ingroup bias will be mediated
by empathy.

Hypothesis 6. The relationship between cognitive condition and ingroup bias will be mediated by
situational attribution.

As reviewed earlier, few studies have directly compared affective vs. cognitive mech-
anisms of perspective-taking, and results have been mixed [23,24]. Thus, we took an
exploratory approach to the following:

Research Question 1. Will there be differences in the effect of VR embodiment
between affective and cognitive conditions, on attitudes toward minorities, self-other
overlap with minorities, ingroup bias measured by attitudes, or ingroup bias measured
by self-other overlap?

4.1.1. Method
Participants

Participants were recruited through email sent to randomly selected email lists in a
public university in Singapore. Recruitment criteria required participants to be Singaporean
citizens of Chinese ethnicity (majority group) and aged 21 and above. Based on a medium
effect size of f = 0.25, an a priori power analysis performed with G*Power 3.1 [53] for
alpha = 0.05 and power = 0.80 indicated a sample size estimate of n = 62 based on a
repeated-measures ANOVA with within-between interaction.

The final sample consists of 71 participants (33 females; age: M = 24.28, SD = 1.75).
The experiments were completed on an individual basis, and participants were randomly
assigned to the affective (n = 35) and cognitive (n = 36) conditions. Participants were paid
SGD 5. The study protocol and all procedures performed were approved by the University
ethics committee and in accordance with the 1964 Helsinki declaration. Informed consent
was obtained from all participants.

Apparatus

The VR simulation was developed with the Unity platform. Participants wore an HTC
Vive head-mounted display (HMD) headset with full auditory and visual immersion. The
experimental setup involved two computers: the survey computer, in which participants
filled out questionnaires, and the computer that ran the VR simulation, which was operated
by a researcher. A chair was fixed in the middle of the room, where participants were
seated and equipped with the VR headset to view the VR simulation. Participants also
held one controller in each hand to simulate hand movements and interact with objects in
the VR environment.

VR Simulation

All participants viewed the simulation from the first-person perspective (see Figure 1).
The participant embodied a male ethnic minority office worker in the VR simulation that
consisted of three different scenes. In the first scene, the participant read instructions to
arrange items on a desk. This was done to orientate them in the virtual environment.
A mirror was placed on the desk for the participant to view the minority avatar they
embodied. In addition, there was a name holder on the desk that showed the embodied
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avatar’s name, which was a common Malay name in Singapore. The second scene began
once the participant finished rearranging their items. The participant was now seated
in a meeting room and listened to a discussion regarding the distribution of workload.
During the discussion, a female Chinese colleague made stereotypical remarks towards
the participant. The remarks implied that the participant was incapable of performing a
difficult financial task because of his ethnicity. The third scene then began. The participant
was now seated in a conference room and watched another male Chinese colleague make
condescending remarks towards a fellow ethnic minority colleague. The remarks mocked
the colleague’s dietary restrictions associated with his ethnic group.
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Procedure

Upon arrival at the lab, participants completed a pre-test survey that measured their
pre-VR baseline (a) attitudes towards and (b) self-other overlap with members of the
majority and minority groups. Then participants were randomly assigned to read the
following instructions for the affective or cognitive conditions:

Affective instructions: You will now start your VR experience. As you are doing so,
please focus on your feelings about the situations that occur. What are your emotional
responses to these situations? How do these situations make you feel? Remember, please
pay attention to how you are feeling.

Cognitive instructions: You will now start your VR experience. As you are doing so,
please focus on your thoughts about the situations that occur. How would you analyze
these situations? What thoughts come to mind in response to these situations? Remember,
please pay attention to what you are thinking.

After this, participants indicated that they understood the instructions clearly before
proceeding. Next, participants were directed to sit on the chair in the middle of the room
and received identical, short briefings on how to use the controllers in the simulation.
Once participants were ready, the researcher started the simulation. Once the simulation
ended, participants were redirected to the survey computer to finish the post-test sur-
vey, which measured post-VR attitudes, self-other overlap, and proposed affective and
cognitive mediators.
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Measures

Attitudes. Participants’ attitudes were measured using feeling thermometers. The
feeling thermometer measures favorability [54] and allows participants to make fine-
grained distinctions using a continuous scale [55]. Three thermometers from a scale of
0 to 100◦ (“Very Cold–Very Warm”, “Unfavourable–Favourable”, “Dislike–Like”) were
used to measure participants’ attitudes towards majorities and minorities, respectively.
The scale showed good internal reliability (majorities: pre-test Cronbach’s α = 0.95, post-
test Cronbach’s α = 0.98; minorities: pre-test Cronbach’s α = 0.96, post-test Cronbach’s
α = 0.97).

Ingroup bias for attitudes was computed as the difference between attitudes towards
majorities and minorities, with larger positive scores reflecting greater ingroup bias [52].

Self-other overlap. The inclusion of others in the self scale [56] was used to measure
how close the participant felt towards majorities and minorities. The scale consists of seven
depictions of two circles with increasing overlap, the first representing the self and the
second representing the other. The scale ranged from 1 (no overlap at all) to 7 (almost
completely overlapping).

Ingroup bias for self-other overlap was computed as the difference between self-other
overlap with majorities and minorities (higher scores reflect greater ingroup bias).

Empathic feelings. Four items adapted from Batson et al. [41] were used to measure
empathy. Participants rated the degree they felt “moved”, “compassionate”, “soft-hearted”,
and “warm” when they thought back to the experience of microaggression in VR, using
a seven-point Likert scale (1 = “Not at all”, 7 = “Extremely”). Responses to each emotion
were averaged to compute a score for empathy (α = 0.75).

Situational attributions. Participants were asked to think about the two scenarios
in VR where they experienced and witnessed prejudiced remarks. Specifically, they were
asked to think about (a) the scene when the colleague from the majority ethnicity made
certain remarks regarding workload division and (b) the scene when the colleague from
the majority ethnicity made certain remarks to another colleague from a minority ethnicity
during the lunch meeting. For each scenario, participants rated how important situational
factors were in causing what happened on a scale of 1 = “Extremely unimportant” to
9 = “Extremely important” [23]. Situational factors were defined as the circumstances
of the situation or factors beyond the victims’ control. Ratings for both scenarios were
averaged to create a score for situational attributions (Cronbach’s α = 0.79).

Data Analysis

To investigate differences in attitudes towards minorities and majorities from pre-test
to post-test and how this differed by condition, a mixed factorial analysis of variance
(ANOVA) with time (pre vs. post) and group (minority vs. majority) as within-subject
factors, and condition (affective vs. cognitive) as a between-subject factor was conducted.
Post hoc paired t-tests were conducted with a Bonferroni corrected alpha level of 0.013.
This was repeated for self-other overlap.

To examine the mediational roles of empathy and situational attributions in affective
and cognitive conditions, respectively, we first compared if the conditions had an effect
on these variables by conducting independent samples t-tests. Mediational analyses were
conducted using Model 4 of the PROCESS macro (version 3.5) in SPSS [57].

We further investigated if there were any sex differences. Chi-square tests on the
distribution of sex between groups were first conducted. Next, sex was included as a
between-subject factor in a mixed factorial ANOVA (sex × condition × time × group) for
attitudes and self-other overlap, and in a factorial ANOVA (sex × condition) for empathy
and situational attributions.
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4.1.2. Results
Attitudes

There was no main effect of condition F(1, 69) = 2.30, p = 0.13, ηp
2 = 0.03, and no

main effect of group F(1, 69) = 0.55, p = 0.46, ηp
2 = 0.01. The main effect of time was

significant F(1, 69) = 26.28, p < 0.001, ηp
2 = 0.28. The time × group interaction effect

was significant F(1, 69) = 21.08, p < 0.001, ηp
2 = 0.23. The remaining interaction ef-

fects all failed to reach statistical significance—time × condition F(1, 69) = 2.56, p = 0.11,
ηp

2 = 0.04; group × condition F(1, 69) = 0.38, p = 0.54, ηp
2 = 0.01; time × group × condition

F(1, 69) = 1.55, p = 0.22, ηp
2 = 0.02. Post hoc tests for effects of time within condition showed

that attitudes towards minorities did not significantly change in either condition (affective
pre: M = 72.55, SD = 10.82; post: M = 70.01, SD = 12.32; t(35) = −1.65, p = 0.11, d = −0.28;
cognitive pre: M = 66.68, SD = 16.37; post: M = 68.46, SD = 14.82; t(34) = 1.61, p = 0.12,
d = 0.27). In contrast, attitudes towards majorities significantly worsened in both conditions
(affective pre: M = 77.05, SD = 13.11; post: M = 69.40, SD = 16.90; t(35) = −4.09, p < 0.001,
d = −0.68; cognitive pre: M = 71.30, SD = 15.92; post: M = 64.18, SD = 17.13; t(34) = −4.96,
p < 0.001, d = −0.84). Post hoc tests for effects of group within condition showed that
attitudes towards minorities was significantly worse than majorities at the pre-test in the
affective condition t(35) = −2.85, p = 0.01, d = −0.47. It was also worse in the cognitive
condition t(34) = −2.14, p = 0.04, d = −0.36), but this contrast did not survive Bonferroni
correction. At post-test, attitudes towards minorities did not significantly differ from
majorities in both conditions (affective t(35) = 0.23, p = 0.82, d = 0.04; cognitive t(34) = 1.63,
p = 0.11, d = 0.28). Results are depicted in Figure 2.
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Self-Other Overlap

There was no main effect of condition F(1, 69) = 0.96, p = 0.33, ηp
2 = 0.01. There

was a significant main effect of group F(1, 69) = 63.39, p < 0.001, ηp
2 = 0.48 and time

F(1, 69) = 9.88, p = 0.002, ηp
2 = 0.13. The time × group interaction effect was significant

F(1, 69) = 33.80, p < 0.001, ηp
2 = 0.33. The remaining interaction effects all failed to reach sta-

tistical significance—time × condition F(1, 69) = 1.79, p = 0.19, ηp
2 = 0.03; group × condition

F(1, 69) = 0.82, p = 0.37, ηp
2 = 0.01; time × group × condition F(1, 69) = 1.02, p = 0.32,

ηp
2 = 0.02. Post hoc tests for effects of time within condition showed that self-other with

minorities did not significantly change in the affective condition (pre: M = 3.14, SD = 1.10;
post: M = 3.11, SD = 1.12; t(35) = −0.29, p = 0.77, d = −0.05). In contrast, it significantly
increased in the cognitive condition (pre: M = 2.89, SD = 1.10; post: M = 3.17, SD = 1.20;
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t(34) = 3.69, p = 0.001, d = 0.61). Self-other overlap with majorities significantly worsened in
both conditions (affective pre: M = 5.03, SD = 1.48; post: M = 4.42, SD = 1.70; t(35) = −2.99,
p = 0.01, d = −0.50; cognitive pre: M = 4.57, SD = 1.75; post: M = 4.03, SD = 1.60;
t(34) = −4.89, p < 0.001, d = −0.82). Post hoc tests for effects of group within condi-
tion showed that self-other overlap with minorities was significantly lower than majorities
at pre-test in both conditions (affective t(35) = −8.04, p < 0.001, d = −1.34; cognitive
t(34) = −5.84, p < 0.001, d = −0.99. At post-test, self-other overlap with minorities was also
significantly lower than majorities in both conditions (affective t(35) = −5.47, p < 0.001,
d = −0.91; cognitive t(34) = −2.78, p = 0.01, d = −0.47). The results are depicted in Figure 3.
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Perspective-Taking Mechanisms

The conditions did not differ on empathy (affective: M = 4.13, SD = 1.30; cognitive:
M = 4.20, SD = 1.25; t(69) = 0.23, p = 0.82, d = 0.05). The conditions also did not differ
on situational attributions (affective: M = 6.22, SD = 1.42; cognitive: M = 5.86, SD = 2.23;
t(69) = −0.82, p = 0.41, d = 0.19).

A parallel mediation analysis with 10,000 bootstrap samples was conducted using
Model 4 in PROCESS [57]. We examined the direct and indirect pathways from condition
(IV; cognitive = 0, affective = 1) on post-test ingroup bias measured by attitudes (DV),
with two mediators—empathy (M1) and situational attributions (M2). We controlled for
pre-test ingroup bias measured by attitudes by adding it as a covariate in the model. The
indirect effect through empathy was not significant (b = −0.06, bootstrapped SE = 0.55,
bootstrapped 95% CI: −1.41, 0.93). The indirect effect through situational attributions was
also not significant (b = 0.15, bootstrapped SE = 0.58, bootstrapped 95% CI: −1.11, 1.37).

The same procedure was conducted with ingroup bias measured by self-other overlap.
The indirect effect through empathy was not significant (b = 0.01, bootstrapped SE = 0.04,
bootstrapped 95% CI: −0.09, 0.10). The indirect effect through situational attributions was
also not significant (b = 0.04, bootstrapped SE = 0.06, bootstrapped 95% CI: −0.07, 0.20).

Potential Sex Differences

There were no differences between conditions in the distribution of sex (affective
52.8% female; cognitive 40% female; χ2(1) = 1.17, p = 0.28). There were no main effects
or interaction effects of sex on attitudes, self-other overlap, and empathy. There was a
significant sex × condition interaction effect for situational attributions F(1, 67) = 6.13,
p = 0.02, ηp

2 = 0.08. Among females, situational attributions did not differ by condition
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(affective M = 5.71, SD = 1.69; cognitive M = 6.50, SD = 1.13; t(31) = 1.52, p = 0.14, d = 0.55).
Among males, however, situational attributions was significantly higher in the affective
(M = 6.79, SD = 0.75) than cognitive (M = 5.43, SD = 2.68) condition t(36) = −2.03, p = 0.05,
d = −0.69).

4.1.3. Discussion

While changes in attitudes towards minorities did not reach conventional statisti-
cal significance, they worsened in the affective condition but improved in the cognitive
condition. Attitudes towards minorities were significantly lower than attitudes towards
majorities at pre-test. However, post-test attitudes towards minorities did not significantly
differ from attitudes towards majorities in both conditions. The results suggest that this was
driven by changes in attitudes towards majorities, which significantly decreased in both
conditions. Self-other overlap with minorities did not change in the affective condition,
whereas it increased in the cognitive condition. Self-other overlap with minorities was
significantly lower than self-other overlap with majorities at both pre-test and post-test,
for both conditions. Contrary to expectations, the affective and cognitive conditions did
not differ on empathy and situational attributions. Mediational analyses also found no
support that either variable was a significant mediator of the relationship between con-
dition and ingroup bias measured by attitudes or self-other overlap. We further found
that there were no sex differences in the results. The only exception was for situational
attributions, whereby for males, it was significantly higher in the affective compared to
cognitive condition; there were no differences for females. Overall, the results suggest that
the cognitive condition was more effective in improving self-other overlap with minorities
compared to the affective condition.

4.2. Study 2

Study 2 uses the third-person perspective in VR and examines the same hypotheses
(Hypotheses 1 to 6) and research question (RQ1) from Study 1. As an extension, it added a
measure of helping behavior in VR and also explored the moderating role of self-presence.
The following research questions were added:

Research Question 2. Will there be differences in helping behavior between affective
and cognitive perspective-taking?

Research Question 3. How will self-presence impact the effect of affective and cog-
nitive perspective-taking on attitudes to minorities, self-other overlap with minorities,
ingroup bias measured by attitudes, and ingroup bias measured by self-other overlap?

4.2.1. Method
Participants

Participants were recruited through email sent to randomly selected email lists at a
public university in Singapore. Recruitment criteria required participants to be Singaporean
citizens of Chinese ethnicity (majority group) and aged 21 and above. Based on a medium
effect size of f = 0.25, an a priori power analysis performed with G*Power 3.1 [53] for
alpha = 0.05 and power = 0.80 indicated a sample size estimate of n = 62 based on a
repeated-measures ANOVA with within-between interaction.

The final sample consists of 73 participants (39 females; age: M = 24.51, SD = 1.79).
Participants were paid SGD 5. Experiments were completed on an individual basis, and
participants were randomly assigned to the affective (n = 36) and cognitive (n = 37) condi-
tions. The study protocol and all procedures performed were approved by the University
ethics committee and in accordance with the 1964 Helsinki declaration. Informed consent
was obtained from all participants.

Apparatus

The experimental setup and equipment were identical to that in Study 1.
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VR Simulation

The VR simulation was identical to that of Study 1, with the exception of two changes.
Firstly, participants experienced the simulation from the third-person perspective (see
Figure 4). Secondly, after the participant witnessed a colleague from the majority ethnicity
make racist remarks to a fellow colleague from a minority ethnicity (scene 3), participants
could respond to the situation by choosing one of three different options: to say something
(to the colleague from the majority ethnicity); to walk away; or to do nothing.
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Procedure

The experimental procedure was identical to that in Study 1.

Measures

All the measures used in Study 1 were included in Study 2.
Attitudes. Feeling thermometers were administered to measure attitudes towards

majorities and minorities (majorities: pre-test Cronbach’s α = 0.94, post-test Cronbach’s
α = 0.95; minorities: pre-test Cronbach’s α = 0.96, post-test α = 0.95). Ingroup bias was
computed as the difference score between attitudes towards majorities and minorities
(higher scores reflect greater ingroup bias).

Self-other overlap. Self-other overlap with majorities and minorities was measured.
Ingroup bias was computed as the difference score between self-other overlap with majori-
ties and minorities (higher scores reflect greater ingroup bias).

Empathic feelings. Responses to the same four adjectives (moved, compassionate,
soft-hearted, warm) were averaged to compute a score of empathy (α = 0.78).

Attributions. Situational attribution was computed as the average of ratings for
situational factors in the two scenarios (Cronbach’s α = 0.77).

Other than the measures above, the following two measures were added:
Helping behavior. After participants heard the micro-aggressive comments made to a

fellow colleague from a minority ethnicity in the last scene of the VR simulation, they were
shown three options and asked to choose which action they would like to take. The three
choices shown were (a) “Say something” (appearing in a text box above the head of the
ethnic majority colleague who exhibited micro-aggression), (b) “Walk away” (appearing in
a text box on top of the door), and (c) “Do nothing” (appearing in a text box on an empty
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space of the wall). Helping behavior was coded as 1 if they chose option (a) and coded as 0
if they chose options (b) or (c).

Self-presence. The self-presence questionnaire [58] was used to assess self-presence.
The scale is made up of 12 items and was rated on a scale of 1 (not at all) to 5 (extremely).
The scale consists of two sub-scales—proto self-presence and core self-presence. Proto
self-presence, also referred to as body-level self-presence, is the extent to which the VR
self-representation is interpreted as part of the participant’s body schema. A sample item
is “when using your avatar, do you feel physically close to the objects and other avatars
in the virtual environment?”. Core self-presence is evoked when interactions within the
virtual environment cause the participant to react emotionally. A sample item is “when sad
events happen to your avatar, to what extent do you feel sad?” The overall scale showed
good internal reliability (Cronbach’s α = 0.84).

Data Analysis

The same analytical strategy from Study 1 was employed to analyze attitudes, self-
other overlap, empathy, situational attributions, and potential sex differences. A chi-square
test of independence was conducted to examine the relationship between condition and
helping behavior. To examine if self-presence moderated the effect of condition on our
outcome variables, a two-step hierarchical regression analysis was conducted by regressing
post-test scores on condition and self-presence in step 1, and then including the interaction
term in step 2. Pre-test scores were added as a covariate in both models.

4.2.2. Results
Attitudes

There was no main effect of condition F(1, 71) = 1.16, p = 0.29, ηp
2 = 0.02. There was a

significant main effect of group F(1, 71) = 6.25, p = 0.02, ηp
2 = 0.08. The main effect of time

was also significant F(1, 71) = 36.70, p < 0.001, ηp
2 = 0.34. The time × group interaction

effect was significant F(1, 71) = 33.01, p < 0.001, ηp
2 = 0.32. The remaining interaction

effects all failed to reach statistical significance—time × condition F(1, 71) = 0.02, p = 0.89,
ηp

2 = 0.00; group × condition F(1, 71) = 0.10, p = 0.75, ηp
2 = 0.00; time × group × condition

F(1, 71) = 0.58, p = 0.45, ηp
2 = 0.01. Post hoc tests for effects of time within conditions

showed that attitudes towards minorities did not significantly change in either condition
(affective pre: M = 67.91, SD = 12.16; post: M = 66.05, SD = 12.39; t(35) = −1.92, p = 0.06,
d = −0.32; cognitive pre: M = 64.52, SD = 15.38; post: M = 63.79, SD = 14.02 t(36) = −0.70,
p = 0.49, d = −0.11). In contrast, attitudes towards majorities significantly worsened in both
conditions (affective pre: M = 74.98, SD = 15.94; post: M = 67.17, SD = 15.49; t(35) = −4.96,
p < 0.001, d = −0.83; cognitive pre: M = 71.59, SD = 16.95; post: M = 63.08, SD = 16.99;
t(36) = −4.77, p < 0.001, d = −0.79). Post hoc tests for effects of group within condition
showed that attitudes towards minorities was significantly worse than majorities at pre-test
in both conditions (affective t(35) = −3.27, p = 0.002, d = −0.54; cognitive t(36) = −2.77,
p = 0.01, d = −0.46. At post-test, attitudes towards minorities did not significantly differ
from majorities in both conditions (affective t(35) = −0.53, p = 0.60, d = −0.09; cognitive
t(36) = 0.35, p = 0.73, d = 0.06. The results are depicted in Figure 5.
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Figure 5. Plot depicting participants’ attitudes towards minorities and majorities at pre-test and
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Self-Other Overlap

There was no main effect of condition F(1, 71) = 0.21, p = 0.65, ηp
2 = 0.00. There was a

significant main effect of group F(1, 71) = 94.00, p < 0.001, ηp
2 = 0.57. The main effect of

time was not significant F(1, 71) = 2.75, p = 0.10, ηp
2 = 0.04. The time × group interaction

effect was significant F(1, 71) = 4.52, p = 0.04, ηp
2 = 0.06. The remaining interaction

effects all failed to reach statistical significance—time × condition F(1, 71) = 1.50, p = 0.22,
ηp

2 = 0.02; group × condition F(1, 71) = 0.55, p = 0.46, ηp
2 = 0.01; time × group × condition

F(1, 71) = 0.29, p = 0.60, ηp
2 = 0.00. Post hoc tests for effects of time within condition showed

that self-other with minorities did not significantly change in both conditions (affective pre:
M = 2.79, SD = 1.15; post: M = 2.79, SD = 1.18; t(35) = 0.00, p = 1.00, d = 0.00; cognitive pre:
M = 2.78, SD = 1.12; post: M = 2.86, SD = 1.12; t(36) = 0.92, p = 0.36, d = 0.15). Self-other
overlap with majorities significantly worsened in the affective condition (pre: M = 5.08,
SD = 1.44; post: M = 4.72, SD = 1.67; t(35) = −3.00, p = 0.01, d = −0.50). In contrast, it did
not change in the cognitive condition (pre: M = 4.70, SD = 1.81; post: M = 4.57, SD = 1.85;
t(36) = −0.68, p = 0.50, d = −0.11). Post hoc tests for effects of group within condition
showed that self-other overlap with minorities was significantly lower than majorities
at pre-test in both conditions (affective t(35) = −7.06, p < 0.001, d = −1.18; cognitive
t(36) = −6.91, p < 0.001, d = −1.14. At post-test, self-other overlap with minorities was still
significantly lower than majorities in both conditions (affective t(35) = −5.81, p < 0.001,
d = −0.97; cognitive t(36) = −6.30, p < 0.001, d = −1.04). The results are depicted in Figure 6.
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Helping Behavior

A chi-square test of independence was conducted to examine the relationship between
condition and helping behavior. The proportion of participants who chose to say something
did not differ by condition (affective: 83.78%; cognitive: 83.33%; χ2(1) = 0.003, p = 0.96).

Perspective-Taking Mechanisms

The conditions did not differ on empathy (affective: M = 3.86, SD = 1.26; cognitive:
M = 3.73, SD = 1.20; t(71) = 0.46, p = 0.65, d = 0.11). The conditions also did not differ
on situational attributions (affective: M = 6.13, SD = 1.78; cognitive: M = 6.21, SD = 2.02;
t(71) = 0.17, p = 0.86, d = 0.04).

A parallel mediation analysis with 10,000 bootstrap samples was conducted using
Model 4 in PROCESS (Hayes, 2013). We examined the direct and indirect pathways from
condition (IV; cognitive = 0, affective = 1) on post-test ingroup bias measured by attitudes
(DV), with two mediators—empathy (M1) and situational attributions (M2). We controlled
for pre-test ingroup bias measured by attitudes by adding it as a covariate in the model.
The indirect effect through empathy was not significant (b = −0.01, bootstrapped SE = 0.30,
bootstrapped 95% CI: −0.72, 0.60). The indirect effect through situational attributions was
also not significant (b = 0.11, bootstrapped SE = 0.68, bootstrapped 95% CI: −1.07, 1.71).

The same procedure was conducted with ingroup bias measured by self-other overlap.
The indirect effect through empathy was once again not significant (b = −0.02, bootstrapped
SE = 0.04, bootstrapped 95% CI: −0.13, 0.07). The indirect effect through situational
attributions was also not significant (b = −0.01, bootstrapped SE = 0.07, bootstrapped 95%
CI: −0.18, 0.10).

Moderating Role of Self-Presence

The conditions did not differ on self-presence (affective: M = 3.38, SD = 0.67; cognitive:
M = 3.16, SD = 0.89; t(71) = 1.23, p = 0.22, d = 0.29).

We first examined if self-presence moderated attitudes towards minorities (Analysis 1
in Table 1), ingroup bias measured by attitudes (Analysis 2 in Table 1), and attitudes towards
majorities (Analysis 3 in Table 1). There were no main effects of condition or self-presence.
There was however, a significant interaction effect for ingroup bias (Analysis 2: b = 6.02,
SE = 2.68, t(68) = 2.25, p = 0.03, 95% CI (0.67, 11.37)). This suggests that self-presence
moderated the effects of condition on ingroup bias measured by attitudes. Based on simple
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slope analyses [59] at high levels of self-presence (+1 SD), the affective condition exhibited
greater ingroup bias compared to the cognitive condition (b = 6.74, SE = 2.85, t(68) = 2.36,
p = 0.02, 95% CI (1.04, 12.43)). In contrast, at low levels of self-presence (−1 SD), condition
did not have an effect on ingroup bias (b = −2.81, SE = 3.00, t(68) = −0.94, p = 0.35,
95% CI (−8.79, 3.18)). Using the Johnson–Neyman technique, the region of significance [60]
of condition’s effect on ingroup bias was identified as values of self-presence that are equal
or greater than 3.69 (see Figure 7).

Next, we examined if self-presence moderated self-other overlap with minorities
(Analysis 1 in Table 2), ingroup bias measured by self-other overlap (Analysis 2 in Table 2),
and self-other overlap with majorities (Analysis 3 in Table 2). As seen in Table 2, none of
the interaction effects were statistically significant (all p > 0.05); thus there was no evidence
to suggest that self-presence had a moderating effect on these self-other overlap.

Table 1. Attitudes Regression Analyses (Study 2; n = 73).

b SE 95% CI t df p

Analysis 1: Attitudes to
minorities
Condition −0.93 1.38 (−3.69, 1.83) −0.67 69 0.50

Self-presence 1.17 0.87 (−0.57, 2.91) 1.34 69 0.18
Pre-test attitudes 0.86 0.05 (0.76, 0.96) 17.38 69 <0.001
Self-presence X

Condition −2.50 1.88 (−6.25, 1.25) −1.33 68 0.19

Analysis 2: Ingroup bias
Condition 2.19 2.07 (−1.94, 6.32) 1.06 69 0.29

Self-presence −1.62 1.38 (−4.36, 1.13) −1.18 69 0.24
Pre-test attitudes 0.65 0.08 (0.50, 0.81) 8.62 69 <0.001
Self-presence X

Condition 6.02 2.68 (0.67, 11.37) 2.25 68 0.03

Analysis 3: Attitudes to
the majority
Condition 1.64 2.30 (−2.95, 6.23) 0.71 69 0.48

Self-presence −1.34 1.49 (−4.31, 1.63) −0.90 69 0.37
Pre-test attitudes 0.81 0.07 (0.67, 0.95) 11.34 69 <0.001
Self-presence X

Condition 2.96 3.11 (−3.24, 9.16) 0.95 68 0.34

Note. Condition was coded as cognitive = 0, affective = 1. All continuous variables were first grand-mean centered prior to analysis. For
Analyses 1, 2, and 3: the main effects are from step 1 of hierarchical regression analysis; the interaction effect is from step 2. Unstandardized
coefficients reported.
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Table 2. Self-other Overlap Regression Analyses (Study 2; n = 73).

b SE 95% CI t df p

Analysis 1: Self-other
overlap with minorities

Condition −0.10 0.12 (−0.34, 0.13) −0.90 69 0.37
Self-presence 0.10 0.07 (−0.04, 0.25) 1.40 69 0.17

Pre-test self-other
overlap 0.92 0.05 (0.81, 1.02) 17.84 69 <0.001

Self-presence X
Condition −0.21 0.16 (−0.52, 0.10) −1.33 68 0.19

Analysis 2: Ingroup bias
Condition −0.07 0.27 (−0.60, 0.46) −0.27 69 0.79

Self-presence 0.01 0.17 (−0.33, 0.36) 0.08 69 0.93
Pre-test self-other

overlap 0.80 0.08 (0.65, 0.95) 10.64 69 <0.001

Self-presence X
Condition −0.31 0.35 (−1.01, 00.40) −0.87 68 0.39

Analysis 3: Self-other
overlap with majority

Condition −0.20 0.24 (−0.67, 0.27) −0.84 69 0.41
Self-presence 0.07 0.16 (−0.24, 0.38) 0.45 69 0.65

Pre-test self-other
overlap 0.88 0.08 (0.74, 1.03) 11.87 69 <0.001

Self-presence X
Condition −0.54 0.31 (−1.16, 0.08) −1.75 68 0.08

Note. Condition was coded as cognitive = 0, affective = 1. All continuous variables were first grand-mean centered prior to analysis. For
Analyses 1, 2, and 3: the main effects are from step 1 of hierarchical regression analysis; the interaction effect is from step 2. Unstandardized
coefficients reported.

Potential Sex Differences

There were no differences between conditions in distribution of sex (affective 50% female;
cognitive 56.8% female; χ2(1) = 0.34, p = 0.56). There were no main effects or interaction
effects of sex on attitudes, empathy, situational attributions, and presence. There was a
significant sex × group interaction effect for self-other overlap F(1,69) = 4.83, p = 0.03,
ηp

2 = 0.07. Collapsing across time, self-overlap with majorities was higher among females
(M = 5.04, SD = 1.61) than males (M = 4.46, SD = 1.60), however this was not significant
t(71) = 1.55, p = 0.13, d = 0.36. There were no sex differences for self-other overlap with
minorities (female M = 2.69, SD = 1.00; male M = 2.95, SD = 1.21; t(71) = −1.01, p = 0.32,
d = 0.23).

4.2.3. Discussion

The results from Study 1 were largely replicated in Study 2. Attitudes towards
minorities did not significantly decrease in both conditions. Attitudes towards minorities
were significantly lower than attitudes towards majorities at pre-test. However, post-test
attitudes towards minorities did not significantly differ from attitudes towards majorities
in both conditions. The results suggest that this was driven by changes in attitudes towards
majorities, which significantly decreased in both conditions. There were no changes in self-
other overlap with minorities in either condition. Self-other overlap with minorities was
significantly lower than self-other overlap with majorities at both pre-test and post-test, for
both conditions. Self-other overlap with majorities significantly decreased in the affective
condition but did not change in the cognitive condition. Helping behavior did not differ
between conditions. As in Study 1, neither empathy nor situational attributions differed by
condition and no mediational support for either variable was found. Self-presence was
found to moderate the effect of condition on ingroup bias measured by attitudes. At low
levels of self-presence, the conditions did not differ on ingroup bias. In contrast, at high
levels of self-presence, the cognitive condition showed lower ingroup bias compared to the



Multimodal Technol. Interact. 2021, 5, 42 17 of 23

affective condition. No significant sex differences were found in this study. Taken together,
the results appear to be mixed as to whether affective or cognitive condition was more
effective. While the affective condition led to lower ingroup bias measured by self-other
overlap, the moderating role of self-presence suggests that the cognitive condition led to
lower ingroup bias measured by attitudes at high levels of self-presence.

5. General Discussion
5.1. Effects of VR Embodiment

The embodiment of an ethnic minority avatar in VR enables perspective-taking of a
minority, which theoretically would lead to improved perceptions towards the minority
group. Some evidence is found in both studies that the embodiment of an ethnic minority
experiencing microaggression improved intergroup perceptions. Contrary to expectations,
attitudes towards minorities did not change following the VR embodiment in either study,
thus finding no support for H1. Nevertheless, we found that across both studies, ingroup
bias measured by attitudes reduced after VR—providing support for H2. The reduction in
ingroup bias was driven by shifts in attitudes towards the majority. In both studies, we
found that attitudes towards the majority worsened after VR.

This pattern of results was largely corroborated by findings on the self-other overlap.
Self-other overlap with minorities increased following VR embodiment in Study 1, but
only for the cognitive condition and not the affective condition. In Study 2, overlap with
minorities showed no change in either condition. Therefore, H3 is only partially supported.
Ingroup bias measured by self-other overlap did not change after VR in both studies.
Therefore, H4 is not supported. In Study 1, self-other overlap with majorities decreased
after VR in both conditions. In Study 2, self-other overlap with majorities decreased after
VR only for the affective condition, while it did not change in the cognitive condition.

A possible explanation for why we find that changes in ingroup bias is driven more
by shifts in perceptions of majorities rather than minorities may relate to the nature of
social interactions in our VR simulation. One major approach to ingroup bias is its role as
a motivational process in the creation of a meaningful and positive social identity for the
individual [61]. Therefore, when participants in our study experienced and witnessed an
avatar from the majority ethnicity make micro-aggressive comments towards them, the
function of the majority ingroup may no longer have been positive nor meaningful for the
participants, leading to a reduction of ingroup bias. Taking into account the relative nature
of ingroup bias, the present research highlights the potential of directly targeting attitudes
towards ingroup as an intervention for reducing ingroup bias.

5.2. Affective vs. Cognitive Modes of Perspective-Taking

The main objective of the current research was to examine the theoretical argument that
affective and cognitive perspective-taking occur through different pathways [20]—affective
via empathy; cognitive via situational attributions. To the best of our knowledge, this is
the first of its kind to empirically compare the two using a between-subject design in a
VR environment. The results from both studies found no supporting evidence that the
conditions had an effect on the proposed mediators. Participants in the affective and
cognitive conditions reported similar levels of empathy and situational attributions in both
studies. Mediational analyses also found no support that either variable mediated the
effects of condition on ingroup bias. Hence, neither H5 nor H6 is supported. The findings
suggest that the two mechanisms are not easily distinguishable and that both mechanisms
may occur simultaneously regardless of whether an individual focuses on their emotions
or thoughts.

Although no effects were found on the proposed mediators, the results show that the
conditions had an effect on ingroup biases when analyzed at the level of minorities and
majorities. In addressing RQ1, we first discuss outcomes for minorities. In Study 1, attitudes
towards minorities worsened in the affective condition whereas it improved in the cognitive
condition, although it must be noted that these differences did not reach conventional levels
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of statistical significance. Similarly, in Study 2, attitudes towards minorities worsened in
the affective condition, whereas no differences were observed in the cognitive condition.
For self-other overlap with minorities, it did not change in the affective condition, while it
significantly increased in the cognitive condition in Study 1. In contrast, no changes were
found in either condition for Study 2. One explanation for the inconsistent findings between
studies on self-other overlap with minorities relates to how the first- vs. third-person
perspective influences the illusion of body ownership [62]. The first-person perspective
allows users to experience a virtual body in the natural manner that their real bodies
are subjectively experienced [63]. This can result in a greater sense of body ownership
compared to the third-person perspective [63,64]. Thus, embodiment from the first-person
perspective in Study 1 may have encouraged greater body ownership of the minority
avatar, resulting in increased self-other overlap with minorities—a finding that was not
replicated in Study 2 (third-person perspective). Overall, the consistency of both studies
in showing that the cognitive condition outperforms the affective condition in improving
perceptions of minorities suggests that the former may be a more effective strategy in VR.
This supports the argument that embodiment in VR is a cognitive process [65]. Past research
has not contrasted cognitive processes against affective processes in VR embodiment. Thus,
our findings shed new insights by providing empirical evidence that suggests cognitive
processes may play a more important role compared to affective ones in VR embodiment.

Moving on to the discussion on outcomes for majorities, both studies found that
attitudes towards the majority worsened to a comparable extent across the two conditions.
For self-other overlap with the majority, Study 1 found that it decreased to a comparable
extent in both conditions. In contrast, Study 2 found that it decreased in the affective
condition only and did not change in the cognitive condition. Psychological distance
offers a possible explanation for the studies’ inconsistencies in self-other overlap with the
majority. Psychological distance refers to the subjective experience of something being
further away or closer to the self [66]. In general, greater psychological distance reduces
the intensity of affective responses, such as anger and sadness, to the event [67]. The third-
person perspective increases psychological distance by depicting objects and events at a
further spatial distance from the individual [66,68]. Moreover, events are perceived as less
psychologically distant when described emotionally, compared to when they are described
in a neutral manner [68]. Thus, it is possible that participants in Study 1 (first-person
perspective; lower psychological distance) and those in the affective condition (focus on
emotions; lower psychological distance) in Study 2 felt more intense negative emotions
towards the aggressors from the majority ethnicity in VR. In turn, this could have resulted
in them distancing themselves from the majority group in order to reduce their heightened
negative emotions. This is supported by previous research on group disidentification, in
which individuals minimize their membership and actively create psychological distance
from the group [69,70]. Group disidentification can occur when there are threats made
to the value of the individual’s ingroup, such as when the ingroup violates personally
important moral standards, causing the individual to feel uncomfortable about being
a member of the group [71,72]. Therefore, it could be that group disidentification was
aroused upon watching an avatar from the ingroup display microaggression towards
minorities during the VR simulation. In contrast, those in the cognitive condition in Study
2 may have felt less intense negative emotions towards the aggressors in VR and thus
did not distance themselves, thereby reporting no change in self-other overlap with the
majority.

5.3. Helping Behavior in VR

In Study 2, we extended the VR simulation to include a measure of helping behavior.
Specifically, at the end of the final scene, participants were allowed to choose between
(a) say something to the aggressor, (b) walk away, or (c) do nothing. Helping behavior was
determined by whether participants chose option (a). Addressing RQ2, we found that there
were no differences in helping behavior between affective and cognitive conditions for both
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studies. Nonetheless, an overwhelming proportion of participants chose to say something
to the aggressor in VR (more than 80%). Although we cannot rule out the influence of
social desirability, the present findings remain promising. Future research should examine
if helping behavior in VR extends to the real world. In addition, this could be expanded
further to examine whether training helping behavior in VR can lead to greater self-efficacy
and thus higher helping behavior in real life.

5.4. Moderating Role of Self-Presence

We explored the moderating role of self-presence in Study 2 (RQ3). The results show
that self-presence moderated the effects of condition on ingroup bias measured by attitudes.
At low levels of self-presence, the conditions did not differ on ingroup bias. However, at
high levels of self-presence, participants in the cognitive condition reported significantly
lower ingroup bias compared to those in the affective condition. This adds more support
for our earlier discussion that cognitive processing in VR may be more beneficial than
affective processing at improving intergroup attitudes. Given the interactive relationship
between presence and emotions—where presence increases in emotional environments
and emotional states are influenced by the level of presence [73], along with past findings
where it was suggested that a greater level of presence experienced would result in a
reduction in racial biases [8,9,74]—our findings suggest that high emotional arousal, in
relation with self-presence, may not be ideal for improving intergroup attitudes. Although
presence, in general, plays an important role in VR experiences, more recent studies have
identified more distinct subcategories of presence, one of which is self-presence [3,75].
However, self-presence was not singled out as a specific variable in past studies, even
though measures used seemed to be capturing the concept of self-presence rather than
presence [8]. Considering the difference between telepresence (the extent to which an
individual feels present in the mediated environment, which is used interchangeably with
presence) and self-presence (the extent to which virtual selves are experienced as actual
selves), it may be valuable for future studies to directly examine the effects of self-presence
specifically on perspective-taking in VR and how it influences affective vs. cognitive
processes. This is especially so, given the potential of self-presence, in the form of mirrored
selves, in influencing individuals’ attitudes and behaviors outside of VR [43].

5.5. Potential Sex Differences

Across both studies, we found little evidence to suggest that sex differences influ-
enced the results. Past studies showed contradictory evidence on whether female or male
participants are more embodied, as measured by presence [25–27]. It is, therefore, not too
surprising that this study did not find any sex differences in self-presence. This means that
the field does not have a concrete understanding about sex differences in VR embodiment
with regards to the various dimensions of presence. Future studies can further investigate it.
Even though past studies found that women tend to have higher empathy than men [76,77],
the current finding did not show such a trend. This may be due to other factors, such as the
context and gender role expectations [76], rather than simply self-reported biological sex in
the questionnaire. A meta-review on empathy and sex differences [78] has also identified
a few important factors that future studies can consider for further investigation of sex
differences and empathy. The only sex difference we found was in Study 1, in that male
participants showed higher situational attributions in the affective perspective-taking con-
dition than the cognitive one. Little is known about how attribution and perspective-taking
relate to each other in a VR environment. Future research can examine if embodying an
avatar of the same or different sex influences attribution in VR.

5.6. Limitations

There are several limitations in the present research. First, there was no control condi-
tion in which no perspective-taking occurred. This meant that we could not examine the



Multimodal Technol. Interact. 2021, 5, 42 20 of 23

effects of perspective-taking in general, regardless of whether one focuses on emotions or
thoughts, on several outcome variables (empathy, attributional thinking, helping behavior).

Second, all participants, regardless of sex, embodied the same male avatar in VR.
Our primary research objective was to compare the affective and cognitive mechanisms of
perspective-taking; thus we chose not to complicate the design by additionally accounting
for sex effects. Future research should investigate if embodying an avatar of the same or
different sex would interact with affective and cognitive mechanisms of perspective-taking.

Third, the measure of helping behavior in Study 2 was assessed in VR, which required
little effort and held minimal real-life consequences for participants. However, it should
be noted that at the point of choosing which action to take in VR, participants were
unaware that the VR simulation would end right after. Thus, participants who chose to say
something to the aggressor may well have thought that they would be expected to give a
verbal response upon choosing the action.

Fourth, the result of the study could have been more conclusive if control conditions
were included. For example, it could have a condition where participants embodied an
avatar from the ethnic majority group or where there is no instruction for perspective-
taking. The effect of reduced ingroup bias found in this study, therefore, could have been
due to participants’ experience of VR in a social context and not just the embodiment of the
ethnic minority avatar. Future research should include additional conditions to provide
more conclusive results on whether it was the embodiment of an ethnic minority avatar
that led to the reduction of ingroup biases.

Fifth, the three-choice options provided to participants in study 2 included saying
something to the college of the majority ethnicity who exhibited microaggression, doing
nothing, or walking out. This could have biased participants disagreeing with the virtual
ethnic majority colleague’s behavior. Including other options, such as one where the
participant agrees with the majority colleague, may provide a more balanced range of
choices. Future studies can also further investigate how the range of choices of actions and
the representations of them in VR might play a role.

Finally, the current research took an exploratory approach to various research ques-
tions and thus, the conclusions drawn remain speculative. Future research should be
undertaken to formally test the propositions that have been put forward.

6. Conclusions

In this research, we examined the effectiveness of embodying an ethnic minority on
improving attitudes towards minorities, self-other overlap with minorities, and ingroup
bias as measured by both attitudes and self-other overlap. A between-subject design
was employed to compare the roles of affective (focus on emotions) and cognitive (focus
on thoughts) mechanisms of perspective-taking. We found that ingroup bias reduced
after VR embodiment from both the first-person (Study 1) and third-person (Study 2)
perspective. Although we found no evidence for the proposed mediators—empathy
for affective condition and situational attributions for cognitive condition—the findings
provide empirical evidence that focusing on emotions or thoughts exerted differential
effects on attitudes and self-other overlap. Moreover, Study 2 showed that self-presence
moderated the effects of condition on ingroup bias.
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