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Virtual reality (VR) allows individuals to experience someone else’s body, but the possible effects of this embodiment on attitudes and biases are not fully understood. Using a virtual reality (VR) task, we had previously shown that changes in the visual image of the hand influenced action: when the visual image of one’s hand was spatially displaced, participants acted as if the virtual hand was theirs. Here we tested whether these effects vary depending on the match between the skin color of the individual and the virtual hand. Black and White participants performed reaching movements with dark or light hands of naturalistic skin tones, or purple hands. As in our previous work, the correspondence between the location of the real and virtual hands was systematically varied. Both Black and White participants showed changes in the temporal and spatial parameters of the movements with the virtual hand of different colors indicating that the hand had been embodied. A larger effect of the illusion was observed in Black as compared to White individuals when performing the action with a dark-skin virtual hand. Ownership of the virtual hand that matched the participants’ skin color was associated with their explicit attitude towards their in-group in Black participants and with empathic abilities in White individuals. Importantly, performing the task with a dark-skin hand reduced the implicit racial bias of White individuals. These data show that body representation is malleable and influenced by online perceptual factors as well as attitudes and biases. Our findings raise the possibility that altering the representation of one’s body may be used to change participants’ perspectives regarding social issues.
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INTRODUCTION
The representation of the body is a fundamental aspect in the foundation of the “self” and the distinction with the external world, constituting the lens through which we shape our experience with the world (Damasio, 1994). This representation is not monolithic and static but is dynamic and malleable (Medina and Coslett, 2010, Medina and Coslett, 2016). A classic example of this is the rubber hand illusion (RHI; Botvinick and Cohen, 1998) in which the participant’s hand is hidden, while a rubber hand is placed close to the participant’s hand at an anatomically plausible position. After an induction period, consisting of synchronous stimulation of the participant’s hidden hand and of the RH, participants perceive the RH as part of their own body.
Importantly, changes in the body representation not only influence the limits of what is considered our body, but also participants’ ability to perceive and act in the environment. We and others have shown that changes in the size or position of a body part influence the ability to perceive somatosensory stimuli (van der Hoort et al., 2011; Bonakou et al., 2013) or object size (van der Hoort et al., 2011; Bonakou et al., 2013), and to perform aiming movements (Marino et al., 2010; Ambron et al., 2017, 2018, 2020). For instance, it has been shown that objects are perceived to be larger if participants have embodied a big body and smaller if they embodied a large body (van der Hoort et al., 2011; Bonakou et al., 2013). In a previous study (Ambron et al., 2020), we used virtual reality (VR) to recreate the RHI in action. In three experiments, participants played a VR card-matching game using a virtual hand. During the game, the virtual hand corresponded to the location of the real hand or was progressively displaced (7 or 14 cm) above or below the participants’ real hand; in the latter condition, there was a mismatch between the visual image of one’s hand and proprioceptive information regarding the real hand. Immediately after the card game, participants performed a reaching movement toward (Exp. 1-2) or with (Exp. 3) the drifted hand towards their other hand (which had not been displayed in the VR environment); in both instances, distorted visual feedback regarding the virtual hand influenced action.
Movement execution was longer in the drifted conditions than the no drift condition and the endpoint of the movement was shifted towards the VR hand location. When the reaching movement was performed with the drifted hand and the VR hand drifted above the real hand, the endpoint deviated below the location of the target hand; while the opposite was observed when the visual image of the hand drifted below the real hand and an upward movement deviation was observed (see Figure 1). This evidence suggested that the online representation of the arm and hand that underlies reaching was modulated by vision, at least partially overriding proprioceptive information about hand position.
[image: Figure 1]FIGURE 1 | From the left-top panel, rendering of the participant’s view while playing the card game; left-bottom panel, the participant playing the game using the Oculus headset and vive, and with motion trackers attached to the fingers; central panel, rendering of the avatar hand colors for each experimental condition; right panel, representation of the movement trajectories if participants followed vision and showed the illusion (red lines) or followed proprioception and did not show the effect of the illusion (green lines).
If changes in body representation induced by VR influence basic sensory and motor abilities do these changes also have implications for attitudes toward ourselves or others? For instance, do changes in perceived body representation influence individuals’ beliefs or attitudes toward people different from themselves? There have been numerous studies on the effect of immersive VR on implicit attitudes (see Slater & Banakou, 2021 for review). This set of research has shown that after the VR experience, participants’ attitudes tend to match the expected attitudes of the experienced body (Proteus effect). For example, individuals show increased self-confidence after experiencing the body of a tall person (Yee et al., 2009), identify with children rather than adults after a VR experience in a child’s body (Banakou et al., 2013), or overreact when experiencing a young woman’s body in first then third-person perspective in a dangerous situation (Slater and Sanchez-Vives, 2016). Effects of VR experience have also been reported in work exploring implicit attitudes (implicit bias) and stereotypical knowledge toward groups of individuals (e.g., women or elderly individuals). For example, gender bias increased in male participants after a VR experience in a female body during a Tai Chi task, a situation that activated negatively stereotyped knowledge (e.g., ‘Women are weak’; Lopez et al., 2019); after embodying an elderly person avatar, individuals showed a reduction of the prejudice and negative attitudes towards elderly people (Yee and Bailenson, 2006; Yee and Bailence, 2007).
In this context, an important topic is whether experiencing another person’s skin color can induce changes in racial bias. Indeed, skin color is a visual feature that powerfully activates stereotypical knowledge and prejudice and induces a categorical distinction between in-group and out-group (Groom et al., 2009). If so, experiencing someone else’s skin color may represent one of the most immediate vehicles to induce perspective-taking and a powerful tool to change individuals’ perspectives and attitudes towards other races. Using the Implicit Association test (IAT) as a measure of implicit racial bias (Greenwald et al., 1998; Nosek, 2005), studies using both RHI and virtual reality show that this is the case. Studies using the RHI showed that light-skinned individuals show the effect of the illusion (e.g., proprioceptive drift or skin conductance response) for both light and dark-skinned rubber hands, and this effect is independent of the initial attitude towards Black individuals (Farmer et all., 2012; Maister et al., 2013; Farmer et al., 2014). Studies of the effect of the RHI illusion on implicit racial bias have been controversial. On one hand, the ownership perceived over both light- and dark-skinned RHs affected the post-illusion IAT (Farmer et al., 2012). On the other hand, between subjects’ studies demonstrated that changes in the implicit racial bias depend on the level of perceived ownership over the dark-skinned RH (Maister et al., 2013) and the initial attitude towards dark-skinned individuals; after engaging in a RHI task in which the rubber hand was dark-skinned, a greater effect of the RHI improvement is observed in individuals with a strong racial bias before the RHI (Farmer et al., 2014). Interestingly, Lira et al. (2017) have shown that participants took more time to embody a dark-skinned RHI than a light-skinned RHI and this onset time was positively correlated with IAT (longer time for RHI, higher racial bias).
Studies using immersive VR have also reported controversial results, showing reduction (Banakou et al., 2016; Peck et al., 2013), enhancement (Groom et al., 2009; Slater and Sanchez-Vives., 2016), or no change (Hasler et al, 2017) in the bias of White people towards Black individuals. It has been proposed that the disagreement across studies may be due to the type of VR experience (Slater and Sanchez-Vives, 2016). In studies reporting enhancement (Groom et al., 2009; Slater and Sanchez-Vives, 2016) or no change (Hasler et al., 2017) in racial bias, participants were asked to interact in a social context, with clear connotations and expectations. Therefore, the social context may have played an additional role in the modulation of racial bias. For example, in Groom et al. (2009) study participants were facing a job interview in a dark or light-skinned avatar body, a social context in which racial discrimination is known or expected to be accentuated. The expectation of race discrimination in the interview setting may have enhanced the racial bias when experiencing the interview in a dark-skinned avatar body (Slater and Sanchez-Vives, 2016). No changes in racial bias were reported after a VR experience in which participants embodied light or dark-skinned avatars and interacted with other avatars of different skin colors (light or dark-skinned), but without clear social expectations (Hasler et al., 2017). Importantly, a decrease in racial bias has been noted when participants experience a body with different skin color in a social context that did not involve the interaction of Black and White individuals. For instance, Banakou et al. (2016) showed a reduction of racial bias after participants underwent a virtual tai chi class with an Asian or European teacher. This reduction occurred and persisted over a week from the VR experience when female participants embodied a dark rather than light-skinned avatar. Peck et al. (2013) reported a decrease in racial bias in White women after an immersive VR experience of a few minutes (∼12) in a dark-skinned avatar body. This effect was not observed when female participants embodied a purple or light-skinned avatar, or when the avatar body did not move in synchrony with the participant’s own body; in this study the VR experience entailed an exploration of a VR environment in which they encountered but did not interact with Black of White avatars. Taken together, this evidence suggests that social context and demand characteristics of the social environment have a strong effect on social biased. A VR experience in a body of dark-skinned color has positive effects on racial bias outside the confounding of pressure and expectations of social context.
Most of these studies explored the racial bias in White individuals (Banakou et al., 2016; Peck et al., 2013) or contrasted the performance of White individuals with non-White individuals of different races (Groom et al., 2009). Therefore, little is known about whether the effects are specific to White individuals or can also be observed in Black individuals. In the present study, we applied our VR paradigm (Ambron et al., 2020) to test the possible effects of different skin colors on participants’ body ownership, action performance, and racial bias in both Black and White individuals. As in our previous study, participants played a card-matching game and in some instances, the visual image of the hand progressively drifted above or below the real hand; after the game, they reached the non-drifted hand with the drifted hand and we measured the movement times and endpoints of the movements (Ambron et al., 2020). In the present study, we manipulated the color of the VR hand, and participants were assessed in three sessions in which the hand color was light or dark-skinned, or purple. Before the VR sessions, questionnaires measuring empathy, and explicit and implicit attitudes towards Black and White individuals were administered to determine if participants’ attitudes influenced performance. After each VR session, we assessed the effect of VR on the action and administered the racial.
We made several predictions. First, we expected to replicate the results of our previous study (Ambron et al., 2020) showing the effect of VR on the kinematic parameters of participants’ hand movements. Indeed, if participants’ action performance followed the visual VR image of the hand rather than proprioception, we expected movement times to be longer and the endpoint deviation of the virtual hand to be larger in the drifted than the no drift condition. Second, if the illusion depends on the participants’ body representation (Ambron et al., 2020), a stronger effect of the illusion should be observed in conditions that enhance this representation and that can be more easily incorporated into the body schema. Therefore, we expected the magnitude of the illusion to change depending on the participants’ skin color and the color of the avatar’s hand. We predicted that the effects of embodiment would be greater when the virtual hand matched the color of their hand. We expected Black participants to show a larger magnitude of the illusion with a dark-skinned avatar and White participants to show larger effects with a light-skinned avatar. We expected these effects to be evident in both kinematic (an increase of movement time and/or endpoint deviation) and body ownership (higher scores on questions 2 and 4, testing the perception of ownership and embodiment on the VR hand). We had no defined predictions regarding the other skin colors.
In addition, to testing for the presence of the illusion in Black and White individuals, we also conducted exploratory analyses to investigate whether the effect of the illusion on kinematic (measured with changes in MT and endpoint deviation) or ownership questionnaire may reflect participants’ explicit or implicit attitudes toward ingroup or outgroup individuals. If the illusion captures changes in the body representation and these changes affect participants’ attitudes, then we expected a relationship between measures of the illusion and participants’ attitudes towards ingroup and outgroup individuals. In both groups of participants, we predicted that ownership and effect of the illusion on action performance would be related to participants’ empathic ability (Farmer et al., 2012), and/or explicit or implicit judgment towards Black and White individuals (Farmer et al, 2014). We expected the effect of the illusion to be positively associated with the ability to put oneself in someone else’s shoes and empathize with other individuals (Farmer et al., 2012). As empathy towards the ingroup is often higher than the outgroup (Bruneau et al., 2017), we expected a stronger association between our illusion and empathy for the ingroup than the outgroup.
Finally, we also tested whether embodying an avatar of a skin color different from oneself may induce a change in participants’ attitudes towards outgroup individuals. In line with previous studies (Banakou et al., 2016; Peck et al., 2013), we expected a reduction of racial bias in White individuals after experiencing the dark-skinned virtual hand. As previous work reported no bias in Black individuals (Nosek et al., 2002), we expected no racial bias in this group and therefore no changes in the IAT because of VR.
MATERIALS AND METHODS
Participants
Twenty-two university students between the ages of 19 and 25 years participated; there were 11 Black (7 females) and 11 White individuals (6 females). Participants filled out a questionnaire regarding their ethnicity and race and all participants self-identified as Non-Hispanic or Latino, and as Black or African American, or White, Caucasian. All participants were paid for their participation and signed informed consent before starting the testing session. This study was approved by the Institutional Review Board of the University of Pennsylvania.
Procedure
Participants underwent two testing sessions of 1 hour each. During the first session, they were presented with a battery of questionnaires, the racial Implicit Association Test (IAT; Greenwald et al., 1998; Greenwald et al., 2003), and a VR task (see below). In the second session, participants underwent two additional blocks of VR tasks. The virtual hand was either purple, dark-, or light-skinned (see Figure 1). Two groups of participants were created based on self-identification as Black/African American or White/Caucasian. The order was counterbalanced across participants and groups. Seventeen participants performed the VR blocks on the same day, while the remaining five participants performed the blocks on different days. When the VR blocks were presented on the same day, participants were provided with a break of ∼10 min between blocks to reduce the likelihood of carryover effects. After each VR block, participants completed the ownership questionnaire and IAT.
Virtual reality task
The virtual reality task and equipment were the same as in Experiment 3 of Ambron et al. (2020). Each trial started with a card-matching game of increasing complexity. Using the avatar hand (see Figure 1), participants turned two cards in a row to find cards of the same value. After participants had matched all of the cards in a display, a new display containing a larger number of cards was presented. During the game, three different conditions could occur: the visual image of one hand could be drifted 14 cm above (top drift) or 14 cm below (bottom drift) the position of the actual hand, or the VR hand could overlap the real hand (no drift). The visual displacement of the hand started immediately after the onset of the card game and continued progressively until the end of the game. We chose a 14 cm visual displacement as our previous work had shown a larger effect of the illusion at this magnitude compared to a smaller drift (7 cm) (Ambron et al., 2020). After 30 s of playing the card game, a tone signaled participants to stop and after 2 s the instructions were presented on the screen, indicating the action to be performed (“Touch the right nail” or “Touch the left nail”). Participants were instructed to perform a reaching movement and touch with the index finger of the hand indicated in the instructions with the index finger of the other hand. Crucially, the drift occurred always on the hand performing the reaching moving (see Figure 1). After 2 s (maximum time provided to perform the movement), a black screen appeared, and participants moved their hands to a neutral position before starting a new trial. Each participant performed 3 blocks of 42 trials each (7 trials for each condition) in which the color of the avatar hand was manipulated (purple, dark, or light-skinned color). The duration of each block was about 25 min.
In all the images, the shadow of the hand represents the real position of the hand, and it is displayed only for descriptive purposes, but was not visible to the participants while playing the games.
Equipment
The VR task was designed using Unity3D Game Engine (Unity Technologies) and presented with the Oculus Rift CV1. We used a Leap Motion sensor attached to the Oculus to track participants’ position of the hand in space, while 3D electromagnetic tracking system (trackSTAR, Ascension Technologies Inc., Burlington, Vermont) was used to collect spatial and temporal kinematic parameters of participants’ index fingers during the reaching movements.
Data extraction
Data recorded from two sensors placed on participants’ index fingers were filtered using a second-order Butterworth filter. The onset and offset of the movements were identified visually by inspecting the movement profiles of each trial; the times at which the velocities increased above or decreased below 5% of the peak velocity, were taken as movement onset and offset times. For each trial, we extracted two dependent variables using customized programs written in R and Labview (National Instruments): movement time (MT) and the y-coordinates of the endpoint of the movement. MT parameters were extracted from the marker placed on the index finger performing the action. The y-coordinates of the endpoint of both markers were used to compute the deviation of the endpoint from the reaching target. This was computed by subtracting the y-coordinate of the marker of the index performing the reaching movement from the y-coordinate of the index finger of the static hand. Positive values of the deviation indicated an upward deviation so that the reaching movement ended above the target index; negative values indicated a downward bias of the endpoint of the movement so that the action ended below the target index. As shown in Figure 1, if participants performed the movements following vision, an upward deviation should be observed when the drift occurred toward the bottom, while downward deviations would occur when the hand drifted towards the top.
Questionnaires
Before starting the VR experiment, participants were presented with a series of questionnaires. We measured the explicit attitude towards Black and White individuals, asking participants to rate on an 11-point Likert scale how warmth (from extremely cold to extremely warm) they felt towards Black or White individuals. We also measured the presence of racism, using the Symbolic Racism scale (Henry, & Sears, 2002). In this scale participants are asked to rate their level of agreement on eight statements, describing different aspects of racism (score range 8–31).
In addition, we measured empathic abilities with the Interpersonal Reactivity Index (IRI; Davis, 1983), in which participants rate their level of agreement on twenty-eight statements using a 5-points Likert scale. The task provides measures of different aspects of empathy, such as Perspective Taking, Personal Distress, Fantasy, and Empathic Concern.
Ownership and agency of the VR hand
After each VR session, participants were presented with a questionnaire on the ownership and agency of the VR hand (Caola et al., 2018; Ambron et al., 2020). Participants were asked to rate their level of agreement for six statements using a scale of 1 (totally disagree) to 7 (totally agree). The statements were as follows:
1) During the experiment, there were moments in which I had the sensation of having more than one right arm (Control)
2) During the experiment, there were moments in which I felt as if the virtual arm was my own arm (Ownership)
3) During the experiment, there were moments in which I felt as if my real arm was becoming virtual (Control/Ownership)
4) During the experiment, there were moments in which the virtual arm started to look like my own arm in some aspects (Control/Ownership)
5) Movement During the experiment, there were moments in which it seemed that my real arm was moving (Movement)
6) During the experiment, there were moments in which I felt that the virtual arm was drifted (Drift)
Racial bias—Implicit Association test
Participants completed the racial Implicit Association test (IAT) (Greenwald et al, 1998; Nosek et al., 2002) online (Inquisit’s Racism IAT) on four occasions: before taking part in the VR tasks and after each VR task. Participants were first presented with two blocks, in which they were asked to classify a series of Black and White faces as positive or negative. Next, faces and written adjectives (e.g., joyful, nasty) are presented in random sequences within the same blocks. In one block, participants used the same response keys for Black faces and good adjectives, and for White faces and bad adjectives, whereas in another block the same response key was used for Black faces and bad adjectives, and White faces and good adjectives. D-prime measures identify the strength of association between faces and adjectives and reflect the attitude towards Black or White faces. Positive d-prime scores indicate White-Good and Black-Bad, while negative values indicate the opposite association.
Data analysis
We tested the effects of the illusion on action performance in two analyses. First, we ran a linear mixed model (LMM) analysis with subjects as a random intercept and drift direction (−14 cm, no drift, and +14 cm) as a fixed factor to test whether MT and Deviation changed with the visual displacement of the hand, as found in our previous study (Ambron et al., 2020). If the illusion had an effect, we expected the drift direction to account for both MT and deviation with MT and the magnitude of the error to be longer than the drift condition (−14 and 14 cm drift). Next, we tested if the effect of the illusion varied as a function of participants’ race and VR condition. Therefore, we generated an overall index of the illusion for both MT and Deviation. For each subject and condition, we computed the difference between each trial in the drift conditions and the average of the no-drift condition. For the end-point deviation, the difference for the upward drift condition (14 cm drift) was multiplied by −1 to provide an overall magnitude of the illusion, so that positive values indicated a deviation towards the visual image of the hand independent of the drift direction. LMM analysis tested the effect of the fixed factors of VR hand color (dark or light-skinned, or purple) and participants’ self-identified racial category (White or Black). In all models, participants were inserted as random intercepts; models were compared with a log-likelihood ratio test using the ANOVA function in R; conditional R2 describing the effect size of the model was computed with r.squaredGLMM and the effect size of single comparisons estimated with emmeans packages that provide a standardized estimation of effect-size (equivalent to Cohen D). Sensitivity analysis was carried out using the ‘confound’ package in R to estimate the Robustness of Interference to Replacement (RIP), a score that indicates the amount of change (in percentage) in the data required to overturn the inference (Frank et al., 2013). In a second analysis, we used nonparametric tests (Friedman and Wilcoxon tests) to determine if the perception of ownership changed depending on the color of the hand and whether this differed in the two groups of participants.
Then we conducted two additional exploratory analyses (uncorrected for multiple comparisons). First, we tested the relationship between baseline questionnaires and performance in our VR task. As the normality assumption was violated for most of our variables, we used non-parametric statistics. To test whether the two groups of participants differed in any of the baseline questionnaires we used the Wilcoxon test; Spearman rho correlation analyses were carried out to test for each group of subjects whether baseline questionnaires correlated with the difference between drift and no drift conditions for MT and deviation, and with ownership over the VR hand. Second, we explored changes in the IAT as a consequence of our VR task in three analyses. We ran the first LMM to test the effect of condition (PRE VR, POST-dark-skinned VR, POST -light-skinned VR, and POST -purple VR) and participants’ race (Black and White) on the D score of IAT. Then we computed the difference in the D-score for each of the POST -VR conditions from the PRE-VR condition and tested the effect of both hand color (dark and light-skinned, and purple) and race on this difference. Finally, we conducted this last analysis again but including only individuals who showed a racial bias in the PRE VR assessment (−0.15 <D-score< 0.15) (https://www.millisecond.com/download/library/v6/iat/raceiat/raceiat/raceiat.manual)For correlation and two sample comparisons, sensitivity analysis was carried out using g*power (version3.1).
RESULT
The effect of VR task on action performance
Does the illusion work?
MT
Linear Mixed Model (LMM) analysis showed that the drift direction contributed to the model fit (logLik = −19930, χ2 (2) = 197, p < 0.001, conditional R2 = 0.32). MT was longer in both drift conditions (top M = 1808, SE = 24, t = 7.8, p < 0.001, d = 0.38, RIP = 75%; bottom M = 1993, SE = 28; t = 14.3, p < 0.001, d = 0.69, RIP = 86%) than the no-drift condition (M = 1593, SE = 24), suggesting an overall effect of the illusion in MT (see Figure 2 left panel). In addition, MT was also longer in the bottom (−14 cm) than top (14 cm) drift condition (t = 6.5, p < 0.001, d = 0.31, RIP = 70%)
[image: Figure 2]FIGURE 2 | Left panels, average MT, and Deviation as a function of the drift condition. The error bars indicate the standard errors of the mean, while each marker represents the average performance for each participant in that condition. Right panels, the average difference of the drift from the no-drift condition for both MT and Deviation of Black (green color) and White (blue color) participants in the VR hand conditions.
Deviation
An effect of the illusion was confirmed also for the deviation of the endpoint of the movement (see Figure 2 left panel). Drift direction accounted for the deviation (logLik = −6839, χ2 (2) = 630, p < 0.001, conditional R2 = 0.24): the no-drift condition (M = 1.42, SE = 0.04) differed from both drift conditions (top t = −11, p < 0.001, d = 0.56, RIP = 83.2%; bottom t = 15, p < 0.001, d = 0.73; RIP = 87%). There was an upward deviation when the visual image of the hand was shifted towards the bottom (−14 cm) (M = 3.9, SE = 0.15) and a downward deviation when the shift occurred towards the top (14 cm) (M = −0.57, SE = 0.14).
Does the effect of the illusion vary depending on the VR hand color and is this effect modulated by the participants’ ethnicity?
MT
LMM analysis showed that the best model to account for MT difference included the interaction of hand color by race (logLik = −26912, χ2 (3) = 51.2, p < 0.001, conditional R2 = 0.13). Black participants showed a larger difference in MT than White participants when the avatar color had dark-skinned (t = −2.47, p = 0.02, d = −0.40, RIP = 16%) (see Figure 2 right panel), while similar performance between the two groups was observed in the other conditions. Furthermore, MTs were also longer with the dark-skin hand than the other color conditions (light-skinned t = −4.4, p < 0.001, d = 0.26, RIP = 55.9%; purple t = −6, p < 0.001, d = 0.36, RIP = 67.6%); no significant difference was observed between light-skinned and purple conditions. White participants showed similar performance with the avatar of natural skin colors, but they showed a larger difference in MT in the purple than natural color conditions (dark-skinned t = −3.9, p < 0.001, d = 0.23, RIP = 50%; light-skinned t = −2.1, p = 0.03, d = 0.12, RIP = 10%).
Deviation
The final model included only the main effect of hand color (logLik = −4389, χ2 (2) = 14.8, p < 0.001, conditional R2 = 0.48) (see Figure 2 right panel). Overall, the light-skinned hand condition showed a larger difference in the deviation than the dark-skinned (t = −2.15, p = 0.03, d = 0.12, RIP = 85%) or purple hands (t = −3.85, p = 0.03, d = 0.22, RIP = 99%), while the difference between dark-skinned and purple was not significant.
The effect of VR hand color on ownership of the VR hand
Do participants differ in the embodiment of the VR hand across conditions?
Black and White participants showed similar ratings in all the questions (see Figure 3). White and Black participants also showed consistent rating scores across VR hand conditions, except for Question 2 (χ2 = 8.06, p = 0.02) and Question 4 (χ2 = 6.88, p = 0.03) for Black participants. For this group, the ownership of the VR hand was stronger when the VR hand color was Dark-skin rather than Purple (p = 0.02 Question 2 and p = 0.03 Question 4), while no significant difference was observed between the other conditions.
[image: Figure 3]FIGURE 3 | Median (dark black line), interquartile range (box) of Black and White participants in the response to ownership questions presented after each VR hand color task.
Additional exploratory analyses
In addition to these main analyses, we conducted two additional exploratory analyses to test whether participants’ attitudes had an impact or changed with our VR task. The results of these analyses show large effect sizes but also low sensitivity (low RIP value), possibly because of the small sample size. Given the low RIP value, the findings should be interpreted with caution.
Relationship between participants’ attitudes and performance in our VR task
The two groups of participants did not differ in any of the questionnaires, except for warmth towards Black individuals Table 1. Black participants showed a higher level of warmth than White Americans (W = 100.5, p = 0.007, r = 0.80). Furthermore, Black participants expressed higher warmth towards Black than White Americans (W = 36, p = 0.02, r = 0.74), while no significant difference was reported for White participants (W = 9, p = 0.19). Sensitivity analysis showed that with our sample size we had 80% of the power to detect large effect sizes in the comparison between (d = 1.2) and within (d = 0.96) groups.
TABLE 1 | Mean and Standard error of the mean for Black and White participants in our questionnaires.
[image: Table 1]We explored the relationship between ownership (Question 2 in the ownership questionnaire), the effect of the illusion on action performance, explicit and implicit attitudes towards Black and White individuals, and empathy using a series of correlation analyses. These analyses were carried out for both Black and White participants to test whether similar mechanisms accounted for the illusion in both groups. Sensitivity analysis showed our design with our sample size of 11 individuals was only able to reliably (power of 0.9) detect correlations >0.74.
There were 2 correlations that met this criterion. First, the correlation between ownership of the light-skinned hand and personal distress (r = 0.75; p = 0.008) subtests of the IRI; second, the effect of the illusion on the endpoint (difference between drift and no drift condition) in the light-skinned condition and the perspective taken (r = −0.75; p = 0.007) subtests of the IRI for Black individuals. In addition, the dark-skinned hand was positively correlated with warmth towards Black individuals (r = 0.65; p = 0.03) and the ownership of the light-skin hand was positively correlated also with the perspective-taking (r = 0.68; p = 0.022) subtests of the IRI, but these correlations were lower than 0.74.
Effect of different skin colors on racial bias
First, we tested whether the performance of Black or White individuals differed across conditions (PRE VR, POST -dark-skin, POST -light-skinned or purple conditions). LMM showed that the best model to account for the D score was the one with participants’ race as a factor [logLik = −41.6, χ2 (1) = 6.7, p = 0.009, conditional R2 = 0.54]. White participants showed a more positive and higher D score than Black participants (t = 2.60, p = 0.01, d = 0.32, RIP = 30%), indicating a stronger association between ‘White American-Good’ and ‘Black American-Bad’ (Greenwald et al., 1998, Greenwald et al., 2003). In addition, we tested whether a significant racial bias was present in any of the conditions by determining if the D score was significantly different from zero. While for Black individuals the D score did not differ from zero in any condition, D scores were higher than zero for White participants in the PRE VR (W = 60, p = 0.002), in the POST purple (W = 56, p = 0.04), and marginally in POST light-skinned condition (W = 55, p = 0.053), but did not differ from zero in the POST-dark-skinned condition (W = 49, p = 0.17).
As previous research has shown that changes in the IAT are observed in individuals who show a racial bias PRE VR (Farmer et al., 2014), we carried out an analysis only including subjects that showed a preference for hypothesis-conforming pairings (White-Good and Black-Bad) (n = 12; 3 Black) and a preference for hypothesis-nonconforming pairings (White-Bad and Black-Good) (n = 2; 2 Black) bias in the PRE VR assessment. Within this group of 14 individuals, we tested for the effect of race and VR hand condition. LMM analysis showed that the final model included both race and VR hand condition factor [logLik = −14.5, χ2 (3) = 8.8, p = 0.03, conditional R2 = 0.33]. As shown in Figure 4, White individuals had a larger difference in the D scores than Black individuals for both natural skin color (dark-skinned: t = 2.31, p = 0.03, d = 0.51, RIP = 12%; light-skinned: t = 2.10, p = 0.04, d = 0.46, RIP = 3%), but not for the purple. There was no significant difference across conditions for either group. Wilcoxon test showed that the only conditions that differed from zero were the light-skinned (W = 0, p = 0.007) and dark-skinned (W = 1, p = 0.015) conditions for White participants.
[image: Figure 4]FIGURE 4 | IAT D scores (left panel) and difference in the D score of each VR condition from the PRE VR (right panel) for both Black and White participants. In both plots, the performance of Black participants is in green and of White participants in blue. The error bars indicate the standard error of the mean.
DISCUSSION
This study had different aims that will be discussed in turn. First, we wanted to replicate and extend our previous VR study (Ambron et al., 2020) showing that a mismatch between the visual image of the hand and proprioceptive information affects action. The present study confirmed that both spatial and temporal parameters of the reaching movements vary as a function of the location of the visual image of the hand. Movement times were longer, and the endpoint of the movement shifted in conditions of spatial mismatch between visual and proprioceptive feedback of the hand. When the visual image of the hand drifted above or below the position of the real hand, participants reached toward the drifted visual image of the hand. The present results expand this evidence by showing that this effect occurs not when the hand is light or dark skinned color but also when the hand is an unnatural color (purple). Indeed, similar effects on MT and deviation were observed when the reaching movements were performed whether the hand was light or dark skinned or purple. Furthermore, participants reported a similar level of ownership for hands of different skin colors. This evidence is in line with RHI studies showing that the effect of the illusion and the ownership over the rubber hand can be elicited with hands of different skin colors (Farmer et al., 2012; Maister et al., 2013; Farmer et al., 2014).
Second, we tested whether the effects of the illusion on action and ownership varied depending on the match between their hand color and that of the virtual hand. We predicted that participants would show more embodiment and larger effects of the illusion for the hand of the same skin color as their real hand. More specifically, we expected White participants to show larger effects of the illusion than Black participants with light-skinned hands, and Black participants to show larger effects of the illusion than White participants with dark-skinned hands. These predictions were only partly met; Black participants showed a larger effect of the illusion on MT than White individuals in the dark-skinned hand condition. In this condition, Black participants also reported a higher degree of ownership over the VR hand than the purple hand. This pattern was not observed for White participants who showed a similar level of ownership (Questions 2 and 4) towards light-skinned hands and purple hands. On one hand, this last piece of evidence is in line with previous VR work showing that light-skinned individuals report a similar level of ownership over the full-body avatar of different skin colors (Banakou et al., 2016; Hasler et al., 2017; Peck et al., 2014). On the other hand, light-skinned individuals experience higher ownership over a rubber hand of their skin color than a dark-skinned rubber hand (Farmer et al., 2012). It has been suggested that full-body ownership illusions are more likely to enhance ownership across avatars of different skin colors than single-body part illusions (Hasler et al., 2017). It is possible to speculate that the single-body part illusion may have reduced the degree of ownership over the avatar of unnatural skin color and enhanced the degree of ownership over the dark-skinned hand in Black participants. While this account could explain the results of Black participants, it does not account for the similarity across scores in White individuals.
Alternatively, the familiarity and frequency of use of computer games may have played a role in the perceived ownership and level of the embodiment with the different color hands of these two groups. It is noticed that many consumer games use unnatural colors or light-skinned hands. White participants may be used to playing games using light-skinned hands and therefore may not perceive a particularly higher sense of ownership with light-skinned hands, whereas reduced experience with VR dark-skinned hands may have enhanced the perception of ownership toward the avatar of their skin color in Black participants. This represents a shortcoming of the study and future research should explore the relationship between familiarity and experience with VR, and ownership and/or movement execution with avatars of different colors.
In addition to the assessment of the illusion, we carried out two additional exploratory analyses to test the relationship between the illusion and the questionnaires testing participants’ attitudes. The results of these analyses should be interpreted with caution considering the small sample size of the two groups and the set of data points considered. Indeed, although we observed a significant effect, p-values ranged between 0.01 and 0.05 and observed medium to large effect sizes. In the first exploratory analysis, we tested whether the observed effects of the illusion could be related to differences in empathic abilities or attitudes toward Black and White individuals. The only difference between the two groups was that Black participants reported more warmth than White participants towards Black individuals. Although of a small magnitude, this variable was also positively correlated with ownership ratings in the dark-skinned hand condition for Black individuals. If Black individuals showed a larger effect of the illusion and embodied VR hand that resembled their skin color more than a light-skinned or purple hand; this last piece of evidence suggests that this embodiment may increase when participants related more positively (higher warmth) with their in-group. Different results were observed for White individuals. In this group, the ownership toward the hand of their skin color varied with participants’ empathic abilities. This last result is in line with previous research showing that empathic response is stronger in individuals of the same race (Avenanti et al., 2005; Xu et al., 2009; Avenanti et al., 2010) and studies on the RHI that showed an association between the strength of the illusion and empathic concern (Asai et al., 2011) or fantasy (Farmer et al., 2012). For instance, Asai et al. (2011) found a significant correlation between the sensitivity to the RHI and the Empathic concern of the IRI. Farmer et al. (2012) investigated this further and found that the fantasy subtest of the IRI predicted ownership for both dark- and light-skinned RH; in addition, the personal distress of the IRI also predicted the ownership of a dark-skinned RH. Our data suggest an association between ownership and empathy in White individuals: the ownership over the virtual hand may increase with participants’ ability to understand and perspective other individuals (Perspective Taking) but also emphasize other people’s experience of distress (Personal Distress) (Davis, 1980).
In the second exploratory analysis, we looked at the possible effects of our VR task on participants’ racial bias. In line with previous work (Nosek, 2002), Black participants did not show a racial bias in the PRE VR and their IAT scores remained consistent in the POST VR sessions. On the contrary, White participants showed a racial bias in the PRE VR session. This bias was still present after White participants performed the VR task with light-skinned or purple hands, but not as such in the dark-skinned hand condition. Indeed, the d’ prime score of the POST VR condition of White participants did not differ from zero after the dark-skinned hand condition but differed from zero in the other two conditions. Although we did not observe a significant reduction of racial bias, these results suggest that the experience of a natural skin color different from the participant’s color had a positive effect on the participant’s racial bias. This finding is consistent with other VR studies that did not involve social interaction and showed a reduction of racial bias in White individuals after embodying a dark-skinned avatar (Banakou et al., 2016; Peck et al., 2013). One might speculate that the absence of social interaction in our and others (Banakou et al., 2016; Peck et al., 2013) VR tasks may have enhanced the focus on one’s body rather than social interactions, thereby increasing the embodiment of the virtual body. Across VR hand conditions, the high ownership and agency ratings support this argument.
Our data also suggested that individuals with greater initial racial bias may benefit the most from VR training with an avatar of different skin color (Farmer et al., 2014). Indeed, White individuals who showed a racial bias before starting the VR had a reduction of d-score after embodying an avatar of natural skin colors, but not as such with a purple hand. This embodiment of the VR hand does not seem to be correlated with participants’ racial bias, supporting the idea that body ownership and embodiment might be to a considerable degree automatic rather than mediated by top-down effects (Farmer et al., 2012; Maister et al., 2013; Farmer etal., 2014). This observation might not extend to Black participants, as in this group ownership of the darken-skinned VR was correlated with the explicit attitude towards the in-group. These results should be considered with caution and future studies should investigate whether different mechanisms may account for the embodiment of the VR hand of the in-group color in Black and White individuals.
A possible limitation of the present study is that we used a within-subjects design. A between-subjects design might have been more appropriate as it has the advantage of reducing effects of demand characteristics, social desirability, or carry-over effect across conditions (Maister et al., 2013; Farmer et al., 2014). It is possible that some dissimilarities with previous literature, such as the absence of a significant relationship between ownership and changes in implicit bias (Maister et al., 2013), could be due to the difference in the studies’ design; future work should explore this issue.
We used the IAT to measure racial bias. Although widely used, the IAT has been subjected to several criticisms (see Fiedler et al., 2006 for a review on the topic). First, the task measures the strength of the association between adjectives with positive and negative connotations and targets conceptual categories. The implicit assumption is that these measures reflect participants’ attitudes toward the target categories, which is not necessarily the case. For instance, as Fiedler et al. (2006) pointed out, the association between negative feelings (e.g., remorse) and an outgroup category could reflect positive (e.g., compassion) rather than negative attitudes towards this outgroup. Second, the IAT effects strongly depend on the specific choice of adjectives and target words, suggesting that the results reflect a contingent representation used to solve the sorting task rather than a more structural attitude towards the target categories. Third, factors such as compliance with the examiner may also play a role, so that participants may switch between response strategies across blocks trying to match the examiner’s expectations. Fourth, the effects of IAT are often an overestimation of the bias, which may reflect other factors like cultural differences. This aspect is crucial when comparing the results of IAT between groups of individuals. In addition, the IAT is difficult to manipulate (see Lai et al., 2014). For instance, Lai et al. (2014) tested the efficiency of different forms of intervention in reducing racial bias and found a significant reduction only in eight out of seventeen interventions. Importantly, as the authors pointed out (Lai et al., 2014), it is not clear that the effect of the intervention is long-lasting and induces a behavioral change. Taking into consideration all these factors, our results should be taken with caution, and follow-up work should explore changes in the racial bias in a larger sample, considering possible cultural differences between groups and using a larger variety of tasks to assess racial bias.
In previous studies, we demonstrated that body form representations (e.g., the apparent size of a body part; Ambron et al., 2017; Ambron et al., 2018) or changes in the body schema (e.g., the position of the body in space; Ambron et al., 2020) influence motor abilities. The current study provides additional evidence that changes in body representations influence action performance. Indeed, we confirmed that the embodiment of different skin colors is rapid, can occur only after a few seconds, and influences the motor system. Participants performed the reaching movements as if the VR hand was their hand and as if the hand colors were their skin color; this embodiment influenced participants’ attitudes toward other individuals. This evidence has important implications as it suggests that VR and the embodiment of different skin colors can be used as possible interventions to favor inclusion and social integration between different racial groups.
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