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Abstract

Virtual Reality (VR) has been increasingly referred to as the “ultimate empathy machine”

since it allows users to experience any situation from any point of view. However, empirical

evidence supporting the claim that VR is a more effective method of eliciting empathy than

traditional perspective-taking is limited. Two experiments were conducted in order to com-

pare the short and long-term effects of a traditional perspective-taking task and a VR per-

spective-taking task (Study 1), and to explore the role of technological immersion when it

comes to different types of mediated perspective-taking tasks (Study 2). Results of Study 1

show that over the course of eight weeks participants in both conditions reported feeling

empathetic and connected to the homeless at similar rates, however, participants who

became homeless in VR had more positive, longer-lasting attitudes toward the homeless

and signed a petition supporting the homeless at a significantly higher rate than participants

who performed a traditional perspective-taking task. Study 2 compared three different types

of perspective-taking tasks with different levels of immersion (traditional vs. desktop com-

puter vs. VR) and a control condition (where participants received fact-driven information

about the homeless). Results show that participants who performed any type of perspec-

tive-taking task reported feeling more empathetic and connected to the homeless than the

participants who only received information. Replicating the results from Study 1, there was

no difference in self-report measures for any of the perspective-taking conditions, however,

a significantly higher number of participants in the VR condition signed a petition supporting

affordable housing for the homeless compared to the traditional and less immersive condi-

tions. We discuss the theoretical and practical implications of these findings.

Introduction

Empathy, the ability to share and understand someone else’s emotions, is an imperative com-

ponent of successful social interactions [1]. Empathy has been shown to increase understand-

ing and motivate prosocial behaviors [2–5]. Given its importance and positive effects on
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intergroup social interactions, researchers, artists, and tech companies have tried to find novel

ways to increase empathy via different types of empathy interventions.

In 2015, virtual reality (VR) was described as the “ultimate empathy machine” since it

allows people to viscerally experience anything from another person’s point of view [6]. VR

experiences, or immersive virtual environments (IVEs), are computer generated, 3D environ-

ments where people can move around freely and interact with their surroundings. IVEs

replace the user’s perceptual input of the real world with perceptual input from a virtual world,

and make users feel like they are actually inside a virtual environment. De la Peña and col-

leagues [7] argue that VR’s ability to elicit presence, the user’s subjective feeling of being inside

an IVE, allows users to more deeply understand perspectives other than their own. Since then,

companies and institutions like Facebook, HTC, and the United Nations have allocated mil-

lions of dollars toward programs such as Oculus’s “VR for Good” and HTC’s “VR for Impact”

[8–9], which try to use VR to promote empathy and social welfare.

Interest in VR as an empathy tool has led to the increased production of IVEs designed

with the sole purpose of increasing empathy. These experiences place users in novel environ-

ments, showing them what it would be like to experience a specific situation from someone

else’s perspective. Extensive research shows that taking the perspective of someone else (i.e.,

imagining what it would be like to be someone else) can be an effective method of promoting

empathy and motivating prosocial behaviors [2–5, 10–12]. However, there is a need for more

empirical evidence validating perspective-taking in VR as an effective way to promote empa-

thy, especially now that multiple empathy-driven IVEs are publicly available online, and past

research demonstrates that traditional perspective-taking does not always lead to positive out-

comes [13]. Thus, the current investigation focuses on 1) comparing the short and long-term

effects of a traditional perspective-taking task against a VR perspective-taking task, and 2)

exploring the technological and psychological mechanisms that make perspective-taking an

effective method of promoting empathy and prosocial behaviors.

Positive and negative effects of perspective-taking

Traditional perspective-taking tasks (i.e., where participants are asked to imagine what it

would be like to be someone else under specific circumstances), have been used extensively in

the literature, and can effectively increase the empathy a perceiver feels for a specific social tar-

get. These tasks can be particularly powerful since they often result in feelings of inclusion and

self-other merging [10], reduce prejudice and attenuate negative stereotypes [14], can help cre-

ate and maintain social bonds [15], facilitate social interactions [16], and motivate altruistic

helping behaviors [12]. In addition, perspective-taking does not only increase empathy for spe-

cific people, but can increase empathy toward entire stigmatized groups. For example, Batson

and colleagues [3] found that participants who were asked to take the perspective of a member

of a stigmatized group (e.g., people diagnosed with AIDS or convicted criminals) reported

more positive attitudes not only toward a specific member of that group, but toward the stig-

matized group as a whole.

The literature suggests that there are differential effects depending on the type of perspec-

tive-taking employed. For example, past studies have demonstrated that imagine-other per-

spective-taking tasks, where participants are instructed to imagine how someone else feels

about a specific situation, lead to empathy and an altruistic motivation to help. On the other

hand, imagine-self perspective-taking tasks, where participants are instructed to imagine how

they would feel if they were in someone else’s situation, lead to empathy, personal distress, and

an egoistic motivation to help [17–18]. Lamm, Batson, and Decety [19] have also found that

there are differences in the neural mechanisms that are activated when imagine-self vs
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imagine-other perspective-taking tasks are used. Batson and colleagues [17] suggest that if the

goal of the perspective-taking task is to maximize motivation to help, employing an imagine-

self perspective-taking task may be more effective than an imagine-other approach.

Despite the general consensus that perspective-taking leads to positive outcomes [3, 13],

under certain circumstances, perspective-taking can backfire and not only negate the positive

outcomes outlined above, but also increase the stereotyping of others [20–22]. Perspective-tak-

ing may even cause people to blame members of a stigmatized group for their own situation

even when they may not be at fault [3], and generate adverse effects in competitive settings.

For example, Pierce and colleagues [13] demonstrated that taking the perspective of a competi-

tor led to more unethical behaviors, further confirming that the positive effects of perspective-

taking are contextually bound.

Media and empathy

Apart from traditional perspective-taking, researchers have tried to promote empathy through

a variety of mediated perspective-taking tasks (i.e., print media, interactive narratives, video

games, and online interfaces that prompt users to take on a perspective other than their own).

Mediated perspective-taking tasks provide additional information to the participant or user

about a specific situation instead of relying solely on the user’s imagination. This may be par-

ticularly helpful when participants have had limited contact with or have very little or errone-

ous information about a social target [23]. However, it is important to note that each type of

media provides information through specific channels that rely on one or a combination of

the human senses. A book, for example, provides visual content and therefore relies on the

visual system. A video game, however, provides visual, auditory, and sometimes haptic stimuli

to the user, and therefore relies on the visual, aural, and proprioceptive systems.

Different types of media also vary in their level of immersion and interactivity. Immersion

is an objective and descriptive measure of the extent to which a particular medium is able to

create and sustain a “vivid illusion of reality” [24]. Interactivity refers to the extent to which

users can exert influence over the content of the mediated environment in real-time [25]. The

fact that different types of media such as books, TVs, computers, and VR fall under different

levels of immersion and interactivity, may help explain why extant research has mixed results

regarding mediated perspective-taking tasks and their effects on empathy and prosocial

behaviors.

When it comes to print media, specifically the sharing of information via text, past research

shows that providing new information about specific events (e.g., natural disasters) or groups

of people (e.g., Native Americans) reduces social distance, increases empathy, and often results

in prosocial behaviors [26–27]. Oliver and colleagues [28] highlight that the way in which

information is formatted affects reader’s empathic responses, and found that information for-

matted as a narrative elicited more empathic responses from readers than fact-driven stories.

However, providing new information does not always change people’s stereotypes of others or

mitigate implicit biases [29].

Interactive interfaces such as virtual narratives (e.g., online role playing games) and video

games have also been considered effective platforms to promote empathy [30–31]. For exam-

ple, Hailpern and colleagues [32] created an interactive system that emulated the effects of

aphasia through the real-time distortion of written text. This system gave participants a first-

hand experience of what it would be like to have aphasia. Participants who interacted with the

system reported feeling more empathetic and being more understanding of people with speech

impediments than their counterparts who did not interact with the system at all. These inter-

faces are more immersive than print media because they give the user the ability to interact
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with digital representations of other users or algorithms (i.e., avatars or agents) and with their

online environment in real-time. However, it is important to note that not all simulations of

disabilities lead to positive results. For example, Brown [33] simulated schizophrenia by having

participants listen to intrusive and distracting sounds for 15 minutes and found that partici-

pants’ attitudes toward schizophrenics deteriorated after the simulation. In a different study,

researchers simulated blindness by covering participants’ eyes. Their results found that even

though the simulation led to empathic concern, it also spread misinformation and reinforced

stereotypes [34].

Higher interactivity has been linked to higher feelings of presence, or the feeling of “being

there” [25], and can provide a more engaging and personalized experience [35]. Vorderer,

Knobloch and Schramm [36] explored the effects of three different levels of interactivity

(none, little, high) on empathy and entertainment while participants watched a movie. Results

showed that, for participants with higher cognitive ability, increased interactivity led to greater

empathy toward the movie’s protagonist. This study suggests that higher levels of interactivity,

as a feature of immersion, can increase empathy. Using a different media platform, Behm-

Morawitz, Pennel, and Speno [37] created a digital gaming app designed to reduce prejudice

toward African Americans. White participants, who interacted with the game using Black ava-

tars reported having more favorable beliefs toward African Americans and were more willing

to support “pro-minority” initiatives compared to participants who usedWhite avatars. The

collective results of these studies provide evidence in support of mediated perspective-taking

as an effective way to promote empathy.

Perspective-taking tasks and VR

An IVE is a fully immersive and interactive computer-generated environment that gives the

user the feeling of being somewhere other than where they are in the physical world. VR sys-

tems block out the perceptual input from the real world and replace it with perceptual input

from a virtual environment that surrounds the user, is fully responsive to the user’s actions,

and elicits feelings of presence. Because of these affordances, VR allows users to vividly and vis-

cerally experience any situation as if it were happening to them from any perspective [38].

Unlike traditional media, the high level of immersion, feeling of presence, and the ability to

vividly experience any situation from any perspective, may uniquely position VR as an effec-

tive perspective-taking medium.

Additionally, imagining what it would be like to be someone else is cognitively taxing [39–

40]. When performing a VR perspective-taking task, however, fewer mental resources are

required to create a specific environment or situation because it is all rendered digitally, and

the user can solely focus on acting and reacting within the experience. This positions VR per-

spective-taking at an advantage in terms of accurate content, in comparison to traditional per-

spective-taking, since participants do not have to rely on their preexisting schemas or biases

[41]. It is also methodologically advantageous since it makes it possible for all participants to

undergo the exact same experience, as opposed to the lack of experimental control that occurs

when participants use their imagination during traditional perspective-taking tasks [42].

Embodied cognition theory postulates that cognition is an interaction of the body and

mind [43] that takes place within the context of a specific environment [44]. Past studies show

that physical movement can improve a participant’s performance while completing cognitive

tasks, and that the physical experience of a particular environment can have an effect on both

perceptions and behaviors [45–46]. VR allows users to move and interact with their surround-

ings as if they were actually there through a combination of physical body movements (e.g.,

walking, extending their arms to reach an object, or turning their head around to examine
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their surroundings) and button presses using controllers. These affordances, not available in

less immersive media, allow users to gather spatial information about the virtual environment

using the same perceptual systems they would use to gather spatial information about the real

world. Furthermore, past research has shown that the gathering of more perceptual informa-

tion results in a more accurate mental representation of the physical environment [47]. Thus,

the user’s ability to actively engage with and move around inside an IVE may result in

improved cognition due to the additional information users are able to collect through physi-

cal movement [48], and may have a positive effect on empathy and prosocial behaviors.

In previous work, embodying the perspective of other groups (e.g., colorblind, schizo-

phrenic, or elderly individuals) has increased helping behaviors and decreased prejudice

against outgroup members [5, 49–50]. One study specifically compared the effectiveness of a

traditional perspective-taking task and a VR perspective-taking task at mitigating ageism [40].

The results showed that the negative effect of threat on ageism was more effectively reduced by

the VR perspective-taking task than by imagination alone. However, when the participants felt

they were personally threatened by the elderly, neither VR perspective-taking nor imagination

mitigated ageism.

Past studies have also shown that when light-skinned participants embody a dark-skinned

avatar (i.e., a digital representation of the user) and interact in a virtual environment, implicit

biases toward dark-skinned people are significantly reduced [51–52]. In a different line of

studies, Ahn, Bailenson, and Park [53] compared the effects of cutting down a tree in a tradi-

tional perspective-taking task, a VR perspective-taking task, and a less immersive, mediated

perspective-taking task where participants watched a video of someone cutting down a tree

from the first-person perspective. Results showed that participants in the VR condition

reported higher environmental behavior intentions and locus of control than their counter-

parts. After a week, these effects persisted for participants in the VR condition but deteriorated

for the other conditions. A different study showed that embodying animals (e.g., a cow going

to the slaughter house or a coral suffering the effects of ocean acidification) led to higher self-

nature overlap when participants performed a VR perspective-taking task rather than just

watching a video. After one week of treatment, however, the positive effect of VR mitigated

[38]. To our knowledge, these are the only extant studies that have looked at the effect of VR

perspective-taking past the day of treatment [38, 51–53].

Despite the encouraging results outlined above (e.g., VR perspective-taking leads to more

positive outcomes than traditional perspective-taking or less immersive mediated perspective-

taking tasks), these studies are limited by their small sample size (on average, less than 30 par-

ticipants per condition). In fact, most psychological studies using VR systems have been con-

ducted in laboratories where sample sizes are small and mostly composed of college students

with little demographic variance [54].

In order to address the methodological issues of sample homogeneity and external validity,

this investigation differs from past studies in that we gathered a large sample of data from a

more diverse population by taking a mobile lab unit outside of the lab and into more naturalis-

tic settings. For this investigation, in addition to recruiting participants in a medium-sized

western university, the mobile lab unit was taken to museums, shopping centers, senior citizen

centers, schools, and tech fairs with the goal of recruiting participants who represent a part of

the population that has not yet been represented in psychological VR studies.

Additionally, previous studies have used self-report data to measure future intentions (e.g.,

40 and 53), and while these measures often align with actual behavior, that is not always the

case. For example, Rosenberg, Baughman, and Bailenson [55] measured intention to help and

actual helping behaviors, and although the participants in the experimental condition exhib-

ited more helping behaviors than those in the control condition, there was no significant
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difference in self-reported intention to help between the two conditions. Similarly, Bailenson

and colleagues [56] found no differences in their self-report measures but detected significant

differences when examining nonverbal behavioral measures. In order to address these issues

and gain a more thorough understanding of the effects of different types of empathy interven-

tions, this investigation employs both self-report and behavioral measures.

Overview of studies

Two studies were conducted in order to compare the effects of different types of perspective-

taking interventions on empathy and prosocial behaviors. Study 1 was a longitudinal investiga-

tion that compared the effects of a VR perspective-taking task against a traditional, narrative-

based perspective-taking task. In Study 2, we sought a more nuanced approach to further

explore the mechanisms that caused differences, or lack thereof, between the traditional and

the VR perspective-taking tasks. In order to do so, we allowed for contrasts between a larger

set of control conditions and developed four different empathy interventions: a fact-driven

information intervention, a narrative-based perspective-taking task, and two mediated per-

spective-taking tasks (low vs. high immersion) in order to more accurately explore the effect of

immersion and type of empathy intervention on elicited empathy and prosocial behaviors

toward the homeless.

The homeless population was chosen as the social target in this work because the homeless

are considered an extreme outgroup that people often struggle to empathize with [57–58]. In

addition, the distinction between the in-group and outgroup is clearly defined and, unlike race

or gender, it applies to a larger population because, under specific circumstances, anyone can

become homeless.

Study 1

Study 1 compared the short and long-term effects of a traditional, narrative-based perspective-

taking (NPT) task and a VR perspective-taking (VRPT) task at the time of the intervention

and over the course of eight weeks. As outlined above, an extensive line of research shows that

perspective-taking is a powerful exercise that often results in increased empathy and prosocial

behaviors toward a specific social target (e.g., stigmatized groups). However, little is known

about the duration of these effects. Past research examining the longitudinal effects of perspec-

tive-taking tasks (both traditional and mediated) has only looked 1 to 2 weeks after the time of

the intervention [3, 38, 51–52].

Since VR affords vivid experiences in a cognitively effortless way, a perspective-taking task

through the use an IVE may be more effective at promoting empathy and prosocial behaviors

than a traditional, narrative-based perspective-taking task. Additionally, participants in IVEs

are surrounded by virtual stimuli that they can interact with, which may make them feel

greater presence inside the virtual environment. Thus, we predict VRPT will be more effective

than NPT at eliciting empathy and prosocial behaviors at the time of the intervention and over

the course of eight weeks.

Method

All procedures and materials were approved by the Ethical Committee of the Institutional

Review Board at Stanford University, IRB-34677. Written consent was obtained from all par-

ticipants. The individual in this manuscript has given written informed consent (as outlined in

PLOS consent form) to publish these case details.
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Participants

Individuals recruited from a medium-sized western university and from around the San Fran-

cisco Bay Area formed an initial sample of 130 participants. Participants received a $100 Ama-

zon gift card for completing the four parts of the study. All participants who agreed to

participate were asked to come into the laboratory to complete the first part of the study. Of the

130 participants, 13 participants failed to complete some part of the study and were excluded

from the analysis. The final sample (N = 117) consisted of 40 men, 75 women, and 2 participants

who identified as other. The ages ranged between 15 and 57 (M = 22.94, SD = .95). Of these 117

participants, 33 (28%) were White Caucasian, 7 (6%) were Hispanic, 8 (6.8%) were Indian, 49

(41.8%) were Asian, 7 (6.8%) were African American, and 13 (11.1%) were multiracial.

Design and procedure

In this mixed design, participants were randomly selected into one of two conditions, either

the NPT (n = 56) or VRPT (n = 61) condition. All participants completed a pre-intervention

questionnaire which included demographic questions, the Interpersonal Reactivity Index

(IRI), and the Beliefs about Empathy scale. These scales were used in order to conduct sample

checks and make sure that random assignment was successful. Participants then completed

either the NPT or the VRPT task.

In both conditions, participants performed an imagine-self perspective-taking task. An

imagine-self perspective taking task was chosen over an imagine-other task to ensure that the

NPT and VRPT tasks were qualitatively the same apart from the medium being used to deliver

the intervention. In the NPT condition, participants imagined what it would be like if they

became homeless, and in the VRPT condition, participants experienced what it was like to

become homeless inside an IVE from the first-person perspective. However, in order to con-

trol for the level of detail, accuracy of information, implicit biases against the homeless, and

the scenarios that the participants would either imagine in a traditional perspective-taking task

or virtually experience in the VRPT task, we standardized a narrative across the two conditions

to guide participants through their respective perspective-taking tasks.

The narrative begins with the participants sitting in their apartment after losing their job

and realizing rent is due. Despite selling most of their belongings, participants are not able to

raise enough money to pay rent and are evicted from their apartment. Forced to live out of

their car, they prepare themselves for the night by trying to find their toothbrush and other

items needed to brush their teeth. Participants suddenly hear a police siren and are approached

by a police officer who discovers the participants are living out of their car. Due to a city ordi-

nance prohibiting the use of cars as homes in public spaces, the car is impounded. Participants

are now traveling on a bus at night for shelter and warmth, when they are warned that there

are two men onboard who may serve as a threat to them. One man may try to get unpleasantly

close to the participant while the other may try to steal the participant’s backpack. In the bus,

participants also interact with other non-threatening homeless people and learn about their

experiences. The events in this narrative were adapted from Hotel 22, a documentary depicting

how the homeless use public transportation for shelter at night [59], and existing interviews

with homeless people in the local area. The narrative represents the lived experiences of veter-

ans, families crippled by medical bills, victims of domestic violence, and drug addicts.

In the NPT condition, participants were given a narrative version of the storyline described

above. The narrative was a written account from a first person point of view of what it would

be like to become homeless (see Text A in S1 Appendix for full version). Before participants

read the narrative, they were instructed to imagine the content of the narrative as if it was hap-

pening to them. The instructions and method were adapted from Batson et al. [3].
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In the VRPT condition, participants experienced what it was like to become homeless

inside an IVE. The narrative that the participants followed was the same narrative from the

NPT condition. Participants were seated throughout the experience, but navigated the IVE by

moving their head and leaning their torso to look where they wanted, and selected objects by

first looking at the object they wanted to interact with and then clicking on their mouse.

Participants in this condition wore a lightweight head-mounted display (HMD) with a reso-

lution of 960 x 1080 pixels and a refresh rate of 75 frames per second for each eye with an aver-

age latency of 13ms. The HMD used was an Oculus Rift DK2 (Fig 1). Participants’ head

translation (x, y, z position) and orientation (yaw, pitch, and roll) was tracked throughout the

experience using an infrared camera (Oculus DK2 IR camera).

Unlike the NPT condition, where participants imagined what it was like to become home-

less, participants in the VRPT condition experienced the narrative events described above

inside the IVE. The VR experience consisted of three scenes that matched the three locations

described in the narrative. This perspective-taking task differed markedly from the NPT con-

dition in that participants in this condition were able interact with certain objects in the virtual

environment. Each scene contained an interactive task where participants had the opportunity

to make choices and see the consequences of those choices in real-time. For example, partici-

pants in the NPT condition were told to imagine how difficult it would be to find their tooth-

brush in their car, whereas participants in the VRPT condition had to actually find the

toothbrush inside the car by moving their head to look around the car. None of the choices

made by participants affected the length or the course of the overall VR experience. Fig 2

shows the three scenes from the participant’s point of view.

Both perspective-taking tasks, regardless of delivery method, lasted approximately 15 min-

utes. Upon completion of the post-intervention questionnaire, participants left the laboratory

and received three follow up surveys over the next eight weeks. The follow up surveys were

sent via email exactly two, four, and eight weeks after the intervention took place. Each follow-

up survey was automatically sent by the Qualtrics platform as a link that would expire after 24

hours of being sent. When participants completed the surveys, researchers were able to down-

load the data from that same platform without any identifying information.

Participants who did not meet the deadline were excluded from the analysis. At Time 0

(immediately after the intervention) 2 participants were excluded due to technical difficulties.

At Time 1 (2 weeks after the intervention), 5 participants failed to complete part two within

the given time frame. At Time 2 (4 weeks after the intervention) 2 participants did not com-

plete part three. At Time 3 (eight weeks after the intervention) 4 participants did not complete

the survey within the allotted time. All participants were debriefed once the study had been

completed.

Measures

Population variables. Interpersonal Reactivity Index. The Interpersonal Reactivity Index

(IRI) is a 28-item scale with four subscales answered on a 5-point Likert scale ranging from

“does not describe me well” to “describes me well”. The IRI measures individual differences in

empathy by assessing the participant’s tendency to adopt the point of view of others (M = 3.86,

SD = 0.57, Cronbach’s alpha = .77), empathic concern for others (M = 3.97, SD = 0.59, Cron-

bach’s alpha = .80), and personal distress in tense situations with others (M = 2.7, SD = 0.83,

Cronbach’s alpha = .87) [60]. Sample items include “I sometimes find it difficult to see things

from the ‘other guy’s’ point of view” and “I am often quite touched by things that I see hap-

pen”. There were two main reasons why the fantasy subscale was excluded. The first and main

reason for excluding the fantasy subscale was that this was a mobile experiment. One of the
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limitations of having a mobile VR lab and running with volunteers (mostly composed of

attendees at museums and events) is that time is an issue for most participants. Given we were

already asking multiple questionnaires and the intervention lasted 15 minutes, we needed to

be very selective about what questions to include. The second reason is that the fantasy sub-

scale taps into a participant’s ability to “transpose themselves imaginatively into the feelings

and actions of fictitious characters from books, movies, and plays” [60]. The fantasy subscale

specifically measures the ability to embody (through imagination) a fictional character and feel

what they are feeling, something that was less relevant to our intervention. We did not expect

differences in any of the IRI’s subscales across conditions since they were collected before

treatment.

Beliefs about Empathy Scale. The Beliefs about Empathy scale is a 12-item scale answered

on a 7-point Likert scale (1 = strongly disagree, 7 = strongly agree) that measures the extent to

which people believe that empathy is something that can be controlled. Sample items include

“people can always change how much empathy they generally feel for others” and “when a per-

son feels empathy for someone, they can’t stop feeling empathy, even if they want to stop.” The

scale contains two different subscales, controllability (M = 4.31, SD = 1.06, Cronbach’s alpha =

.82) and implicit theories (M = 4.51, SD = 1.33, Cronbach’s alpha = .92). The overall reliability

of this scale was good, Cronbach’s alpha = .87. This scale is used as a sample check to make

sure that there are no significant differences in beliefs about empathy across conditions, as pre-

vious research has demonstrated that participants who believe they can control their empathic

responses actually exert more empathic effort than those who believe they have no control

[61].

Outcome variables. Manipulation Check. In order to assess if participants in the VRPT

condition felt more spatially present than participants in the NPT condition, participant’s

open-ended responses to the question “What are your thoughts about your experience so far?”

were coded. Two coders, blind to condition, coded the participants’ responses independently.

Fig 1. Equipment used for VRPT condition. (1) Oculus DK2 (2) Oculus DK2 infrared camera (3) headphones & (4)
mouse. The individual in this manuscript has given written informed consent (as outlined in PLOS consent form) to
publish these case details.

https://doi.org/10.1371/journal.pone.0204494.g001
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Fig 2. Scene progression for VR perspective-taking task. Top: Participant’s point of view in the apartment scene.
Middle: Participant’s point of view in the car scene. Bottom: Participant’s point of view in the bus scene.

https://doi.org/10.1371/journal.pone.0204494.g002
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The coding scheme employed was deductive and adapted from the presence questionnaires

used in Nowak and Biocca [62] and Bailenson and Yee [63]. Participants received a 1, 0, or -1

depending on their responses.

Participants received a “1” if they explicitly mentioned that the experience or narrative felt

real, was realistic, or immersive, if they felt immersed, “there”, inside the environment, or if

they were physically or spatially affected by what they experienced in VR or what they imag-

ined. Participants received a “0” if their response was not related to presence or immersion,

and a “-1” if they explicitly mentioned that the experience or narrative was not real or realistic,

that they did not feel “there”, immersed, or physically affected by what they experienced in VR

or what they imagined (M = 0.15, SD = 0.47).

Inclusion of the Other in the Self. The Inclusion of the Other in the Self (IOS) scale is a sin-

gle-item, pictorial measure of closeness and connectedness. In the IOS scale, participants select

the picture that best represents their relationship with the average homeless person [64]. Pic-

tures are Venn-like diagrams of two circles overlapping, with each circle representing a home-

less person and the self, respectively. The pictures are coded from 1 to 7 with the larger

numbers indicating a closer relationship with the homeless (i.e., a larger degree of overlap

between the two circles) (M = 3.09, SD = 1.92).

Empathy. Using a 7-point Likert scale (1 = Not at All, 7 = Extremely), participants were

asked to rate the extent to which they felt softhearted, touched, sympathetic, or compassionate

throughout the intervention. The results of these four questions were used to create an index

of empathic concern. This measure was adapted from Batson, Early and Salvarani [17]. The

overall reliability of the index was good, Cronbach’s alpha = .88 (M = 5.05, SD = 1.21).

Personal Distress. Using a 7-point Likert scale (1 = Not at All, 7 = Extremely), participants

were asked to rate the extent to which they felt uneasy, troubled, distressed, or disturbed

throughout the intervention. The results of these four questions were used to create an index

of personal distress. This measure was also adapted from Batson, Early and Salvarani [17]. The

overall reliability of the index was good, Cronbach’s alpha = .87 (M = 4.58, SD = 1.33).

Dehumanization Scale. The Ascent of Man measure of Dehumanization is a single-item

measure of blatant dehumanization [65]. This measure was chosen to examine whether or not

traditional or VR perspective-taking tasks could prevent dehumanization toward the homeless

since past research has demonstrated that people are willing to overtly describe outgroup

members as less evolved than members of their own group [57–58, 65]. Participants are asked

to rate how evolved the average member of the homeless population is by looking at the

“Ascent of Man” evolution picture that depicts a primate evolving into a human (0 = not

evolved/primate, 100 = fully evolved/human) (M = 89.06, SD = 16.09).

Social Presence Scale. The 6-item social presence scale assesses how present participants felt

with virtual humans inside the IVE in the VRPT condition and was adapted from Nowak and

Biocca [62]. Participants were asked to rate how strongly they felt the virtual humans were

with them inside the IVE using a 5-point Likert scale (1 = not at all, 5 = very strongly). The reli-

ability of the scale was good, Cronbach’s alpha = .92 (M = 1.49, SD = 1.55). Sample items

include “How strongly did you sense that the virtual humans were aware of your presence”

and “How strongly did you sense that the virtual humans were present?”

Attitudes toward the Homeless. The 7-item attitudes scale was answered on a 9-point Likert

scale (1 = strongly disagree, 7 = strongly agree). This scale adapted from Batson et al. [3] to

gauge attitudes toward the homeless (M = 6.48, SD = 1.18, Cronbach’s alpha = .83). Sample

items include “Most homeless people could have avoided becoming homeless” and “Our soci-

ety does not do enough to help homeless people.” Two out of the seven items from the atti-

tudes toward the homeless scale were reverse coded. Higher scores indicate more positive

attitudes toward the homeless.
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Behavioral measures. Agreement with Proposition A. Proposition A, a real proposition

at the time the study was conducted, supported increasing affordable housing for vulnerable

populations in the San Francisco Bay Area (Text B in S1 Appendix). After participants read

Proposition A, they were asked the extent to which they agreed with the proposition using a

5-point Likert scale (M = 4.07, SD = .76) ranging from “not at all” to “completely”. This mea-

sure was implemented at Time 0 (immediately after the intervention).

Signing Petition Supporting Proposition A. Participants were also asked whether or not

they were willing to sign a petition supporting Proposition A. At this point, participants were

reminded that the passing of the proposition would mean an increase in their taxes. Instead of

simply selecting yes or no, participants either signed the petition or left the petition page blank

(71.8% of all participants signed the petition). The researcher was not in the room while the

participant read or responded to the petition, so as not to influence the participant’s behaviors.

This measure was also implemented at Time 0 and participants were debriefed that the petition

was not a real petition upon completion of the study eight weeks later.

Donation Question. After either empathy intervention, participants were asked if they

wanted to donate part of their compensation to a homeless shelter using an 11-point Likert

scale ranging from “$0” to “$10” (M = 5.73, SD = 3.78). Participants were compensated in full

regardless of whether they chose to donate any money or not. However, participants were not

aware they were going to receive full compensation until they were debriefed after the study

had been completed. Again, the researcher was not in the room with the participant while they

chose whether or not to donate money. This measure was also implemented immediately after

the intervention.

Letter Writing. Participants were asked to write a letter to their elected officials regarding

the issue of homelessness at Time 1 (2 weeks after the intervention), and a letter to a friend

describing how they felt and what they had learned about the issue of homelessness at Time 3

(eight weeks after the intervention). For instructions see Text C in S1 Appendix. These behav-

ioral measures were added in order to 1) examine the extent of each participant’s civic engage-

ment regarding the issue of homelessness, and 2) conduct linguistic analysis to further

understand participants’ emotional states through their written language. Past research dem-

onstrated that analyzing the way that people write (function words) rather than what they

write about (content words), is a reliable measure of different psychological and emotional

states [66]. We focused on analyzing 7 categories: word count, positive emotion, negative emo-

tion, social, anxiety, I, and we. These categories were specifically chosen to quantify affect, and

examine the extent to which participants included or excluded themselves as part of the solu-

tion when writing about the issue of homelessness [67]. All linguistic analyses were performed

using Linguistic Inquiry andWord Count (LIWC) software.

Agreement with Measure B. Similar to Proposition A, Measure B also advocated for

increasing affordable housing for vulnerable populations (Text D in S1 Appendix). This mea-

sure provided different, yet related, information about what can be done to help the homeless

in order to assess support for helpful initiatives over time. This behavioral measure was imple-

mented at Time 2 (4 weeks after the intervention). Participants were asked to read Measure B

and report the extent to which they agreed with it using a 5-point Likert scale (1 = not at all,

5 = completely) (M = 4.19, SD = .92).

Results

Population variables

A one-way analysis of variance (ANOVA) showed that there was no significant difference in

participants’ trait-levels of empathy on any subscale of the IRI scale across the two conditions
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(Perspective Taking: t(112) = 0.30, p = .762; 95% Confidence Interval (CI) [-.18, .24], Empathic

Concern: t(108) = -0.39, p = .697; 95 CI [-.26, .18], and Personal Distress: t(114) = 0.39, p =

.695; 95 CI [-.24, .36]). There were also no significant differences between the two conditions

regarding beliefs about empathy (Controllability: t(113) = 0.11, p = .912; 95 CI [-.37, .41],

Implicit Theories: t(114) = -1.25, p = .214; 95 CI [-.79, .18]). These results show that there was

a balance across conditions in terms of the way that people think about empathy and in the

way that they believe they are able to control their empathic responses, showing that random

assignment was successful across conditions.

Outcome variables

Manipulation check. Cohen’s Kappa was calculated in order to assess inter-coder reliabil-

ity and agreement between the two coders [68]. There was substantial agreement between the

two coders (κ = .89, p< .001, 95% CI [.81, .99]. Data from the two coders were averaged

together. A Chi-Squared test was used in order to test whether or not there was a significant

difference in the proportion of participants who reported feeling present (values equal to 1)

and the participants who did not (values smaller than 1) across conditions. In the NPT condi-

tion 5.4% of participants received a score of 1 and in the VRPT condition 34.4% participants

received a score of 1. Results showed that significantly more participants in the VRPT condi-

tion reported feeling spatially present than participants in the NPT condition (X2(1) = 15.06, p

< .001; 95 CI [14.98, 42.10]).

Continuous variables. The means and standard deviations for the outcome variables (i.e.,

IOS, Dehumanization, Empathy, Personal Distress, Social Presence, support for Proposition

A, support for Measure B, and amount donated) by condition and time are summarized in

Table 1.

All continuous outcome variables were analyzed using a linear growth curve model with

fixed effect of condition (NPT vs VRPT) on the intercept (results right after the intervention)

and linear terms (trend over the course of eight weeks). Random effect of individuals on the

intercept and the slopes were included in the models as well. Growth curve modeling analysis

was chosen since it accounts for inter-participant variability (between) and intra-participant

(within) patterns of change over time [69–70]. All analyses were carried out in R version 3.0.2

using the nlme package.

IOS. There were no statistically significant differences in self-other overlap between the

conditions at the time of the intervention (Time 0) (X2(1) = 2.22, p = .136; 95 CI [-0.15,

1.08]). There was also no effect of condition on how connected participants felt toward the

homeless in the eight weeks following the intervention (X2(1) = .1024, p = .749; 95 CI [-0.23,

.17]). Fig 3 shows the data and model fit. The general trend for both conditions is that partic-

ipants felt moderately connected to the homeless immediately after the intervention, but

experienced a slight decline of .03 points (SE = 0.1) in perceived connectedness at the time of

each follow up.

Dehumanization. There was no significant effect of condition on blatant dehumanization at

the time of the intervention (X2(1) = .32, p = .572; 95 CI [-5.22, 5.68]). However, there was a

significant effect of condition indicating that, over time, participants in the VRPT condition

thought of the homeless as more evolved than the participants in the NPT condition who

thought of the homeless as less evolved over time (X2(1) = 3.8, p = .051; 95 CI [0, 2.66]). The

difference was approximately 1.33 (SE = .68) points biweekly showing that although partici-

pants in both conditions thought of the homeless similarly at the time of the intervention, par-

ticipants in the VRPT condition thought significantly higher of the homeless over time than

those in the NPT condition. Fig 4 shows the data and model fit.
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Attitudes toward the Homeless. Visual inspection of the residuals of the model testing the

effect of condition and time on attitudes toward the homeless revealed a curvilinear relation-

ship between these variables. The quadratic model fit the data significantly better than the lin-

ear model (X2(2) = 13.37, p = .001; 95 CI [-5.02, -1.0]). Since two models were compared for

this dependent variable, a Bonferroni correction (p = α/2) was implemented and results reflect

the adjusted p-values. There was no significant difference in attitudes toward the homeless

between the two conditions at Time 0 (X2(1) = 2.37, p = 0.124; 95 CI [-0.07, .75]). However,

there was a significant effect of condition (X2(1) = 8.19, p = 0.033; 95 CI [-5.02, -0.9]) over the

course of the eight weeks. Even though attitudes toward the homeless deteriorated over time,

the attitudes deteriorated at a significantly slower rate and were consistently more favorable

for participants in the VRPT condition than the participants in the NPT condition. Fig 5

shows the data and model fit.

Empathy. Participants in the VRPT condition reported feeling significantly more empa-

thetic than participants in the NPT condition immediately following the intervention (X2(1) =

4.53, p = .033; 95 CI [.04, .77]). However, there was no significant difference between the two

conditions in self-reported empathy two, four, or eight weeks after the intervention (X2(2) =

3.08, p = .214; 95 CI [-.31, 4.16]). Fig 6 shows the data and model fit.

Personal Distress. Participants in the VRPT condition reported feeling significantly more

distressed and troubled after the intervention than participants in the NPT condition (X2(1) =

4.48, p = .034; 95 CI [.04, .76]). However, there were no significant differences between the two

Table 1. Means and standard deviations for all outcome variables by condition and time.

NPT Condition

Measures Time 0 Time 1 Time 2 Time 3

Mean SD Mean SD Mean SD Mean SD

IOS 2.84 1.99 2.42 1.44 2.65 1.63 2.68 1.73

Dehumanization 89.3 15.3 87.86 18.21 88.85 12.7 87.21 19

Empathy 4.8 1.2 4.57 1.05 4.53 1.14 4.43 1.12

Personal Distress 4.4 1.26 4.38 1.1 4.15 1.26 4.21 1.31

Attitudes 6.39 1.14 5.98 1.27 6 1.24 6.07 1.26

Support Proposition A 4.09 0.83 - - - - - -

Amount Donated 5.44 3.72 - - - - - -

Support Measure B - - - - 4.14 0.89 - -

Petition Signing Proportion 35 out of 57

VRPT Condition

Measures Time 0 Time 1 Time 2 Time 3

Mean SD Mean SD Mean SD Mean SD

IOS 3.33 1.87 2.97 1.68 3.08 1.83 3.1 1.8

Dehumanization 88.8 16.96 91.28 12.86 91.3 12.71 91.4 15.08

Empathy 5.29 1.18 4.9 1.07 4.87 1.2 4.99 1.22

Personal Distress 4.75 1.38 4.63 1.15 4.6 1.28 4.77 1.25

Presence 2.9 0.74 - - - - - -

Attitudes 6.56 1.22 6.54 1.21 6.4 1.22 6.35 1.4

Support Proposition A 4.07 0.69 - - - - - -

Amount Donated 6.02 3.86 - - - - - -

Support Measure B - - - - 4.23 0.96 - -

Petition Signing proportion 49 out of 60

SD = Standard deviation.

https://doi.org/10.1371/journal.pone.0204494.t001
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conditions over the course of eight weeks (X2(2) = 0.84, p = .359; 95 CI [-1.78, 3.88]). These

results indicate that significant differences in personal distress only occurred immediately after

the intervention. Fig 7 shows the data and model fit.

Correlations among Dependent Variables. All simple Pearson correlations between depen-

dent variables are included in Table 2. A Holm-Bonferroni correction was implemented to

account for multiple comparisons. Results show the adjusted p-values.

The correlation analysis showed that IOS scores were not significantly correlated with atti-

tudes toward the homeless immediately after the intervention. However, IOS scores and atti-

tudes became significantly and positively correlated over the course of eight weeks (Time 0:

r = 0.18, p = 1.00; Time 1: r = 0.25, p = .039; Time 2: r = 0.28, p = .024; Time 3: r = 0.30, p =

.008) such that participants who reported feeling more connected to the homeless also

reported more positive attitudes toward them. Dehumanization scores were also not correlated

with attitudes toward the homeless immediately after the perspective-taking tasks but became

significantly and positively correlated over the course of eight weeks (Time 0: r = 0.21, p =

.006; Time 1: r = 0.32, p = .003; Time 2: r = 0.32, p = .004; Time 3: r = 0.31, p = .006). The analy-

sis also revealed that attitudes toward the homeless scores were significantly and positively cor-

related with empathy (Time 0: r = 0.38, p< .001; Time 1: r = 0.61, p< .001; Time 2: r = 0.68, p

< .001; Time 3: r = 0.55, p< .001) such that participants who reported more empathy also

reported more positive attitudes toward the homeless.

Fig 3. Mean values of self-other overlap with the homeless as a function of condition over time.Higher scores
represent higher overlap between the self and the homeless. Error bars represent 95% Confidence Intervals.

https://doi.org/10.1371/journal.pone.0204494.g003

Building long-term empathy

PLOSONE | https://doi.org/10.1371/journal.pone.0204494 October 17, 2018 15 / 37

https://doi.org/10.1371/journal.pone.0204494.g003
https://doi.org/10.1371/journal.pone.0204494


Moreover, attitudes toward the homeless were not correlated with personal distress imme-

diately after the intervention. However, the correlation between attitudes and personal distress

became significant over the course of eight weeks (Time 0: r = 0.22, p = .489; Time 1: r = 0.27,

p = .026; Time 2: r = 0.37, p< .001; Time 3: r = 0.28, p = .013). The analysis also revealed that

self-reported empathy was significantly and positively correlated with personal distress (Time

0: r = 0.30, p = .032; Time 1: r = 0.41, p< .001; Time 2: r = 0.53, p< .001; Time 3: r = 0.46, p<

.001).

Furthermore, four weeks after the intervention, the correlation analysis revealed that atti-

tudes toward the homeless were significantly and positively correlated with support for Mea-

sure B (r = 0.40, p< .001). In other words, participants who reported more positive attitudes

toward the homeless also reported more support for affordable housing four weeks after the

intervention. It is important to note that attitudes toward the homeless were not correlated

with support for affordable housing at the time intervention (r = -0.04, p> 1.00). These results

suggest that over time, the positive correlation between attitudes and support for helpful initia-

tives strengthens.

Behavioral measures. Behavioral Measures at time 0. There was no significant difference

between conditions regarding self-reported support for Proposition A (t (108) = .15, p = .882;

95 CI [-.03, .3]). However, significantly more participants in the VRPT condition signed the

petition in support of Proposition A (z (115) = 2.39, p = .023; 95 CI [1.12, 7.21]) in comparison

to the NPT condition. Even though participants in both conditions claimed to support

Fig 4. Mean values of blatant dehumanization of the homeless as a function of condition over time. Error bars
represent 95% Confidence Intervals.

https://doi.org/10.1371/journal.pone.0204494.g004
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Proposition A to the same extent, a significantly higher proportion of participants who per-

formed the VRPT task physically signed the petition in support of affordable housing. For the

donation question, there was no significant effect of condition on amount donated to a home-

less shelter (t (114) = -.82, p = .411; 95 CI [-1.97, .81]). On average, participants from both con-

ditions donated about 5 dollars to a homeless shelter.

Behavioral Measures at Time 1. Two weeks after the intervention, participants were asked

to write a letter to their elected official on the issue of homelessness. After analyzing the text of

the letters, there were no significant differences in word count (t (108) = 0.64, p = 0.521; 95 CI

[-15.58, 30.54]), positive or negative emotion (t(100) = 0.05, p = 0.960, 95 CI [-1.01, 1.06]; t

(110) = -0.59, p = 0.557, 95 CI [-.87, .47]), or the ‘I’ dictionary (t(104) = 1.11, p = 0.269; 95 CI

[-.38, 1.35]). However, there were marginally significant differences in the anxiety (t(80) =

-1.78, p = 0.078; 95 CI [-.42, .02]) and social (t(107) = -1.85, p = 0.067; 95 CI [-3.94, .14]) dictio-

naries, showing that participants in the VRPT condition were more anxious while writing the

letter, and used more social words than participants in the NPT condition. There was also a

significant difference in the ‘we’ dictionary, indicating that participants in the VRPT condition

wrote about the issue of homelessness and its possible solutions using more “we”, “our”, “us”

pronouns than the participants in the NPT condition (t(102) = -2.01, p = 0.046; 95 CI [-1.53,

-.01]). Means and standard deviations used for all the dictionaries by condition can be found

in Table 3.

Fig 5. Mean values of attitudes toward the homeless as a function of condition over time. Error bars represent 95%
Confidence Intervals.

https://doi.org/10.1371/journal.pone.0204494.g005
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Behavioral Measures at Time 2. Four weeks after the intervention, at Time 2, participants

were asked to what extent they agreed with Measure B, a measure proposed in the San Fran-

cisco Bay Area supporting affordable housing. Participants in the VRPT condition reported

more support for Measure B than participants in the NPT condition (t(105) = -1.74, p = .08; 95

CI [-.63, .04]). However, these results were only marginally significant.

Behavioral Measures at Time 3. Eight weeks after the intervention, participants were asked

to write a letter to a friend telling them what they had learned and thought about the issue of

homelessness. After analyzing the text of the letters, there were no significant differences in

any of the 7 LIWC dictionaries (word count: t(108) = -1.37, p = 0.176, 95 CI [-59.78, 11.11];

positive emotion: t(87) = 0.96, p = 0.340, 95 CI [-0.53, 1.51]; negative emotion: t(114) = -0.75,

p = 0.454, 95 CI [-1.11, 0.5]; we: t(107) = -1.33, p = 0.189, 95 CI [-1.2, 0.24]; I: t(112) = -1.67,

p = 0.097, 95 CI [-1.75, 0.15]; anxiety: t(115) = -0.67, p = 0.506, 95 CI [-0.31, 0.15]; social: t(92)

= 0.34, p = 0.735, 95 CI [-1.75, 2.47]).

Discussion

Both types of perspective-taking tasks led to similar results when it came to self-other overlap

immediately after the intervention and over the course of eight weeks. Participants in the

VRPT condition reported significantly more empathy and more personal distress immediately

after the intervention. However, over time, participants in both the VRPT and NPT conditions

reported similar rates of empathy and personal distress. The results for attitudes toward the

Fig 6. Mean values of empathy as a function of condition over time. Error bars represent 95% Confidence Intervals.

https://doi.org/10.1371/journal.pone.0204494.g006
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homeless and the dehumanization scale show the opposite pattern. Even though both condi-

tions reported similar rates of dehumanization and attitudes toward the homeless at the time

of the intervention, participants in the NPT condition thought of the homeless as less evolved

over time, and the attitudes they had for the homeless deteriorated in the eight weeks that fol-

lowed the intervention. In contrast, the VRPT condition, which allowed participants to inter-

act with the virtual environment in real-time, led to more positive, longer-lasting attitudes

toward the homeless up to two months after the intervention.

Past research has demonstrated that after a perspective-taking task, participants tend to feel

empathetic toward a specific target immediately after the task, but over time, the empathic feel-

ings wane while attitudes toward that target improve [71]. In a different study, Batson et al [3]

found that participants who performed a perspective-taking task felt more empathy for con-

victed murderers than participants who were asked to remain objective. There were no differ-

ences in attitudes toward the convicts between the two conditions immediately after the task,

but there were significant differences in attitudes 1–2 weeks after the intervention, indicating

that feeling empathetic toward a member of a stigmatized group may lead to better attitudes

over time rather than immediately after the perspective-taking task. Batson suggests that atti-

tudes can “outlive the empathic emotion itself” ([3] p. 116). Our results replicate these findings

since participants in the VRPT condition reported more empathy but similar attitudes when

compared to the NPT participants immediately after the intervention, but significantly better

Fig 7. Mean values of personal distress as a function of condition over time. Error bars represent 95% Confidence
Intervals.

https://doi.org/10.1371/journal.pone.0204494.g007
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attitudes toward the homeless over time. Additionally, improved attitudes lasted longer than

the empathic feelings themselves.

It is also important to note that while there were no significant differences when it came to

self-reported support for Proposition A between the two conditions, significantly more partici-

pants in the VRPT condition signed the petition in support of affordable housing even when it

meant an increase in their taxes.

Overall, these results show that immediately after the intervention, VRPT led to more self-

reported empathy and personal distress. Over time, VRPT did not lead to more self-other

overlap, self-reported empathy, personal distress, or donations to a homeless shelter than

more traditional perspective-taking tasks. However, VRPT did result in more positive, longer-

Table 2. Simple correlations among dependent variables.

Time 0—Immediately After the Intervention

Dehumanization Attitudes Empathy Personal Distress Social Presence Support Prop A Donation

IOS 0.10 0.18 0.08 -0.01 0.15 0.04 -0.01

Dehumanization 0.21 -0.07 -0.09 -0.03 -0.02 0.15

Attitudes 0.38 c 0.22 0.14 -0.04 0.08

State Empathy 0.30 a 0.25 -0.09 0.06

Personal Distress 0.16 -0.06 -0.05

Social Presence -0.05 -0.12

Support Prop A 0.16

Donation

Time 1—TwoWeeks After the Intervention

Dehumanization Attitudes Empathy Personal Distress

IOS 0.13 0.25 a 0.07 0.04

Dehumanization 0.32 b 0.11 0.13

Attitudes 0.61 c 0.27 a

State Empathy 0.41 c

Personal Distress

Time 2—Four Weeks After the Intervention

Dehumanization Attitudes Empathy Personal Distress Measure B

IOS 0.19 0.28 a 0.24 0.18 0.16

Dehumanization 0.32 b 0.25 0.09 0.12

Attitudes 0.68 c 0.37 c 0.40 c

State Empathy 0.53 c 0.24

Personal Distress 0.14

Measure B

Time 3—Eight Weeks After the Intervention

Dehumanization Attitudes Empathy Personal Distress

IOS 0.26 a 0.30 b 0.22 0.16

Dehumanization 0.31 b 0.12 -0.01

Attitudes 0.55 c 0.28 b

State Empathy 0.46 c

Personal Distress

a positive at p < .05.
b positive at p < .01.
c positive at p < .001.

https://doi.org/10.1371/journal.pone.0204494.t002
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lasting attitudes toward the homeless and significantly more signatures supporting helpful ini-

tiatives than the NPT condition.

Study 2

The results of Study 1 showed that, over time, participants in both the NPT and VRPT condi-

tion reported feeling empathetic and connected to the homeless at similar rates. However,

VRPT led to more signatures supporting affordable housing and more positive, longer-lasting

attitudes. These results show that perspective-taking aided by immersive VR media can effec-

tively improve attitudes toward the homeless. However, it is possible that less immersive

media, such as desktop computers and laptops, produce similar effects without the need to

fully surround participants with stimuli. Study 2 expands on Study 1 by comparing the effect

of four different types of empathy interventions: a fact-driven information intervention (Infor-

mation), a traditional, narrative-based perspective-taking task (NPT), a VR perspective-taking

task (VRPT), and a less immersive mediated perspective-taking task using a desktop computer

(Desktop) in order to more accurately assess the effect of perspective-taking and examine the

role immersion plays when attempting to promote empathy and prosocial behaviors.

Since past research demonstrates that perspective-taking leads to increased empathy and

helping behaviors, we predict that any type of perspective-taking would be more effective at

eliciting empathy and prosocial behaviors than receiving information (i.e., the three perspec-

tive-taking conditions vs. Information). Given the results obtained in Study 1, we also predict

that mediated perspective-taking would be more effective than NPT (i.e. Desktop and VRPT

vs NPT), and that the most immersive perspective-taking task would be more effective than

the less immersive perspective-taking tasks (i.e. VRPT vs Desktop).

Method

Participants

A total of 452 participants were recruited to participate in this study. Thirteen participants

were excluded from the analysis because they did not complete the study in its entirety. Of the

remaining 439 participants (189 men, 250 women), 190 participants were students recruited

from a medium-sized western university and 249 were recruited at mobile sites such as

schools, museums, and senior citizen centers in the San Francisco Bay Area. Participants pro-

vided informed consent and were compensated with either course credit or a $10 Amazon gift

card for participating. The mean age of the participants was 29.2 (SD = 14.8) and ranged

Table 3. Means and standard deviations for all LIWC dictionaries used.

Time 1 Time 3

NPT VRPT NPT VRPT

Dictionaries Mean SD Mean SD Mean SD Mean SD

Word Count 111.98 65.1 104.5 58.16 98.32 81.4 122.65 110.49

Positive Emotion 3.87 3.12 3.84 2.37 3.46 3.39 2.96 1.91

Negative Emotion 1.95 1.67 2.15 1.92 2.11 2.18 2.41 2.21

Anxiety 0.15 0.35 0.35 0.77 0.25 0.61 0.32 0.64

Social 12.18 5.82 14.08 5.07 12.28 6.88 11.92 4.22

We 1.37 1.65 2.14 2.37 1.23 2.17 1.71 1.72

I 2.34 2.54 2.08 1.85 2.45 2.32 3.25 2.86

SD = Standard Deviation.

https://doi.org/10.1371/journal.pone.0204494.t003
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between 15 and 88 years old. Of these 439 participants, 22 (5%) were African American, 9

(2%) were Middle Eastern, 27 (6%) were Indian, 5 (1%) were Native American, 86 (20%) were

Asian, 32 (7%) were Hispanic, 215 (48%) were White Caucasian, 40 (9%) were multiracial, and

the rest (1%) declined to answer. Participants recruited at mobile sites participated in the study

inside a 3.96m x 2.13m x 2m tent where they were given complete privacy in public areas.

Apart from the physical setting, all of the participants used the same equipment and followed

the same procedures. There was no overlap between participants from Study 1 and Study 2.

Design and procedure

In this between-subjects design, participants signed a consent form and were randomly

selected into one of four conditions: 1) Information, 2) NPT 3) Desktop, or 4) VRPT. After

random assignment, all participants completed a pre-intervention questionnaire which

included demographic questions, the Interpersonal Reactivity Index (IRI), and the Beliefs

about Empathy scale. These scales were used in order to conduct sample checks and make sure

that random assignment was successful. Upon completing this questionnaire, participants in

each condition received a different empathy intervention.

In the Information condition (n = 107), participants were asked to read a packet of infor-

mation and statistics about the homeless population in the Bay Area in 2015 [72]. The packet

was a combination of written information, graphs, tables, maps, and pie charts. The packet

provided information on the main causes for homelessness, obstacles faced by the homeless

when trying to get a job, as well as the percentage of the population that were children, sick, or

had a history of foster care. To read all of the information provided in this packet please see

Text E in S1 Appendix. After reading the packet, participants completed a post-intervention

questionnaire consisting of self-report and behavioral measures. This fact-driven intervention

was chosen in order to examine the effectiveness of perspective-taking (mediated or not)

against a rigorous, real-world intervention that does not utilize perspective-taking at all and

was specifically designed to increase awareness about the homeless.

The NPT (n = 104) and the VRPT (n = 115) conditions in Study 2 were the same as the con-

ditions described Study 1.

In the ‘Desktop’ condition (n = 113), participants sat in front of a computer with a flat TV

screen (39”) and experienced what it was like to become homeless through a 2D interactive

narrative (Fig 8). The narrative that the participants followed was the same interactive narra-

tive from the VRPT condition, except participants were only able to view the environment on

the screen, navigate the online environment using the arrow keys on the computer keyboard,

and select objects with their mouse. The functionality of this interactive narrative resembled

that of an online game. Participants in this condition were given the same interactive tasks as

the VRPT condition, and were able to make their own choices, navigate the virtual environ-

ment, and receive immediate feedback. Fig 2 also shows the three scenes from the participant’s

point of view.

All of the perspective-taking tasks, regardless of type, lasted approximately 15 minutes. All

participants completed the same post-intervention questionnaire immediately after the inter-

vention. All participants were debriefed once the study had been completed.

Measures

The same manipulation check employed in Study 1 was used in Study 2 to assess how spatially

present participants felt across the three perspective-taking conditions. The self-report mea-

sures used in Study 2 (described in Study 1) were IRI, Beliefs about Empathy, IOS, Dehumani-

zation, Empathy, Personal Distress, and Social Presence. The behavioral measures used were
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self-reported support for Proposition A, whether or not participants signed a petition support-

ing Proposition A, and the homeless shelter donation question. The overall means and stan-

dard deviations, as well as the reliability of the scales (Cronbach’s alpha) used in Study 2 can be

found on Table 4.

Results

Population variables

Replicating Study 1, a one-way analysis of variance (ANOVA) showed that there was no signif-

icant difference in participants’ trait-levels of empathy on any subscale across the four condi-

tions (Perspective Taking: F(3, 435) = .89, p = .446, ŋ2 = .006, Empathic Concern: F(3, 435) =

Fig 8. Equipment used for desktop condition. (1) TV screen (2) headphones (3) keyboard & (4) mouse. The
individual in this manuscript has given written informed consent (as outlined in PLOS consent form) to publish these
case details.

https://doi.org/10.1371/journal.pone.0204494.g008

Table 4. Overall means, standard deviations, and reliability of scales used in Study 2.

Measures Mean SD α

IRI: EC 3.92 0.59 0.76

IRI: PT 3.70 0.59 0.74

IRI: PD 2.64 0.72 0.81

Beliefs about Empathy: C 4.15 1.09 0.81

Beliefs about Empathy: IT 4.28 1.20 0.89

IOS 2.86 1.75 -

Dehumanization 89.95 16.09 -

Empathy 5.09 1.22 0.88

Personal Distress 4.15 1.43 0.85

Presence 2.88 0.82 0.80

SD = Standard deviation.

α = Cronbach’s alpha.

https://doi.org/10.1371/journal.pone.0204494.t004
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1.09, p = .353, ŋ2 = .007, and Personal Distress: F(3,435) = 1.275, p = .282, ŋ2 = .009). There was

also no significant difference across conditions when it came to beliefs about empathy (Con-

trollability: F (3, 435) = .339, p = .805, ŋ2 = .002, Implicit Theories: F (3,435) = .461, p = .709, ŋ2

= .003). The lack of significant differences across conditions for our population variables sug-

gests that all of the conditions were well balanced in terms of individual differences, and that

random assignment to the four conditions was successful.

Outcome variables

Manipulation check. Cohen’s Kappa was calculated in order to assess inter-coder reliabil-

ity and agreement between the two coders [68]. There was substantial agreement between the

two coders (κ = .93, p< .001, 95% CI [.87, .98]. Data from the two coders were averaged

together. A Chi-Squared test was used in order to test whether or not there was a significant

difference in the proportion of participants who reported feeling present and the participants

who did not between conditions. In the NPT condition 2% of participants received a score of

1, in the Desktop condition 9.2%, and in the VRPT condition 30% of participants received a

score of 1. Results showed that significantly more participants in the VRPT condition reported

feeling spatially present than participants in the Desktop condition (X2(1) = 13.37, p< .001; 95

CI [9.82, 31.30]) and the NPT condition (X2(1) = 28.72, p< .001; 95 CI [18.43, 37.67]). Partici-

pants in the Desktop condition also reported feeling more spatially present than participants

in the NPT condition (X2(1) = 4.78, p< .029; 95 CI [.55, 14.73]). These results confirm that

our experimental conditions are significantly different from each other in terms of presence

with the VRPT condition being the most immersive, followed by the Desktop condition, and

then the NPT condition. The Information condition responses were not coded because partici-

pants in this condition did not perform any kind of perspective-taking task.

Continuous variables. The means and standard deviations for the continuous variables

(i.e., IOS, Dehumanization, Empathy, Personal Distress, Presence, support for Proposition A,

and amount donated) are summarized in Table 5. A one-way, between-subjects analysis of var-

iance (ANOVA) was carried out to compare the effect of condition on all of the continuous

outcome variables. All significant effects of condition on the outcome variables were followed

up with three planned orthogonal contrasts that specifically tested our hypotheses. We pre-

dicted 1) that any type of perspective-taking would be more effective at eliciting empathy and

prosocial behaviors than receiving information (i.e., the three perspective-taking conditions

vs. Information), 2) that mediated perspective-taking would be more effective than NPT (i.e.,

Desktop and VRPT vs NPT), and 3) that the most immersive perspective-taking task would be

more effective than the less immersive perspective-taking task (i.e., VRPT vs Desktop). A Bon-

ferroni adjusted alpha (p = α/k)was utilized in order to account for multiple comparisons and

avoid Type I errors.

IOS. There was a significant effect of condition on self-other overlap with the homeless: F

(3, 435) = 7.197, p =< .001, ŋ2 = .05. There was a substantial difference in self-other overlap

between the Information and the three perspective-taking conditions (F (1, 435) = 18.97, p<

.001). Participants felt closer and more connected to the homeless after any type of perspec-

tive-taking than when they just received information about the homeless. This result replicates

extant research highlighting the effectiveness of perspective-taking tasks on self-other overlap

[73]. However, there was no significant difference between the NPT and the mediated perspec-

tive-taking conditions (F (1, 435) = 1.66, p = .197) or the mediated conditions themselves (F (1,

435) = .96, p = .328). These results replicate the findings from Study 1, highlighting that medi-

ated perspective-taking tasks, regardless of how immersive they are, do not result in partici-

pants feeling more connected to the homeless than traditional perspective-taking tasks.
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Taken together, these results showed that just receiving information about the current state

of the homeless population did not result in participants feeling closer or more connected to

the homeless population. However, perspective-taking tasks, regardless of delivery medium or

level of immersion, had a positive effect in that participants felt more connected to the home-

less after taking their perspective.

Dehumanization. The dehumanization scale measured how evolved participants felt the

average member of the homeless population was at the time of the study. There was a signifi-

cant effect of condition on dehumanization: F (3, 435) = 2.68, p = .046, ŋ2 = .02). However,

there was no significant difference in how evolved participants reported the homeless to be

between the Information and the three perspective-taking conditions (F (1, 435) = 2.10, p =

.147), only a marginally significant difference between the NPT and mediated perspective-tak-

ing conditions (F (1, 435) = 2.85, p = .092) indicating that mediated perspective-taking led to

higher (less dehumanizing) scores than NPT. There was also a marginally significant difference

between the Desktop vs VRPT conditions (F (1, 435) = 3.09, p = .079) where participants in

the less immersive perspective-taking task thought of the homeless as more evolved than the

participants in the VRPT condition.

Empathy. There was a significant effect of condition on self-reported empathy: F (3, 435) =

3.14, p = .025, ŋ2 = .02. Participants in the three perspective-taking conditions reported feeling

significantly more empathy toward the homeless than participants in the Information condi-

tion (F (1, 435) = 9.31, p = .002). However, there were no significant differences between the

two types of mediated perspective-taking tasks (F (1, 435) = 0.032, p = .858) or between them

and the NPT condition (F (1, 435) = 0.063, p = .802). Similar to the self-other overlap results,

there was no difference between the participants in the NPT condition and the two mediated

conditions (Desktop and VRPT).

Personal Distress. There was a significant effect of condition on how distressed participants

reported feeling after the intervention: F (3, 435) = 3.743, p = .011, ŋ2 = .03. There was a signifi-

cant difference in personal distress between the Information and the three perspective-taking

conditions (F (1, 435) = 8.93, p = .003) with participants in the Information condition report-

ing less distress than their counterparts. As with the previous analyses of the self-other overlap

and empathy scales, there was no significant difference in reported personal distress between

the mediated conditions (F (1, 435) = 0.28, p = .595) or between them and the NPT condition

(F (1, 435) = 2.01, p = .156).

These results show that participants in the three perspective-taking conditions reported

feeling more empathetic and connected to the homeless than participants who only received

Table 5. Means and standard deviations for all outcome variables by condition in Study 2.

Measures Information
M (SD)

NPT
M (SD)

Desktop
M (SD)

VRPT
M (SD)

IOS 2.45 (1.47) 2.89 (1.94) 3.27 (1.68) 3.04 (1.75)

Dehumanization 91.86 (15.17) 87.15 (20.46) 92.22 (12.74) 88.45 (14.82)

Empathy 4.79 (1.32) 5.31 (1.10) 5.21 (1.12) 5.16 (1.26)

Personal Distress 3.78 (1.47) 4.29 (1.41) 4.10 (1.34) 4.37 (1.45)

Presence - - 2.78 (.81) 2.98 (.82)

Support for Prop A 3.91 (.84) 3.75 (1.03) 3.89 (.97) 4.18 (.79)

Amount Donated 7.63 (3.69) 7.86 (3.61) 8.2 (3.28) 8 (3.42)

Petition Signing proportion 80 out 107 66 out of 104 75 out of 113 98 out of 115

M = Mean; SD = Standard Deviation.

https://doi.org/10.1371/journal.pone.0204494.t005
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information about the current state of homeless population. Participants in the three perspec-

tive-taking conditions also reported feeling more personally distressed after taking the per-

spective of a homeless person than participants in the Information condition.

Social Presence. Social presence, or the feeling of being inside a virtual environment with

others was only measured for the Desktop and VRPT conditions. There was only a marginally

significant difference (t(229) = 1.82, p = .070; 95 CI [-0.4, .01]), with the Desktop condition

(M = 2.78, SD = .81) being lower than the VRPT condition (M = 2.98, SD = .82).

Replication of Study 1. Study 1 compared NPT and VRPT immediately after the interven-

tion. However, Study 2 does not directly compare NPT and VRPT, but rather compares NPT

to both VRPT and Desktop conditions, making it unclear whether or not some of the findings

in Study 1 were replicated in Study 2. In order to be able to compare the IOS, dehumanization,

empathy, and personal distress findings from Study 2 with those of Study 1 the NPT and

VRPT conditions were compared to each other.

In Study 2, there were no significant differences in IOS scores between the NPT and VRPT

condition (t (211) = -1.59, p = .554; 95 CI [-0.64, 0.34]). There were also no significant differ-

ences immediately after the perspective-taking tasks in terms of dehumanization scores (t(191)

= -0.53, p = .594; 95 CI [-6.10, 3.50]). Both of these results replicate the findings from Study 1.

There were also no significant differences in empathy (t(215) = -0.24, p = .812; 95 CI [-6.10,

3.50]) or personal distress (t(191) = -0.53, p = .594; 95 CI [-6.10, 3.50]) between the NPT and

VRPT conditions; this pattern deviates from Study 1 where there were significant differences

between NPT and VRPT immediately after the intervention.

Correlations among Dependent Variables. All simple correlations are included in Table 6.

A Holm-Bonferroni correction was implemented to account for multiple comparisons. Results

show the adjusted p-values. The correlation analysis showed that IOS scores were significantly

and positively correlated with self-reported empathy (r = .15, p = .025), and social presence (r

= .20, p = .049). In other words, participants who reported feeling more connected to the

homeless also reported more empathy, and felt more copresent with virtual humans in the

mediated perspective-taking tasks (i.e., Desktop and VRPT). Self-reported empathy was signif-

icantly and positively correlated with personal distress (r = .39, p< .001) and social presence (r

= .23, p = .006).

Behavioral measures. Support for Proposition A. There was a significant effect of condi-

tion on support for Proposition A: F (3, 435) = 4.29, p = .005, ŋ2 = .03. There was no significant

difference between the Information condition and the three perspective-taking conditions (F

(1, 435) = 0.107, p = 0.744). However, participants in the mediated perspective-taking condi-

tions (i.e., Desktop and VRPT) supported Proposition A significantly more than participants

in the NPT condition (F (1, 435) = 7.99, p = .005). There was also a significant difference

between the VRPT and Desktop conditions (F (1, 435) = 4.77, p = .029) where participants in

the VRPT condition reported supporting Proposition A significantly more than participants

in the Desktop condition.

Signing Petition supporting Proposition A. There was a significant effect of condition on

the proportion of petitions signed (Fisher’s exact test: p =< .001). The first planned contrast

(Information vs all perspective-taking conditions) showed that there was no significant effect

of perspective-taking on petitions signed (z = 0.36, p = .722). However, the second planned

contrast between mediated and traditional perspective-taking tasks showed that a significantly

higher proportion of participants in the Desktop and VRPT conditions signed the petition in

comparison to the participants in the NPT condition (z = -2.53, p = .0113). Finally, signifi-

cantly more participants in the VRPT condition signed the petition than participants in the

Desktop condition (z = -3.25, p = .001).
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These results show that mediated perspective-taking, regardless of immersion level, is more

effective at encouraging political action in the form of signed petitions than NPT. However,

increased immersion leads to significantly more signed petitions (significantly more partici-

pants in VRPT condition signed the petition than participants in the Desktop condition).

Donation Question. When it comes to the amount of money donated to a homeless shelter,

there was no significant effect across conditions: F (3,435) = .528, p = .663, ŋ2 = .004. On aver-

age, participants in all conditions donated between $7 and $8 dollars to a homeless shelter,

with 70% of all participants (n = 310) donating the maximum amount possible ($10). Since

such a large percentage of participants chose the highest possible amount, this measure was at

ceiling, and did not let us accurately conclude whether or not a specific type of empathy inter-

vention was more effective at promoting prosocial behaviors in the form of donations than the

others.

Replication of Study 1. In order to be able to compare the behavioral measures from Study

2 with those of Study 1, the NPT and VRPT conditions were compared to each other. Results

showed that there was a significant difference in self-reported support for Proposition A (t

(217) = 3.53, p< .001; 95 CI [.19, .68]). However, there was no significant difference in support

for Proposition A in Study 1. When it comes to donations to a homeless shelter, there were no

significant differences in amount donated between the NPT and VRPT participants (t(217) =

0.57, p = .567; 95 CI [-0.66, 1.21]), replicating the results from Study 1. Also replicating the

results of Study 1, there was a significantly higher proportion of participants in the VRPT con-

dition that signed the petition supporting affordable housing than participants in the NPT

condition (t(218) = 3.61, p< .001; 95 CI [0.56, 1.87]).

Discussion

Overall, the self-report results show that the Information condition, which solely provided

facts about the homeless population, was less effective at making participants feel empathetic

and connected to the homeless than any of the perspective-taking conditions. Participants in

the Information condition also reported feeling significantly less distressed and rated the

homeless as less evolved than any of the perspective-taking participants. However, there was

no significant difference between the Information condition and the VRPT condition in the

proportion of people who signed the petition. These results show that information interven-

tions can help promote prosocial behaviors, however, it is unclear whether empathy, social

desirability, or increased awareness motivated these behaviors.

Table 6. Simple correlations among dependent variables for Study 2.

Dehumanization Empathy Personal Distress Social Presence Support Prop A Donation

IOS 0.13 0.15 a 0.07 0.20 a 0.08 0.01

Dehumanization 0.06 -0.03 -0.06 0.03 -0.04

State Empathy 0.39 c 0.23 c 0.03 0.04

Personal Distress 0.15 0.07 0.07

Social Presence -0.02 -0.08

Support Prop A 0.11

Donation

a positive at p < .05.
b positive at p < .01.
c positive at p < .001.

https://doi.org/10.1371/journal.pone.0204494.t006

Building long-term empathy

PLOSONE | https://doi.org/10.1371/journal.pone.0204494 October 17, 2018 27 / 37

https://doi.org/10.1371/journal.pone.0204494.t006
https://doi.org/10.1371/journal.pone.0204494


Showing the opposite pattern, participants in the NPT and Desktop condition reported feel-

ing as empathetic and connected to the homeless as the participants in the VRPT condition.

However, a smaller proportion of participants in the NPT and Desktop conditions signed the

petition in support of Proposition A than participants in the VRPT condition. The immersive

experience of becoming homeless in an IVE resulted in a significantly higher proportion of

participants exhibiting helpful behaviors toward the homeless in the form of signing a petition

when compared to traditional and less immersive perspective-taking tasks.

General discussion

Across two studies, we compared the effect of VR perspective-taking tasks against more tradi-

tional and less immersive perspective-taking tasks. We hypothesized that the more immersive

the perspective-taking task, the more empathy and prosocial behaviors participants would

exhibit toward the homeless.

Study 1 was a longitudinal investigation that compared the effects of a VR perspective-tak-

ing task against a more traditional, narrative-based perspective-taking task at the time of the

intervention and over the course of eight weeks. Results showed that there was no significant

difference in self-other overlap (i.e., the extent to which participants felt connected to the

homeless) at the time of the intervention or over the course of eight weeks. At the time of the

intervention, participants in the VRPT condition reported feeling more empathy toward the

homeless and more personal distress than participants in the NPT condition. However, over

the course of the eight weeks after the intervention, these differences dissipated and there was

no significant difference between conditions in self-reported empathy or personal distress.

Given we employed an imagine-self perspective taking task, the empathy and personal distress

results were expected, and replicate Batson, Early, and Salvarani’s [17] results. These findings

add to the literature by providing empirical evidence showing that imagine-self perspective-

taking tasks, regardless of delivery medium, result in a combination of other-oriented empathy

and self-oriented distress.

Unlike reported empathy and personal distress, there were no significant differences

between conditions in blatant dehumanization or attitudes toward the homeless immediately

after the intervention. Over time, however, participants in the VRPT condition had more posi-

tive attitudes and thought of the homeless as more evolved than participants in the NPT condi-

tion. Even though there was no significant difference of blatant dehumanization at the time of

the intervention, these results show that the positive effect of traditional perspective-taking on

perceptions of the homeless (i.e., lack of dehumanization and better attitudes) is prolonged

with the use of VR. These results are consistent with past research showing that attitudes

toward a specific social target increase significantly over time even as empathic feelings dissi-

pate [3,71].

Participants in the VRPT and NPT conditions reported similar rates of support for Proposi-

tion A immediately after their respective perspective-taking tasks. However, a significantly

higher proportion of participants in the VRPT condition signed the petition supporting Prop-

osition A. These results are consistent to those of Rosenberg, Baughman, and Bailenson [55],

who saw no significant difference in intention to help but saw significant differences in actual

helping behaviors.

Two weeks after the intervention, participants were asked to write a letter to their elected

officials about the issue of homeless. Participants in the VRPT condition used significantly

more first-person plural pronouns (e.g., we, our, us). Sample statements include “We must

find ways to address the reasons why people become and stay homeless: job loss, mental health

issues, high cost of living, lack of affordable housing” and “We must strive to be a community
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[that] reaches out to support all of us, and we must think about ways to support those of us

who currently do not have a place to stay.” Another VRPT participant wrote “Homelessness is

a pressing issue in our community, and we have clear moral and civic obligations to take action

to help people in need.” When writing to their elected officials about the issue of homelessness

and its possible solutions, participants in the VRPT condition included themselves as part of

the solution rather than telling the elected official what they or the government should do.

Four weeks after the intervention, participants were asked the extent to which they agreed

with Measure B, a measure that advocated for affordable housing just like Proposition A. Par-

ticipants in the VRPT condition reported more support for Measure B than NPT participants.

These results showed that over time, participants in the VRPT condition continued to support

political initiatives that could actually benefit the homeless population, whereas the level of

support for these kinds of initiatives decreased significantly over time for the participants in

the NPT condition.

Study 2 expanded on Study 1 by further exploring the mechanisms that caused differences

between the narrative-based perspective-taking and the VR perspective-taking task. We com-

pared the effect of three different types of perspective-taking tasks, each varying in levels of

immersion, against each other and against a fact-driven information intervention in order to

more accurately explore the effect of immersion and type of empathy intervention on elicited

empathy and prosocial behaviors toward the homeless. Study 2 also differed from Study 1 in

that we used a larger, more racially diverse sample with participants ranging from 15 to 88

years old. In line with our predictions, and replicating past studies [3], the results of Study 2

showed that participants in all three perspective-taking conditions reported feeling more

empathetic toward the homeless compared to participants in the Information condition who

did not perform a perspective-taking task at all.

When comparing the three different types of perspective-taking tasks, it was participants in

the VRPT condition who reported feeling more connected and empathetic toward the home-

less than the less immersive Desktop condition and the NPT condition. Replicating results of

Study 1, a significantly higher proportion of participants in the VRPT condition signed the

petition supporting efforts to increase affordable housing than participants in the Desktop or

NPT conditions.

On most outcome variables (i.e., self-other overlap, reported empathy, and personal dis-

tress) participants in the information condition reported feeling less connected and less empa-

thetic toward the homeless than participants in the three perspective-taking conditions. At

first glance, these results were expected since past research has shown that giving people infor-

mation does not always change their attitudes [29,74]. When it comes to petition signatures,

more participants in the VRPT condition signed the petition than participants in the Informa-

tion condition. However, this difference was not statistically significant. These results show

that fact-driven interventions can also be successful at promoting prosocial behaviors. Addi-

tionally, the discrepancy in self-reported empathy results and signed petitions for participants

in the Information condition suggests that empathy or self-other overlap were not the only

mechanisms that led to prosocial behaviors.

In terms of dehumanization, there was no significant difference between the Information

condition and the PT conditions. However, there was a significant difference between the

immersive conditions and the NPT condition. This result was expected since we hypothesized

that higher levels of immersion would lead to more empathy and more positive attitudes.

There was also a marginally significant difference between the Desktop and the VRPT condi-

tions, with Desktop participants evaluating the homeless as more evolved than the VRPT par-

ticipants immediately after the intervention. This result was unexpected, but could potentially

be explained by the fact that participants in the VRPT condition viscerally experienced
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harassment in one of the bus scenes from a fellow rider. This experience may have influenced

how participants thought of the homeless since they were personally accosted by someone

inside the VR experience. While participants in the Desktop condition went through the exact

same scene, they were not immersed in the environment, and their personal space was not vio-

lated. However, these results did not negatively affect prosocial behaviors. A significantly

higher proportion of participants in the VRPT condition signed the petition in support of

Proposition A than participants in the Desktop condition.

The dehumanization score results in Study 2 may be an example of how depicting a real sce-

nario, such as being accosted by someone inside an IVE, can have undesirable or unintended

effects when compared to depicting the same scenario through a less immersive medium (e.g.,

desktop computer or video). This concern becomes particularly salient as consumer adoption

of VR systems continues to increase and empathy-driven VR experiences become more avail-

able to the public. Past research has demonstrated that short VR experiences can have visceral

reactions that affect the way a person thinks, feels, and behaves [38, 53, 55]. There is also

cogent evidence that virtual humans, such as the man in the bus scene, exert social influence

over users [75]. In general, as VR scales up and more people have access to it, it is important

for designers and researchers to pilot test their experiences to ensure the experiences they cre-

ate are having the intended effect.

Study 2 replicated the IOS and dehumanization scale findings from Study 1. In both studies,

there was no significant difference in IOS and dehumanization scores between the NPT and

VRPT conditions. The results of both of these studies provide more evidence suggesting that

when VR perspective-taking tasks are employed, valuations of the social target do not increase

significantly at the time of the intervention, but tend to increase over time, and last up to two

months after the intervention. However, when comparing the empathy and personal distress

results, Study 2 did not replicate the findings from Study 1. Study 1 found that participants in

the VRPT condition reported more empathy and personal distress immediately after the inter-

vention, but Study 2 found no significant differences between these two conditions. One of the

likely reasons the empathy and personal distress findings from Study 1 were not replicated is

that the sample used in Study 2 was much larger and more demographically diverse than the

sample used in Study 1. The Study 2 sample was also mostly composed of volunteers that had

never used a VR headset before. It is possible that the novelty of the equipment acted as a dis-

traction and prevented participants from focusing on the experience itself, resulting in lower

empathy and personal distress scores.

In a longitudinal study, Bailenson and Yee [76] found that, over time, VR users change the

way they behave inside virtual environments and suggest that the novelty of VR technology

has an effect on virtual social interactions. They also propose that the way experienced VR

users go through a VR experience and use the technology is different from the way that first-

time users experience the technology [76]. As VR empathy-driven interventions begin to be

used at scale, it will be important to control for the level of experience of the users. However, at

this time, more research is needed in order to assess the full extent to which the benefits of

VRPT are moderated by the participant’s level of experience with VR technology.

Overall, these findings replicate past VR studies in which participants who embodied the

perspectives of other groups (e.g., colorblind individuals and the elderly) performed more

helping behaviors than participants who did not use VR [5, 40]. Results from the present inves-

tigation further confirm that VR, compared to other types of traditional or mediated perspec-

tive-taking, often leads to better attitudes and a higher proportion of users signing petitions in

support of helpful initiatives for outgroup members.
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Limitations and future directions

There are a number of limitations to these studies. First, the manipulation check assessing the

level of spatial presence felt by participants between the different conditions in Study 1 and

Study 2 was derived from participants’ written responses to an open-ended question instead of

a quantitative, self-reported measure of spatial presence. Additionally, this investigation only

included a quantitative measure of social presence. In future studies, participants will be

explicitly asked to rate the extent to which they felt spatially present, socially present, and self-

present to better understand how these different dimensions of presence impact empathic and

behavioral outcomes after VR perspective taking tasks.

Second, in Study 2, participants in all four conditions donated money to a homeless shelter

at similar rates (between $7 and $8 dollars). Even though participants in the VRPT condition

donated more money than the rest of the conditions, the donation question was at ceiling,

meaning more than 70% of all participants across the four conditions chose to donate the max-

imum amount possible. The donation question was flawed in that it did not give a wide

enough range of possible answers in order to address the possible differences between condi-

tions or between different types of prosocial behaviors (i.e., signatures for Proposition A). Par-

ticipants were also compensated with $10 dollars for their participation, therefore it is likely

that the full burden of donating money was not felt by some of the participants. Even though

on average most participants donated around the same amount of money, the standard devia-

tions were high for each condition. Such high variability in amount donated across conditions

prevented the researchers from being able to examine whether or not different types of per-

spective-taking tasks led to different levels of prosocial behaviors. Future studies should ask

participants how much money out of their own pocket they would like to donate or allow for a

wider range of possible answers (e.g., $0 to $100) in order to address these limitations.

It is important to note that the VR experience used immersed participants in an environ-

ment specifically designed to provide a visceral experience of what it would be like to be home-

less from the first person perspective. However, the VR experience lasted approximately 15

minutes and was not able to simulate some of the psychological and physiological burdens that

homeless people experience (e.g., desperation or hunger). These limitations prevent partici-

pants from actually experiencing what it would be like to become homeless. Another limitation

of the technology is that despite the high level of interactivity within the experience, it still did

not allow to participants to interact with the virtual world the way they naturally interact with

the real world.

Another limitation of these studies is that attitudes toward the homeless were not measured

before the intervention. Even though the participants were randomly selected into each condi-

tion, it is possible that participants already had set views regarding the homeless that the

researchers were not aware of. Future studies should measure pre-existing biases and attitudes

toward the homeless in order to more accurately assess the effect of the different types of

empathy interventions. Additionally, the design of the present investigation lacked a pure con-

trol condition. In Study 2, the Information condition led to an unexpected number of dona-

tions and proportion of signatures supporting affordable housing. A pure control condition,

without any kind of empathy intervention, would be necessary in order to address the mecha-

nism that led to these prosocial behaviors.

Results of Study 2 found that a similar proportion of participants in the VRPT and the

Information conditions signed the petition supporting affordable housing for vulnerable pop-

ulations. Given participants in any of the perspective-conditions reported feeling more con-

nected, more empathetic, and more personally distressed than participants in the Information

condition, it is unlikely that empathy led to these behavioral outcomes. It is possible that social
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desirability or increased awareness about the homeless led to these results. Future studies

should compare a pure control condition, an information condition, and a perspective-taking

task condition to try to understand the mechanism that makes information-driven interven-

tions successful at promoting prosocial behaviors.

Despite these limitations, the results of this investigation provide encouraging evidence

supporting the use of IVEs to promote empathy and prosocial behaviors toward extreme out-

group members. However, it is important to note the small effect sizes, and the fact that for

most of the self-report measures in Study 2 there were no significant differences between the

three perspective-taking conditions. This might be due to the fact that the content was as rigor-

ous in all of these conditions, and that the level of immersion did not have as much of an effect

eliciting more empathy. Future studies should try to replicate these results while targeting a

different social group in order to assess the generalizability of VR as a perspective-taking tool,

and test whether it is the content and context that allows perspective-taking to promote empa-

thy or rather the modality of the medium by which the intervention is administered. Future

studies should also consider using implicit measures of empathy in addition to explicit self-

report measures in order to further understand the patterns exhibited between self-report and

behavioral measures.

In the current version of the VR experience, participants are able to make choices about

what they want to sell, what search strategy they implement in the car, how they react and

respond to the men in the bus, and who and how they interact with the other homeless people

in the bus. Participants are constantly seeing how their decisions affect the narrative and this,

in turn, provides a highly individualized and interactive experience for the participant. Future

studies should compare this type of VR experience to one in which participants do not have

agency (i.e., a VR experience without interactivity) in order to assess the role that interactivity

plays in self-reported empathy, attitudes toward a specific social target, and prosocial behav-

iors. We speculate that highly interactive and responsive IVEs, where participants are able to

see how their own actions manifest in the IVE in real-time, may lead to higher levels of spatial

and social presence, more self-reported empathy, better attitudes, and more prosocial behav-

iors. However, whether or not this difference is significant requires more empirical evidence.

Moreover, future research should compare imagine-self and imagine-other VR perspective-

taking tasks. The present study employed imagine-self perspective-taking tasks and found

some effects on behavioral measures, however, the motivation that led to these behaviors is not

clear. Past research suggests that imagine-self tasks evoke both other-oriented empathy and

self-oriented distress, and that this combination of emotions can lead to a stronger motivation

to help when compared to imagine-other tasks [17]. Thus, it would be expected that more

helping behaviors would be performed with an imagine-self task than an imagine-other task.

A study comparing these two types of perspective-taking would be able to discern whether the

motivation to help was altruistic or egoistic, and compare the amount of prosocial behaviors

performed by participants.

Finally, future research should examine the effect of novelty on experimental outcomes.

Past research has demonstrated that users change the way they behave inside virtual environ-

ments once they have been exposed to the technology a number of times [76]. These results

suggest that the level of experience or familiarity with VR technology may have an effect on

the way users interact with each other and in the way that they experience VR in general. How-

ever, more research is needed in order to assess the impact of novelty on empathy-driven VR

experiences and interventions. Future studies should control for the number of times partici-

pants have used VR technology to see if novelty moderates elicited empathy and prosocial

behaviors after a VR perspective-taking task.
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Conclusion

The present investigation found that over the course of eight weeks, participants who com-

pleted a VR perspective-taking task had more positive attitudes and signed a petition support-

ing helpful initiatives toward the homeless at significantly higher rates than the participants

who just imagined what it would be like to become homeless or performed a less immersive

perspective-taking task. The investigation also found that narrative-based and mediated per-

spective-taking interventions, regardless of immersion level, are more effective at increasing

self-reported empathy than interventions without any perspective-taking tasks. The results of

this investigation provide evidence suggesting that VR perspective-taking tasks may be more

effective at improving attitudes toward specific social targets and motivating prosocial behav-

iors in the form of signed petitions in support of helpful initiatives than traditional and less

immersive perspective-taking tasks.

Supporting information

S1 Appendix. Materials. Contains all of the referenced texts.

(DOCX)

S2 Appendix. Questionnaires. Contains all of the questionnaires used in Study 1 and Study 2.

(DOCX)

S1 File. Additional analyses. Contains additional analysis examining social presence as a

moderator.

(DOCX)

S1 Dataset. Complete dataset for Study 1. Contains all of the raw data and open-ended

responses used for analysis in Study 1.

(XLSX)

S2 Dataset. Complete dataset for Study 2. Contains all of the raw data and open-ended

responses used for analysis in Study 2.

(XLSX)

Acknowledgments

This research was supported by a grant from the Robert Wood Johnson Foundation.

Author Contributions

Conceptualization: Fernanda Herrera, Jeremy Bailenson, Erika Weisz, Elise Ogle, Jamil Zaki.

Data curation: Fernanda Herrera.

Formal analysis: Fernanda Herrera.

Funding acquisition: Jeremy Bailenson.

Investigation: Fernanda Herrera, Elise Ogle.

Methodology: Fernanda Herrera, Jeremy Bailenson, Erika Weisz, Jamil Zaki.

Project administration: Fernanda Herrera, Elise Ogle.

Resources: Jeremy Bailenson.

Supervision: Jeremy Bailenson.

Building long-term empathy

PLOSONE | https://doi.org/10.1371/journal.pone.0204494 October 17, 2018 33 / 37

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0204494.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0204494.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0204494.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0204494.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0204494.s005
https://doi.org/10.1371/journal.pone.0204494


Writing – original draft: Fernanda Herrera.

Writing – review & editing: Fernanda Herrera, Jeremy Bailenson, Erika Weisz, Elise Ogle,

Jamil Zaki.

References
1. HoffmanML. Empathy and moral development: Implications for caring and justice. Cambridge Univer-

sity Press; 2001 Nov 12.

2. Batson CD, Dyck JL, Brandt JR, Batson JG, Powell AL, McMaster MR, et al. Five studies testing two
new egoistic alternatives to the empathy-altruism hypothesis. Journal of personality and social psychol-
ogy. 1988 Jul; 55(1):52. PMID: 3418490

3. Batson CD, Polycarpou MP, Harmon-Jones E, Imhoff HJ, Mitchener EC, Bednar LL, et al. Empathy and
attitudes: Can feeling for a member of a stigmatized group improve feelings toward the group?. Journal
of personality and social psychology. 1997 Jan; 72(1):105. PMID: 9008376

4. Batson CD, Ahmad NY. Using empathy to improve intergroup attitudes and relations. Social Issues and
Policy Review. 2009 Dec 1; 3(1):141–77.

5. Ahn SJ, Le AM, Bailenson J. The effect of embodied experiences on self-other merging, attitude, and
helping behavior. Media Psychology. 2013 Jan 1; 16(1):7–38.

6. Milk C. How virtual reality can create the ultimate empathymachine [Internet]. TED: Ideas worth spread-
ing. 2015 [cited 2018Feb6]. https://www.ted.com/talks/chris_milk_how_virtual_reality_can_create_the_
ultimate_empathy_machine

7. De la Peña N, Weil P, Llobera J, Giannopoulos E, Pomés A, Spanlang B, et al. Immersive journalism:
immersive virtual reality for the first-person experience of news. Presence: Teleoperators and virtual
environments. 2010 Aug 1; 19(4):291–301.

8. Durbin J. Vive To Spend $10Million on VR Projects That ‘Create Positive Impact’ [Internet]. UploadVR.
UploadVR; 2017 [cited 2017 Sep 6]. https://uploadvr.com/vive-vr-for-impact-10-million/

9. HTC.VR for Impact. [cited 2017 Jun 28]. https://vrforimpact.com/

10. Cialdini RB, Brown SL, Lewis BP, Luce C, Neuberg SL. Reinterpreting the empathy—altruism relation-
ship: When one into one equals oneness. Journal of personality and social psychology. 1997 Sep; 73
(3):481. PMID: 9294898

11. Batson CD, Duncan BD, Ackerman P, Buckley T, Birch K. Is empathic emotion a source of altruistic
motivation?. Journal of personality and Social Psychology. 1981 Feb; 40(2):290.

12. Cialdini RB. Altruism or egoism? That is (still) the question. Psychological Inquiry. 1991 Apr 1; 2
(2):124–6.

13. Pierce JR, Kilduff GJ, Galinsky AD, Sivanathan N. From glue to gasoline: How competition turns per-
spective takers unethical. Psychological science. 2013 Oct; 24(10):1986–94. https://doi.org/10.1177/
0956797613482144 PMID: 23955353

14. Todd AR, Galinsky AD. Perspective-taking as a strategy for improving intergroup relations: Evidence,
mechanisms, and qualifications. Social and Personality Psychology Compass. 2014 Jul 1; 8(7):374–87.

15. Galinsky AD, Ku G,Wang CS. Perspective-taking and self-other overlap: Fostering social bonds and
facilitating social coordination. Group Processes & Intergroup Relations. 2005 Apr; 8(2):109–24.

16. Krauss RM, Fussell SR. Perspective-taking in communication: Representations of others’ knowledge in
reference. Social cognition. 1991Mar; 9(1):2–4.

17. Batson CD, Early S, Salvarani G. Perspective taking: Imagining how another feels versus imaging how
you would feel. Personality and social psychology bulletin. 1997 Jul; 23(7):751–8.

18. Batson CD, Lishner DA, Carpenter A, Dulin L, Harjusola-Webb S, Stocks EL, et al. “. . . As YouWould
Have ThemDo Unto You”: Does Imagining Yourself in the Other’s Place Stimulate Moral Action?. Per-
sonality and Social Psychology Bulletin. 2003 Sep; 29(9):1190–201. https://doi.org/10.1177/
0146167203254600 PMID: 15189613

19. LammC, Batson CD, Decety J. The neural substrate of human empathy: effects of perspective-taking
and cognitive appraisal. Journal of cognitive neuroscience. 2007 Jan; 19(1):42–58. https://doi.org/10.
1162/jocn.2007.19.1.42 PMID: 17214562

20. Tarrant M, Calitri R, Weston D. Social identification structures the effects of perspective taking. Psycho-
logical science. 2012 Sep; 23(9):973–8. https://doi.org/10.1177/0956797612441221 PMID: 22851441

21. Skorinko JL, Sinclair SA. Perspective taking can increase stereotyping: The role of apparent stereotype
confirmation. Journal of Experimental Social Psychology. 2013 Jan 1; 49(1):10–8.

22. Hodges S, Wegner DM, IckesWJ. Automatic and controlled empathy. Empathic accuracy. 1997.

Building long-term empathy

PLOSONE | https://doi.org/10.1371/journal.pone.0204494 October 17, 2018 34 / 37

http://www.ncbi.nlm.nih.gov/pubmed/3418490
http://www.ncbi.nlm.nih.gov/pubmed/9008376
https://www.ted.com/talks/chris_milk_how_virtual_reality_can_create_the_ultimate_empathy_machine
https://www.ted.com/talks/chris_milk_how_virtual_reality_can_create_the_ultimate_empathy_machine
https://uploadvr.com/vive-vr-for-impact-10-million/
https://vrforimpact.com/
http://www.ncbi.nlm.nih.gov/pubmed/9294898
https://doi.org/10.1177/0956797613482144
https://doi.org/10.1177/0956797613482144
http://www.ncbi.nlm.nih.gov/pubmed/23955353
https://doi.org/10.1177/0146167203254600
https://doi.org/10.1177/0146167203254600
http://www.ncbi.nlm.nih.gov/pubmed/15189613
https://doi.org/10.1162/jocn.2007.19.1.42
https://doi.org/10.1162/jocn.2007.19.1.42
http://www.ncbi.nlm.nih.gov/pubmed/17214562
https://doi.org/10.1177/0956797612441221
http://www.ncbi.nlm.nih.gov/pubmed/22851441
https://doi.org/10.1371/journal.pone.0204494


23. Gehlbach H, Marietta G, King AM, Karutz C, Bailenson JN, Dede C. Many ways to walk a mile in
another’s moccasins: Type of social perspective taking and its effect on negotiation outcomes. Comput-
ers in Human Behavior. 2015 Nov 30; 52:523–32.

24. Slater M, Wilbur S. A framework for immersive virtual environments (FIVE): Speculations on the role of
presence in virtual environments. Presence: Teleoperators & Virtual Environments. 1997 Dec; 6
(6):603–16.

25. Steuer J. Defining virtual reality: Dimensions determining telepresence. Journal of communication.
1992 Dec 1; 42(4):73–93.

26. Eckel C, Grossman PJ, Milano A. Is more information always better? An experimental study of charita-
ble giving and Hurricane Katrina. Southern Economic Journal. 2007 Oct 1:388–411.

27. Brophy J. The development of knowledge and empathy. Social Education. 1999 Jan; 63(1):39–45.

28. Oliver MB, Dillard JP, Bae K, Tamul DJ. The effect of narrative news format on empathy for stigmatized
groups. Journalism &Mass Communication Quarterly. 2012 Jun; 89(2):205–24.

29. Teachman BA, Gapinski KD, Brownell KD, Rawlins M, JeyaramS. Demonstrations of implicit anti-fat
bias: the impact of providing causal information and evoking empathy. Health Psychology. 2003 Jan; 22
(1):68. PMID: 12558204

30. Greitemeyer T, Osswald S. Effects of prosocial video games on prosocial behavior. Journal of personal-
ity and social psychology. 2010 Feb; 98(2):211. https://doi.org/10.1037/a0016997 PMID: 20085396

31. Gentile DA, Anderson CA, Yukawa S, Ihori N, SaleemM, Ming LK, et al. The effects of prosocial video
games on prosocial behaviors: International evidence from correlational, longitudinal, and experimental
studies. Personality and Social Psychology Bulletin. 2009 Jun; 35(6):752–63. https://doi.org/10.1177/
0146167209333045 PMID: 19321812

32. Hailpern J, Danilevsky M, Harris A, Karahalios K, Dell G, Hengst J. ACES: promoting empathy towards
aphasia through language distortion emulation software. InProceedings of the SIGCHI Conference on
Human Factors in Computing Systems 2011 May 7 (pp. 609–618). ACM.

33. Brown SA. Implementing a brief hallucination simulation as a mental illness stigma reduction strategy.
Community mental health journal. 2010 Oct 1; 46(5):500–4. https://doi.org/10.1007/s10597-009-9229-0
PMID: 19669675

34. Silverman AM, Gwinn JD, Van Boven L. Stumbling in their shoes: Disability simulations reduce judged
capabilities of disabled people. Social Psychological and Personality Science. 2015 May; 6(4):464–71.

35. Hand S, Varan D. Interactive narratives: Exploring the links between empathy, interactivity and struc-
ture. InEuropean Conference on Interactive Television 2008 Jul 3 (pp. 11–19). Springer, Berlin,
Heidelberg.

36. Vorderer P, Knobloch S, SchrammH. Does entertainment suffer from interactivity? The impact of
watching an interactive TVmovie on viewers’ experience of entertainment. Media Psychology. 2001
Nov 1; 3(4):343–63.

37. Behm-Morawitz E, Pennell H, Speno AG. The effects of virtual racial embodiment in a gaming app on
reducing prejudice. Communication Monographs. 2016 Jul 2; 83(3):396–418.

38. Ahn SJ, Bostick J, Ogle E, Nowak KL, McGillicuddy KT, Bailenson JN. Experiencing nature: Embodying
animals in immersive virtual environments increases inclusion of nature in self and involvement with
nature. Journal of Computer-Mediated Communication. 2016 Sep 14; 21(6):399–419.

39. Zaki J. Empathy: a motivated account. Psychological bulletin. 2014 Nov; 140(6):1608. https://doi.org/
10.1037/a0037679 PMID: 25347133

40. Oh SY, Bailenson J, Weisz E, Zaki J. Virtually old: Embodied perspective taking and the reduction of
ageism under threat. Computers in Human Behavior. 2016 Jul 1; 60:398–410.

41. Macrae CN, Bodenhausen GV. Social cognition: Thinking categorically about others. Annual review of
psychology. 2000 Feb; 51(1):93–120.

42. Blascovich J, Loomis J, Beall AC, Swinth KR, Hoyt CL, Bailenson JN. Immersive virtual environment
technology as a methodological tool for social psychology. Psychological Inquiry. 2002 Apr 1; 13
(2):103–24.

43. Barsalou LW. Grounded cognition: Past, present, and future. Topics in cognitive science. 2010 Oct 1; 2
(4):716–24. https://doi.org/10.1111/j.1756-8765.2010.01115.x PMID: 25164052

44. Wilson M. Six views of embodied cognition. Psychonomic bulletin & review. 2002 Dec 1; 9(4):625–36.

45. OppezzoM, Schwartz DL. Give your ideas some legs: The positive effect of walking on creative think-
ing. Journal of experimental psychology: learning, memory, and cognition. 2014 Jul; 40(4):1142. https://
doi.org/10.1037/a0036577 PMID: 24749966

46. Williams LE, Bargh JA. Experiencing physical warmth promotes interpersonal warmth. Science. 2008
Oct 24; 322(5901):606–7. https://doi.org/10.1126/science.1162548 PMID: 18948544

Building long-term empathy

PLOSONE | https://doi.org/10.1371/journal.pone.0204494 October 17, 2018 35 / 37

http://www.ncbi.nlm.nih.gov/pubmed/12558204
https://doi.org/10.1037/a0016997
http://www.ncbi.nlm.nih.gov/pubmed/20085396
https://doi.org/10.1177/0146167209333045
https://doi.org/10.1177/0146167209333045
http://www.ncbi.nlm.nih.gov/pubmed/19321812
https://doi.org/10.1007/s10597-009-9229-0
http://www.ncbi.nlm.nih.gov/pubmed/19669675
https://doi.org/10.1037/a0037679
https://doi.org/10.1037/a0037679
http://www.ncbi.nlm.nih.gov/pubmed/25347133
https://doi.org/10.1111/j.1756-8765.2010.01115.x
http://www.ncbi.nlm.nih.gov/pubmed/25164052
https://doi.org/10.1037/a0036577
https://doi.org/10.1037/a0036577
http://www.ncbi.nlm.nih.gov/pubmed/24749966
https://doi.org/10.1126/science.1162548
http://www.ncbi.nlm.nih.gov/pubmed/18948544
https://doi.org/10.1371/journal.pone.0204494


47. Blanke O. Multisensory brain mechanisms of bodily self-consciousness. Nature Reviews Neuroscience.
2012 Aug; 13(8):556. https://doi.org/10.1038/nrn3292 PMID: 22805909

48. Brisswalter J, Collardeau M, René A. Effects of acute physical exercise characteristics on cognitive per-
formance. Sports medicine. 2002 Aug 1; 32(9):555–66. PMID: 12096929

49. Kalyanaraman SS, Penn DL, Ivory JD, Judge A. The virtual doppelganger: effects of a virtual reality sim-
ulator on perceptions of schizophrenia. The Journal of nervous and mental disease. 2010 Jun; 198
(6):437–43. https://doi.org/10.1097/NMD.0b013e3181e07d66 PMID: 20531123

50. Yee N, Bailenson JN. Walk a mile in digital shoes: The impact of embodied perspective-taking on the
reduction of negative stereotyping in immersive virtual environments. Proceedings of PRESENCE.
2006 Aug; 24:26.

51. Peck TC, Seinfeld S, Aglioti SM, Slater M. Putting yourself in the skin of a black avatar reduces implicit
racial bias. Consciousness and cognition. 2013 Sep 1; 22(3):779–87. https://doi.org/10.1016/j.concog.
2013.04.016 PMID: 23727712

52. Banakou D, Hanumanthu PD, Slater M. Virtual embodiment of white people in a black virtual body leads
to a sustained reduction in their implicit racial bias. Frontiers in human neuroscience. 2016 Nov 29;
10:601. https://doi.org/10.3389/fnhum.2016.00601 PMID: 27965555

53. Ahn SJ, Bailenson JN, Park D. Short-and long-term effects of embodied experiences in immersive vir-
tual environments on environmental locus of control and behavior. Computers in Human Behavior.
2014 Oct 1; 39:235–45.

54. Oh SY, Shriram K, Laha B, Baughman S, Ogle E, Bailenson J. Immersion at scale: Researcher’s guide
to ecologically valid mobile experiments. InVirtual Reality (VR), 2016 IEEE 2016 Mar 19 (pp. 249–250).
IEEE.

55. Rosenberg RS, Baughman SL, Bailenson JN. Virtual superheroes: Using superpowers in virtual reality
to encourage prosocial behavior. PloS one. 2013 Jan 30; 8(1):e55003. https://doi.org/10.1371/journal.
pone.0055003 PMID: 23383029

56. Bailenson JN, Aharoni E, Beall AC, Guadagno RE, Dimov A, Blascovich J. Comparing behavioral and
self-report measures of embodied agents’ social presence in immersive virtual environments. In Pro-
ceedings of the 7th Annual International Workshop on PRESENCE 2004 Oct (pp. 1864–1105).

57. Fiske ST, Cuddy AJ, Glick P, Xu J. A model of (often mixed) stereotype content: competence and
warmth respectively follow from perceived status and competition. Journal of personality and social psy-
chology. 2002 Jun; 82(6):878. PMID: 12051578

58. Harris LT, Fiske ST. Dehumanizing the lowest of the low: Neuroimaging responses to extreme out-
groups. Psychological science. 2006 Oct; 17(10):847–53. https://doi.org/10.1111/j.1467-9280.2006.
01793.x PMID: 17100784

59. Hotel 22. (2014). Directed by E. Lo. USA.

60. Davis MH. Measuring individual differences in empathy: Evidence for a multidimensional approach.
Journal of personality and social psychology. 1983 Jan; 44(1):113.

61. Schumann K, Zaki J, Dweck CS. Addressing the empathy deficit: Beliefs about the malleability of empa-
thy predict effortful responses when empathy is challenging. Journal of Personality and Social Psychol-
ogy. 2014 Sep; 107(3):475. https://doi.org/10.1037/a0036738 PMID: 25133727

62. Nowak KL, Biocca F. The effect of the agency and anthropomorphism on users’ sense of telepresence,
copresence, and social presence in virtual environments. Presence: Teleoperators & Virtual Environ-
ments. 2003 Oct; 12(5):481–94.

63. Bailenson JN, Yee N. Virtual interpersonal touch: Haptic interaction and copresence in collaborative vir-
tual environments. Multimedia Tools and Applications. 2008 Mar 1; 37(1):5–14.

64. Aron A, Aron EN, Smollan D. Inclusion of other in the self scale and the structure of interpersonal close-
ness. Journal of personality and social psychology. 1992 Oct; 63(4):596.

65. Kteily N, Bruneau E,Waytz A, Cotterill S. The ascent of man: Theoretical and empirical evidence for bla-
tant dehumanization. Journal of personality and social psychology. 2015 Nov; 109(5):901. https://doi.
org/10.1037/pspp0000048 PMID: 26121523

66. Pennebaker JW. The secret life of pronouns. New Scientist. 2011 Sep 3; 211(2828):42–5.
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