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Table S1. Characteristics of included manuscripts (n = 20).
	Authors & Year
	VR device
	Made in 
	Assuming the role of
	Avatar embodiment
	Narrational contents and techniques
	Research purpose and design
	Empathy-related outcomes 

	Oyekoya et al. (2016) [49]
	Oculus Rift
	Unity
	A bystander 
	No
	An incident of bullying between a group of teenage girls and a victim, including verbal and physical assault, takes place at the hallway of a school while many bystanders are passing by.
	The study and comparison of bystander intervention between two different media that presented the same scenario.  The two media were a VR simulation and a video shown from an LCD monitor.
	Results suggest that the VR simulation was no more effective at encouraging bystander intervention than a video clip.

	Chittaro & Silani (2018) [47]
	N/A
	NeoAxis
	An evacuee of a burning building
	No
	An emergency alarm echoes inside a populated building because of spreading wildfire. A sense of urgency is evoked as a health bar and visibility steadily decrease because of smoke. Sensory effects of high-stress situations, such as tunnel vision, are also simulated. A person is trapped in the building and cries for help.
	The study of neurological differences between altruists and non-altruists. The altruistic behavior of participants has been evaluated through their propensity to rescue a person in mortal danger through a VR application, which was administered under the guise of teaching fire evacuation techniques.
	Altruists were found to have a higher empathic concern and a more expanded insular lobe than the rest of the participants.

	Hadjipanayi & Michael-Grigoriou (2020) [42]
	Oculus Rift CV
	Unity
	An office worker with Asperger’s syndrome
	Yes
	An office worker shows his perspective on various aspects of his life while exploring his surroundings. Eye contact with specific objects in the virtual environment triggers relevant vignettes.
	The study of the constructivist method of learning in the case of Asperger’s syndrome. The characteristics of Asperger’s syndrome were presented to the experimental group in an experiential form, namely a simulation of being a man with Asperger’s syndrome, and to the control group in the form of a transcribed article 
	Overall, female participants were found to empathize more with the man than male participants.

There was no significant difference in empathy between experimental and control groups.

	Calvert et al. (2019) [58]
	HTC Vive
	N/A
	N/A
	N/A
	Australian and Japanese soldiers face hardships during a war campaign at the mountains of Papua New Guinea during World War 2.
	The study of high school student engagement in history lesson and the comparison of a 3D VR and 360° video interventions.
	Empathy scores were higher for immersive VR compared to the 360° video intervention.

There was a high correlation between engagement with the application and empathy scores. However, the causality of this correlation remained unclear.

	Calvert & Abadia (2020) [40]
	HTC Vive
	Unity
	N/A
	N/A
	Australian and Japanese soldiers face hardships during a war campaign at the mountains of Papua New Guinea during World War 2.
	The study of the cognitive and affective impact of a VR linear narrative on students. Indian university and Australian high school students were exposed to either a 3D VR application or a 360° video intervention of the same topic, based on the high school history curriculum of Australia. 
	University students were found to engage with the application more empathically than high school students.

Empathy scores were higher for immersive VR compared to the 360° video intervention.

	Roswell et al. (2020) [53]
	HTC Vive
	N/A
	Michael Sterling, a black male
	Yes
	A black male experiences racism by peers and seniors throughout his life. The story focuses at three different incidents of racism. The first one took place at school during his childhood. The second one involves an interaction with the police during his adolescence. The third one shows the pervasiveness of racism in his career and love life during his adulthood.
	The efficacy evaluation of the application for raising awareness regarding racism and social inequality.
	The majority of participants agreed that VR is an adequate tool for raising awareness regarding racism and that the application raised their empathy towards social minorities. 

	Mado et al. (2021) [48]
	HTC Vive
	N/A
	a) The “environment”

b) A homeless person
	No
	a) Ocean acidification from human activity threatens the ecosystem. 

b) After a person loses all their private property, they get on a bus with other homeless people where they face dangers but also have the chance to hear stories of how the passengers became homeless. These stories are based on real-life incidents.
	The study of empathy transfer between unrelated contexts. Two thirds of the participants were exposed to VR interventions while the rest of the participants were in the control group. Afterwards, all participants were asked to sign petitions relevant to the topics of the VR experiences.
	The environmentalist scenario was found to be effective in inducing empathy for the homeless, but the homelessness scenario was not found to be as effective at inducing empathy for environmental issues.

Petitions about combating homelessness were signed at a much higher rate from participants who experienced the homelessness scenario than participants of the control group. 

	Tong et al. (2020) [55]
	HTC Vive
	Unity
	A grandmother with chronic pain
	Yes
	A grandmother monologues about her chronic pain issues as she tries to prepare a cake. Chronic pain is simulated through techniques such as red flashes, difficulty in grasping objects and limitations of the embodied avatar’s range of movement.
	The study of empathy in participants towards sufferers of chronic pain after raising awareness for chronic pain through the VR application.
	Aspects related to the participants’ empathy, namely kindness and the willingness to help, significantly increased after the VR intervention. 

	Hu & Lai (2022) [57]
	Oculus Go
	N/A
	A 4-year-old boy
	Yes
	A boy visits a dentist for the first time. Two similar scenarios play out. In the first scenario, the dentist treats the boy no differently than an adult patient. In the second scenario, the dentist takes some extra steps to help the boy relax during the session. 
	The study of VR simulation efficacy for raising the empathy and confidence of dental students, when interacting with children in a professional setting.
	Students felt significantly more empathetic towards children because of the VR scenarios, even though their empathy levels returned to baseline after 3 months.

	Hamilton-Giachritsis et al. (2018) [52]
	nVisor SX III
	N/A
	A 4-year-old girl
	Yes
	In the negative scenario, a mother expresses negativity towards her 4-year-old daughter.
In the positive scenario, the same mother is affectionate towards her daughter.
	The efficacy of a VR application for inducing empathy in mothers towards their children. The within-subjects design of the study allowed mothers to virtually embody a child and experience being under the care of a disgruntled mother first and an affectionate mother last. A virtual mirror is placed inside the virtual environment to enhance the sense of embodiment.
	It is found that VR can be an efficient tool for evoking empathy in the context of motherhood and the contribution of the negative scenario is crucial to this outcome.

	Herrera et al., (2018) [41]
	Oculus Rift DK2
	N/A
	A homeless person
	No
	After a person loses all their private property, they get on a bus with other homeless people where they face dangers but also have the chance to hear stories of how the passengers became homeless. These stories are based on real-life incidents.
	The study of empathy towards the homeless in four different conditions. In this between-subjects study, the conditions were a) Providing transcript information to participants about the homeless b) Encouraging participants to imagine how it is like to be homeless. c) Mediating the experience of being homeless to the participants through a desktop application. d) Mediating the experience of being homeless to the participants through a VR application.
	There was a significant difference in the reported feeling of empathy of participants between the information only condition and the VR condition, with the VR condition achieving higher levels of empathy. However, this difference became no longer significant two weeks after the experiment.

	Christofi et al. (2020) [54]
	Oculus Rift CV
	Unity
	Mark, a 28-year-old male
	Yes
	Mark is facing difficulties in coping with grief from his mother’s death and his stressful work environment. In an attempt to find relief, Mark joins the party invitation of a work colleague. At the party, Mark meets a person who convinces him to make use of cocaine. After Mark becomes addicted to cocaine, financial, career, and family-related problems worsen. Physiological changes on Mark are made visible through the course of the narrative.
	The study of the difference in empathy towards drug-addicts when viewing a relevant scenario through a desktop application compared to the same scenario in a VR application that includes full-body embodiment.
	No significant differences were found in empathy towards drug addicts between the desktop and VR conditions.

	Seinfeld et al. (2018) [51]
	Oculus DK2
	N/A
	A female victim of domestic abuse
	Yes
	A woman encounters domestic abuse, as her husband invades her personal space, and he becomes verbally and physically hostile.
	The study of the impact of perspective-taking during domestic violence and the empathy that it potentially instills on domestic offenders. The experimental group consisted of males with a record of domestic abuse and the control group consisted of male non-offenders.
	After exposure to the VR intervention, domestic offenders improved their ability to recognize emotive expressions of females, as they were found to be less successful in doing so before the intervention, compared to the males of the control group. 

	Papadopoulos et al. (2021) [56]
	Oculus Quest VR
	N/A
	A guest of Viv
	No
	Viv, a woman suffering from dementia, is visited by guests around her kitchen table. Viv talks about her daily life and her struggle with dementia. Viv’s lines are based on verbatim interviews with four women suffering from dementia.
	The study of empathy towards people with dementia through a VR application. Empathy measures from before and after exposure to the intervention are compared.
	The state empathy of participants is found to increase after exposure to the VR intervention.

	Chen et al. (2021a) [44]
	HTC Vive
	N/A
	A Chinese immigrant or a Singaporean citizen in Singapore.
	Yes
	A food vendor in Singapore prepares to go to work. Then, the food vendor prepares the food for the customers to buy. A conflict between the food vendor and a customer takes place because of poor communication. Finally, it is revealed that the food vendor is facing financial difficulties.
	The study of how the embodiment of both outgroup and ingroup VR avatars influences attitudes and perceived closeness towards an immigrant outgroup as well as the role of empathy in this relationship. In the VR scenario, some participants embody an immigrant Chinese person and the some embody a Singaporean citizen in Singapore. Also, a group of participants experience both scenarios, some embodying the immigrant first and others embodying the immigrant second.
	In all 3 conditions where embodiment with the immigrant was involved, empathy seemed to improve attitudes and mediate closeness towards immigrants. Embodiment contributes to this result and its contribution is found to be positively correlated with the participants’ awareness level of social identity.

	Blythe et al. (2021) [59]
	HTC Vive Pro
	N/A
	N/A
	No
	Two scenarios predict the state of the world in the year 2050. The optimistic scenario presents a utopia of social equality and environmental sustainability. The pessimistic scenario presents a dystopia of regional conflicts and environmental degradation.
	The study of the impact VR scenarios can have on empathy towards humanity and the environment. In this between-subjects study, participants of the experimental group were randomly assigned to watch the optimistic or pessimistic VR scenario. Participants of the control group were randomly assigned to read a transcript version of the optimistic or the pessimistic scenario. 
	Empathy increased significantly according to the post-test measures, especially for participants who viewed the pessimistic VR scenario. However, the empathy of participants drastically decreased later, according to the 3-monh follow-up test.  

	Kors et al., (2020) [46]
	HTC Vive
	Unreal Engine 4
	A reporter tasked to interview evacuees of nuclear disaster
	Partial
	A reporter is inside a house and picks up objects that trigger vignettes, which are relevant to interviews of evacuees of the 2011 Fukushima Daiichi nuclear disaster. The reporter uses these objects to draft a report.
	The capture of user experiences through an application that seeks to foster empathy towards evacuees of nuclear disaster. The qualitative data gathered from participants who played the game, were coded and thematically analyzed.
	Participants experienced other-oriented empathic states more than twice compared to self-oriented empathic states. 

	Hadjipanayi & Michael-Grigoriou (2022) [43]
	Oculus Rift
	Unity
	A woman suffering from major depressive disorder
	Yes
	A woman struggles with depression while isolated in her room. Various objects in her room trigger vignettes that are relevant to her personal life and psychological state. The room itself reflects the woman’s psychological state. In the second version of the same scenario, the woman is treated from depression at the end.
	The study of the emotional impact of a simulation about major depressive disorder can have on knowledge retention. This is a between-group experiment, where all participants experience the same scenario, but participants of the experimental group in addition experience a positive ending.
	For the participants of the experimental group, there was a significant post-test correlation between empathy and affective arousal.

	Stavroulia et al. (2018) [50]
	HTC Vive
	Unity
	A foreigner girl, named Lynn, or Lynn’s teacher
	Partial
	The teacher introduces Lynn, a new transfer student, to the class. Some of Lynn’s new classmates verbally harass Lynn. 
	The study of VR efficacy in teaching empathy skills to trainee teachers. The VR environments used for different groups of participants were a common classroom and an imaginary classroom, the latter being more spacious and contemporary than common classrooms. A control group of students in a physical classroom was also used.
	Experiencing the perspective of Lynn was of high importance in terms of raising empathy.

	Chen et al. (2021b) [45]
	HTC Vive
	Unity
	A male office worker from an ethnic minority or a colleague of the said office worker.


	Yes
	A Malay office worker is performing work-related tasks in his work environment. One of his colleagues openly doubts the worker’s ability of performing a difficult work-related task because of the worker’s ethnicity. Another colleague mocks the worker for the dietary customs of his ethnic group.
	The study of the affective and cognitive mechanisms of perspective-taking. A set of affective and cognitive measures of participants have been examined before and after exposure to the intervention. A virtual mirror is placed inside the virtual environment to enhance the sense of embodiment.

In part 2 of the study, the participants are given the option to react to the same scenario from the perspective of a work colleague.
	No significant differences were found in empathy towards immigrants before or after the experiments.



