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The role of virtual reality in enhancing behavioral
empathy: exploring cognitive absorption,
engagement, and emotional moderation using
multivariate methods
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Virtual reality (VR) is increasingly being used to promote altruistic behavior, yet its

mechanisms for enhancing altruistic behavior remain underexplored. This study investigates

how cognitive absorption in VR enhances behavioral empathy, drawing on cognitive

absorption theory and the empathy-altruism model. Three studies were conducted using

modified Delphi (m-Delphi), Fuzzy Decision Making and Trial Evaluation Laboratory (F-

DEMATEL), structural equation modelling (SEM), and artificial neural networks (ANN), and

data was collected from Taiwanese participants. The findings reveal that cognitive absorption

increases cognitive and emotional engagement, which enhance cognitive and emotional

empathy, leading to greater behavioral empathy. Serial mediation effects were confirmed, and

guilt moderated the emotional empathy-behavioral empathy link. ANN analysis identified

emotional empathy and focused attention as top predictors. The findings of this research

provide theoretical and practical insights for designing VR-based tools to foster sustained

prosocial behavior.
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Introduction

V irtual reality (VR) is a three-dimensional technology that
enables users to interact with computer-generated content
in a hyper-realistic manner. It has over 170 million users

globally and a projected penetration rate of 55.9% by 2028
(Jayaraman, 2024). Due to its ability to simulate realistic simu-
lations and give users control, VR helps communicate complex
issues (such as prosocial actions, which tend to be context spe-
cific) more effectively than traditional media (such as radios or
television). Moreover, its ability to evoke presence and affective
responses may lead to altruistic behaviors, VR has been dubbed
the ultimate empathy machine (Herrera et al., 2018; Kang et al.,
2021; Spinrad & Gal, 2018). Renowned organizations such as
Global Citizen, Amnesty International, and UNICEF are using it
to promote positive social change (Kandaurova & Lee, 2019;
UNICEF, 2023). Despite its growing adoption, research on how
VR can effectively foster altruistic behavior in social marketing is
limited. Specifically, there is a lack of evidence on whether VR
can elicit behavioral empathy, an outcome that signals deep-
seated and sustained concern for others (Herrera et al., 2018;
Spinrad & Gal, 2018). Given the increasing use of VR for
altruistic communication and its potential to foster empathy-
driven behavior, it is important to investigate its impact on
behavioral empathy.

Empathy is an important motivator of altruistic behaviors (Lu
et al., 2024; Shin, 2019). According to the empathy-altruism
theory, empathy comprises cognitive (understanding another’s
perspective), emotional (feeling another’s emotions), and beha-
vioral (responding with supportive actions) dimensions
(Abramson et al., 2020, Batson et al., 1991). Cognitive and
emotional empathy have received more attention in altruism
research due to their direct link with compassionate actions
(Abramson et al., 2020; Lu et al., 2024). However, limited research
has examined their links with behavioral empathy, a behavioral
manifestation of empathy. Although both compassionate actions
and behavioral empathy involve helping behaviors, behavioral
empathy represents deeper and potentially more sustainable
altruistic actions rooted in genuine concern rather than super-
ficial motivations (Abramson et al., 2020; Lu et al., 2024).
Building on prior knowledge that cognitive and affective
responses to stimuli shape behavioral reactions (Pachankis, 2007;
Shin, 2019; Ventura et al., 2020), this study explores how VR-
stimulated cognitive and emotional empathy leads to behavioral
empathy.

This research also examines the mechanisms by which VR
arouses behavioral empathy. Engagement is necessary for users to
absorb information from digital media (Yang, 2016). In the
context of VR, engagement refers to a user’s active investment in
a virtual environment (Kang et al., 2021). It comprises cognitive
(mental investment in understanding the VR content) and
emotional (emotional responses elicited by the VR experience)
aspects (Balakrishna & Dwivedi, 2021; Yang, 2016). Engagement
in technology usage helps users connect with content and inter-
nalize it, foster concern for others and potentially promote
altruistic behaviors (Anthony et al., 2021). This research thus
proposes that cognitive and emotional engagement enhance
cognitive and emotional empathy, which in turn foster behavioral
empathy. In addition, cognitive absorption (the state of deep
involvement with technology) ensures effective communication
(Jumaan et al., 2020) as it ensures that users are more fully pre-
sent and active in the digital environment (Kang et al., 2021).
Given that cognitive absorption involves active participation, this
research explores its impact on engagement, which in turn affects
cognitive, emotional, and behavioral empathy. Thus, this study
illustrates the indirect mechanisms through which cognitive
absorption affects behavioral empathy.

Failure to help others can cause moral discomfort and guilt
(Kandaurova & Lee, 2019). This guilt can increase helping
behavior (De Luca et al., 2016). Extant research on the role of
guilt in helping behavior has focused on offline contexts (Shipley
& van Riper, 2022; De Luca et al., 2016). Unlike offline envir-
onments, where guilt is reinforced through direct social feedback,
and visible accountability, in virtual contexts, human behavior
dynamics differ due to reduced interpersonal cues (Kang et al.,
2021; Shipley & van Riper, 2022). On the other hand, VR’s
immersive qualities can also heighten emotional responses by
making experiences feel immediate and embodied (De Luca et al.,
2016). These differences can make guilt in virtual contexts dis-
tinct from guilt in physical settings. Studying guilt in virtual
contexts is essential for understanding how ethical behavior can
be fostered through virtual experiences (Kandaurova & Lee,
2019). Thus, this research also examines the moderating role of
guilt in the effects of cognitive and emotional empathy on
behavioral empathy in VR contexts.

This research addresses the following questions: (1) Can the
use of VR for communicating altruism enhance behavioral
empathy? (2) Do cognitive and emotional engagement in VR
enhance users’ empathy? (3) Does cognitive absorption enhance
cognitive and emotional engagement in VR and behavioral
empathy? (4) Does guilt moderate the effects of cognitive
absorption, cognitive empathy, and emotional empathy on
behavioral empathy?

To address these research questions, this research implemented
three studies. Given that communication involves both infor-
mation senders and receivers, data were collected from senders
and recipients who had experience using VR for altruistic con-
tent. The senders were engaged through M-Delphi and
F-DEMATEL methods, while SEM and ANN were used to ana-
lyze data obtained from receivers. The findings supported our
theorization that cognitive absorption enhances behavioral
empathy directly and indirectly. The moderating effects of guilt
were also confirmed. The rest of the paper is structured as follows:
the introduction is followed by a literature review, methodology,
presentation of results, and discussion of the results.

Literature review
The empathy-altruism model and guilt in the VR context. The
empathy-altruism model explains the mechanisms behind
altruistic behavior. Central to this model is the concept of
empathy. Empathy refers to the comprehension and sharing
others’ emotional experiences (Shin, 2018). The model proposes
that individuals tend to be altruistic when they experience strong
empathy for those in need (Batson et al., 1991). This involves
cognitive empathy, which consists of understanding another
person’s perspective, thoughts, and feelings, and emotional
empathy, which is the affective sharing of another individual’s
emotions (Abramson et al., 2020; Cummins & Cui, 2014).
Behavioral empathy manifests as actions directed towards helping
others (Shin, 2018). In the empathy-altruism model, cognition
shapes emotional responses and prepares individuals to under-
stand the needs of others (Jeon et al., 2024). The combination of
cognitive and emotional empathy leads to helping behavior,
whereby understanding and emotional resonance are translated
into actions aimed at alleviating the distress of others (Davis et al.,
1987). Behavioral empathy, therefore, represents the altruistic
outcomes driven by cognitive and emotional processes (Davis
et al., 1987).

Given empathy’s important role in promoting altruism,
previous research has extensively explored its antecedents from
multiple perspectives, including neurological, social, and
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individual dimensions. Neurologically, empathy development has
been linked to brain structures and executive functions critical for
perspective-taking. Decety and Holvoet (2021) argued that
cognitive empathy depends significantly on the maturation of
executive functions in the brain, particularly emphasizing the
medial prefrontal cortex’s centrality during tasks requiring
perspective-taking (Decety & Michalska, 2020, Paradiso et al.,
2021). Thus, neurological maturation provides the foundational
capacity to understand and resonate emotionally with others.

While neurological research highlights the biological under-
pinnings of empathy, social research emphasizes external
influences, particularly early familial socialization. Abramson
et al. (2020) and Spinrad et al. (2018) established that parents play
a vital role in shaping empathy by modeling and reinforcing
prosocial behaviors. Through such practices, children develop
moral identity and learn empathetic behaviors by observing,
imitating, and internalizing prosocial norms and actions demon-
strated by significant others (Morgan & Fowers, 2022). Thus,
while biology sets the initial potential, social environments
actively mold how empathy manifests and is reinforced
behaviorally, emphasizing the critical role of social context and
familial interactions.

Beyond neurological and social factors, research has also
emphasised the role of individual-level variations, particularly
personality traits, in shaping empathy. Traits such as agreeable-
ness, openness and emotional stability consistently correlate with
higher empathy levels (Abramson et al., 2020, Airagnes et al.,
2021; Di Fabio & Kenny, 2021). Specifically, individuals high in
agreeableness typically exhibit cooperative, compassionate, and
supportive behaviors, which naturally predispose them to
empathize with others (Abramson et al., 2020). Individuals who
are high on openness to experience tend to show intellectual
curiosity and appreciation of diverse perspectives. This enhances
their cognitive capacity to understand varied emotional experi-
ences (Airagnes et al., 2021). Emotional stability, on the other
hand, allows individuals to manage their emotions effectively,
preventing personal distress from overshadowing their capacity to
empathically engage with others’ emotional states (Di Fabio &
Kenny, 2021). Thus, these personality attributes determine the
depth and consistency of empathy across various contexts and
relationships.

Building on this understanding, the current study explores how
empathy is shaped in VR contexts. VR provides unique
opportunities for fostering empathy by cognitively immersing
individuals in realistic, perspective-taking scenarios and emo-
tionally engaging them through vividly simulated emotional
experiences (Shin, 2018; Kandaurova & Lee, 2019). Specifically,
this study examines cognitive absorption as a critical determinant
enhancing empathy through VR’s immersive qualities. Extant
research has shown that when users are cognitively absorbed, they
invest heightened cognitive resources, and this facilitates deeper
processing of information, emotions, and perspectives presented
within the virtual scenario, which can potentially lead to the
development of empathy (Jennett et al., 2008; Slater & Sanchez-
Vives, 2016)

While empathy involves comprehending and resonating with
others’ emotional states, translating empathy into concrete
altruistic behaviors may depend on additional emotional
mechanisms. One particularly influential emotional state is guilt,
which is the moral discomfort that arises from awareness of
having caused harm or failed to help others in distress (Tangney
& Dearing, 2002). Prior research has demonstrated that guilt is a
powerful motivation of behavior in altruistic contexts, as
individuals who experience it often attempt to reduce their
discomfort by engaging in prosocial behaviors (De Luca et al.,
2016; Shipley & van Riper, 2022). Consequently, guilt can

intensify the empathic response by adding an affective and moral
urgency that prompts individuals to act upon their empathetic
feelings.

In VR contexts, guilt may hold unique significance due to VR’s
ability to vividly portray scenarios where individuals witness
others’ distress but may feel limited or unable to intervene
effectively, thus amplifying the emotional impact of guilt
(Kandaurova & Lee, 2019). Experiencing vivid virtual scenarios
can elicit stronger feelings of personal accountability and guilt
when failing to respond to others’ needs, compared to more
traditional media forms such as radio and television (Shipley &
van Riper, 2022; Ventura et al., 2020). Against this background,
the current research examines guilt as a boundary condition for
the effects of cognitive and emotional empathy on behavioral
empathy.

Cognitive absorption and virtual reality. The cognitive
absorption theory explains how individuals become deeply
engrossed in tasks (Leong, 2011). The theory is based on the
concept of “flow,” which is a psychological state characterized by
focus and enjoyment of a task (Balakrishnan & Dwivedi, 2021).
Cognitive absorption entails intense concentration and motiva-
tion to perform a task. It has six dimensions, namely temporal
dissociation (losing track of time and an altered perception of
time’s passage) (Lunardo & Ponsignon, 2020), focused immersion
(high levels of concentration, ignoring irrelevant stimuli (Balak-
rishnan & Dwivedi, 2021)), heightened enjoyment (the pleasure
and satisfaction derived from immersive experiences (Reychav &
Wu, 2015), control (perceived mastery over the activity and
technology, with optimal absorption occurring when the task’s
challenge aligns with one’s skills (Oh & Sundar, 2015)) and
curiosity (ability to explore and understand the technology
(Balakrishnan & Dwivedi, 2021)).

Research on cognitive absorption in VR reveals various
cognitive and physiological outcomes. Higher cognitive absorp-
tion in VR enhances attention, memory, learning, and cognitive
processing (Léger et al., 2014). Educational studies show that
deeply engaged individuals in VR experiences exhibit high
cognitive abilities and improved learning outcomes (Leong,
2011). Physiological research also confirms that cognitive
absorption in VR positively affects physiological arousal,
evidenced by changes in heart rate and conductance (Bolinski
et al., 2021). In therapeutic contexts, cognitive absorption during
VR exposure therapy sessions correlates with greater reductions
in phobic symptoms, highlighting its importance for therapeutic
efficacy (Kealy et al., 2019). Cognitive absorption significantly
influences user experiences and behavioral intentions in VR.
Virtual shopping enhances user satisfaction and revisits inten-
tions (Talukdar & Yu, 2021). Additionally, it mediates the
relationship between presence and enjoyment in VR environ-
ments (Skarbez et al., 2017).

Moreover, VR’s immersive qualities foster perspective-taking
and reduce distractions, thereby supporting empathy develop-
ment by enabling users to simulate others’ experiences and
emotions (Ventura et al., 2020). Its capacity for behavioral
modeling also makes it useful for cultivating social skills (Kang
et al., 2021). Drawing on these findings from VR shopping,
therapy, and social interaction contexts, this research proposes
that cognitive absorption in VR facilitates empathy and altruistic
behavior. Specifically, the observed enhancements in perspective-
taking, social skill development, and emotional engagement
across these applications suggest that cognitive absorption creates
a psychological state conducive to empathetic understanding and
prosocial action. These effects may be even more pronounced in
the VR context because VR offers sensory immersion,
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interactivity, and perspective-taking opportunities that increase
emotional and cognitive engagement (Ventura et al., 2020). The
multisensory stimulation and embodied experiences unique to
VR can intensify feelings of presence and empathy and thus
enhance the emotional impact of simulated situations strongly
than in traditional media (Herrera et al., 2018). As such, we build
on the evidence from the shopping, therapy and social interaction
contexts to argue that cognitive absorption in VR is a key
mechanism driving empathy and altruistic responses in virtual
environments.

In the context of VR, cognitive absorption may be conceptually
likened to presence. Cognitive absorption refers to a deep state of
engagement where users are intensely focused and lose track of
time and external surroundings due to their immersion in the
task or environment (Balakrishnan & Dwivedi, 2021). Thus, it
involves cognitive and emotional involvement, where individuals
feel fully absorbed by the activity they are engaged in and often
leads to a flow-like experience (Lunardo & Ponsignon, 2020;
Reychav & Wu, 2015). In contrast, presence in VR refers to the
subjective feeling of “being there” in the virtual environment
(Herrera et al., 2018). It is the psychological state where users
perceive the virtual world as real, often blurring the boundaries
between the physical and digital realms (Skarbez et al., 2017).
While cognitive absorption focuses more on the internal,
subjective experience of engagement and attention, presence
emphasizes the external perception of virtual space and how
convincingly it replicates reality. Although both are important in
enhancing the overall VR experience, cognitive absorption is
more about the mental state of immersion, whereas presence
deals with the sensory and perceptual aspects of feeling physically
situated in a virtual world.

Hypothesis development
The effect of cognitive absorption on engagement. Cognitive
absorption is when an individual becomes deeply engaged and
completely focused in VR (Bolinski et al., 2021). This intense
focus enables individuals to explore tasks thoroughly, enhancing
cognitive processing and engagement with the content (Léger
et al., 2014). When cognitively absorbed, a person’s attention is
concentrated, minimizing distractions and increasing mental
involvement (Oh & Sundar, 2015). This efficient allocation of
cognitive resources leads to better understanding, retention, and
problem-solving abilities (Leong, 2011). As such, cognitive
absorption positively influences cognitive engagement, fostering
deep concentration and mental involvement, which improves
learning, performance, and overall cognitive functioning (Léger
et al., 2014).

Moreover, individuals deeply absorbed in an activity often
experience enjoyment, fulfillment, and emotional resonance
(Léger et al., 2014). This stems from the immersive nature of
cognitive absorption, providing pleasure and satisfaction from
heightened focus (Reychav & Wu, 2015; Leong, 2011). Deep
absorption can lead to flow, which is characterized by complete
immersion and enjoyment in VR usage (Shin, 2018). Flow is also
accompanied by positive emotions, such as happiness, which can
enhance emotional engagement (Oh & Sundar, 2015). Accom-
plishment and mastery during absorption also boost self-efficacy
and emotional well-being (Frost et al., 2022).

Furthermore, VR can simulate diverse social situations,
allowing users to understand different perspectives (Kandaurova
& Lee, 2019). VR scenarios depicting social issues can evoke
strong empathic responses by enabling users to experience others’
struggles (Yoo & Drumwright, 2018). As individuals observe and
comprehend others’ struggles through VR, the moral elevation
that results can lead them to execute behaviors that alleviate the

suffering of others (Kang et al., 2021). The following hypotheses
are proposed:

H1: Cognitive absorption positively affects (a) cognitive
engagement, (b) emotional engagement (c) behavioral empathy.

The effect of engagement on empathy. VR creates immersive
experiences that evoke strong emotional responses and connec-
tions with virtual characters or situations, laying the foundation
for empathic understanding (Bolinski et al., 2021). As users
explore VR and encounter characters expressing emotions such as
sadness, they are prompted to empathize, mirror, and understand
these feelings (Ventura et al., 2020). This emotional resonance
enhances users’ mental connection with the virtual characters’
experiences, facilitating cognitive understanding (Jeon et al.,
2024). Emotional engagement in VR motivates users to mentally
simulate the perspectives of the characters, fostering cognitive
empathy (Jeon et al., 2024). By empathizing with the emotions
portrayed, users infer the underlying reasons and motivations,
enhancing their understanding of the characters’ situations and
perspectives (Jeon et al., 2024). This empathic inference process
helps users grasp the complexities of human emotions and
behavior, leading to greater cognitive empathy (Han et al., 2024).

Furthermore, emotional engagement in VR reinforces cognitive
empathy by enhancing users’ understanding of the relationship
between emotions and perspectives. By forming emotional
connections with virtual characters and observing how decisions
and actions influence these characters’ emotions, users gain
valuable insights into the social cues and dynamics that foster
empathic understanding (Abramson et al., 2020; Tsang, 2018).
This iterative process of emotional engagement and cognitive
inference in VR strengthens both emotional and cognitive
empathy, creating a more comprehensive empathic experience
that goes beyond mere cognitive understanding. Based on this,
the following hypotheses are proposed:

H2: Cognitive engagement positively affects (a) cognitive
empathy and (b) emotional empathy.

H3: Emotional engagement positively affects (a) cognitive
empathy and (b) emotional empathy.

The effects of cognitive empathy and emotional empathy on
behavioral empathy. In virtual settings, cognitive empathy
enables individuals to understand and interpret the emotions and
perspectives of others (Jeon et al., 2024). This understanding
forms the foundation of helping behavior by guiding individuals
to recognize when and how to respond empathetically (Han et al.,
2024). By grasping others’ feelings or thoughts, people can adjust
their behavior to be empathetic and supportive (Tsang, 2018).
Cognitive empathy also aids in navigating social situations
effectively, fostering empathy-driven behaviors (Jeon et al., 2024).
Understanding social norms, cultural differences, and individual
preferences through VR interactions enables individuals to
interact considerately, use appropriate language, respect bound-
aries, and appreciate diverse perspectives (Lu et al., 2024).

Emotional empathy from VR experiences fosters emotional
empathy (Lu et al., 2024). This emotional resonance drives
behaviors demonstrating care, compassion, and support (Abram-
son et al., 2020; Cummins & Cui, 2014). Emotional empathy
prompts a visceral response to others’ emotions, leading to
actions to alleviate their suffering (Frost et al., 2022). Addition-
ally, emotional empathy fosters a sense of interconnectedness and
shared humanity, promoting pro-social behaviors and altruism
(Tsang, 2018; Cummins & Cui, 2014). Recognizing one’s
emotional responses in others highlights the commonality of
human experiences, cultivating empathy-driven actions. This
empathy inspires acts of kindness, generosity, and compassion
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towards those in need (Ventura et al., 2020). The following
hypotheses are proposed:

H4: Cognitive empathy positively affects behavioral empathy.
H5: Emotional empathy positively affects behavioral empathy.

The mediating roles of engagement and empathy. Cognitive
empathy helps individuals understand others’ perspectives and
guides their actions to be more supportive (Lu et al., 2024).
Emotional empathy, on the other hand, fosters a deep emotional
connection, motivating compassionate actions (Abramson et al.,
2020). Together, cognitive and emotional empathy drive beha-
viors that consider the needs of others (Lu et al., 2024). In
addition, VR simulations prompt users to consider characters’
thoughts and motivations, fostering cognitive empathy (Kang
et al., 2021). Navigating virtual environments and making
impactful decisions deepen understanding of different perspec-
tives (Tsang, 2018). Cognitive engagement in VR can also evoke
emotional empathy as users emotionally invest in the characters
and narratives presented (Kang et al., 2021). As individuals
interact with and witness the emotional struggles and triumphs of
virtual characters, they develop a heightened sensitivity to others’
feelings, fostering emotional empathy (Lu et al., 2024; Ventura
et al., 2020). Thus, VR’s combination of cognitive engagement
and emotional immersion cultivates both cognitive and emotional
empathy.

Emotional engagement in VR fosters cognitive and emotional
empathy by immersing users in simulations that evoke deep
emotional responses (Jeon et al., 2024). This immersion prompts
users to experience others’ emotions vicariously, enhancing
emotional empathy (Han et al., 2024). Interactive VR experiences
also challenge users to consider different perspectives, enhancing
cognitive empathy (Abramson et al., 2020). This blend of
emotional and cognitive responses in VR fosters a nuanced
understanding of others’ experiences, promoting empathy and
compassion in real-world interactions. Furthermore, cognitive
absorption in VR enhances engagement by fully immersing users
in virtual experiences. This intense focus facilitates better
cognitive processing, understanding complex scenarios, and
considering diverse perspectives, in addition to creating a sense
of presence and emotional connection with virtual characters and
narratives (Balakrishnan & Dwivedi, 2021). By maximizing
cognitive and emotional engagement, VR serves as a powerful
platform for fostering empathy and deepening understanding
(Anthony et al., 2021). Given these interrelationships, the
following hypotheses are proposed:

H6a: Cognitive engagement and cognitive empathy serially
mediate the effect of cognitive absorption on behavioral empathy.

H6b: Cognitive engagement and emotional empathy serially
mediate the effect of cognitive absorption on behavioral empathy.

H6c: Emotional engagement and cognitive empathy serially
mediate the effect of cognitive absorption on behavioral empathy.

H6d: Emotional engagement and emotional empathy serially
mediate the effect of cognitive absorption on behavioral empathy.

The moderating role of guilt. Guilt in altruism serves as both a
motivator and a moral compass that drives individuals to perform
acts of kindness, as it helps create a moral balance in the indi-
vidual (Lee et al., 2023). It arises from a moral obligation towards
others that emanates from an awareness of one’s privilege,
opportunities to help, or past failures to help. It compels indivi-
duals to address their perceived moral shortcomings through
altruistic actions and reinforces moral values that push indivi-
duals to fulfill their duty towards others (Kandaurova & Lee,
2019; De Luca et al., 2016).

Cognitive empathy enables individuals to understand and
appreciate others’ perspectives (Lu et al., 2024), potentially leading
to altruistic actions. On the other hand, emotional empathy allows
individuals to share and resonate with the emotions portrayed,
prompting compassionate responses (Shin, 2019). Guilt can
amplify these effects, especially when individuals perceive suffering
in the VR content, because it drives individuals to take actions that
align with their moral obligations (Shipley & van Riper, 2022).
Witnessing acts of kindness in VR can evoke guilt in those who feel
they have not been sufficiently altruistic, prompting them to
engage in altruistic behaviors to alleviate guilt and align their
actions with their values (Shipley & van Riper, 2022). Thus, guilt
strengthens the impact of cognitive and emotional empathy on
behavioral empathy, hence the following hypotheses:

H7a: Guilt moderates the effect of cognitive empathy on
behavioral empathy.

H7b: Guilt moderates the effect of emotional empathy on
behavioral empathy.

The research model and hypotheses are shown in Fig. 1. The
model represents hypothesized relationships between variables,
highlighting latent constructs and observed indicators.

Methodology
This study used M-Delphi, F-DEMATEL, SEM, and ANN
approaches to analyze its data.

Modified Delphi (m-Delphi). This research applied the 9 pre-
dictor variables (temporal dissociation, focused immersion,
heightened enjoyment, control, curiosity, cognitive engagement,
emotional engagement, cognitive empathy and emotional empa-
thy) in the first round of the M-Delphi study. 21 experts with
more than 5 years of experience in the VR communication
context (especially altruistic communication) were invited to rate
how these variables affected information quality, with each vari-
able receiving a combined rating above 80%, exceeding the 75%
threshold. At the beginning of the survey, a screening question
“have you ever used VR to spread altruistic content” was asked,
and only those who responded “yes” were allowed to take part in
the research. The questionnaire was administered in person, but
the participants were kept anonymous – they did not know who
their fellow participants were. The participants were asked to rate,
on a scale of 1 to 7, the extent to which they believed each of the
proposed factors influenced behavioral empathy. After the first
round, experts proposed adding focused attention and amuse-
ment as factors. These were included in the second round. All
factors, except amusement, rated above 80%; amusement initially
rated at 69.52% but rose above the 75.24% threshold by the third
round. The m-Delphi process confirmed that all eleven factors
influenced behavioral empathy, and they were included in the
F-DEMATEL procedure. Table S1 in the supplementary files
presents the proposed determinants of behavioral empathy
identified through the M-Delphi process, which were subse-
quently evaluated using the F-DEMATEL method.

F-DEMATEL. DEMATEL refers to multicriteria decision methods
used to understand interdependencies and interactions among fac-
tors in complex decision settings. The external factors that come into
play in communication render it an uncertain endeavor. In addition,
DEMATEL ratings are based on experience, which could lead to
subjectivity (Shieh et al., 2010). Applying the fuzzy theory to
DEMATEL reduces subjectivity and ensures representative reliability
(Liao, 2020). Several studies have demonstrated the applicability of
the F-DEMATEL contexts, such as supply chain management (Paul
et al., 2021) and health communication (Liao, 2020). The compu-
tational steps involved in F-DEMATEL are explained below.
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Step 1: Determination of the influencing factors in the system. A
literature review is conducted to determine the factors affecting
the outcome variable.

Step 2: Designing the fuzzy linguistic scale. The degrees of
influence applied in the F-DEMATEL method are usually in five
levels: (see Table S2 in the supplementary file). Participants use
the semantic scale to make ratings about causal relationships
among factors in the system.

Step 3: Computing the initial direct relation fuzzy matrix. Every
respondent’s initial direct relation matrix Zk comprises ratings
denoted by Zk

ij. Every direct relation matrix Xk
ij comprises three

sub-matrices L, M and U.

Zk ¼

0 Zk
12 � � � Zk

1n

Zk
21 0 � � � Zk

2n

..

. ..
. . .

. ..
.
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n2 � � � 0

2
666664

3
777775
; k ¼ 1; 2; ¼ ; p¼ ð1Þ
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The combined average direct relation matrix for all respon-
dents is obtained as follows:

A ¼ 1
p

∑
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Step 4: Normalizing the direct-relation fuzzy matrix. The largest
values element in the initial direct relation matrix is obtained as

rk ¼ max
1≤ i≤ n

∑
n
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� �
k ¼ 1; 2; ¼ ; p¼ ð3Þ

Thereafter each element of the average direct relation matrix is
divided by (rk) to obtain the normalized direct relation fuzzy

matrix as follows:

XK ¼

XK
11 Xk

12 � � � Xk
1n

Xk
21 Xk

22 � � � Xk
2n

..

. ..
. . .

. ..
.

Xk
n1 Xk

n2 � � � Xk
nn

2
666664

3
777775
k ¼ 1; 2; ¼ ; p¼ ð4Þ

where Xk
ij ¼ Lkij ; M

k
ij ; U

k
ij

� �
¼ Zk

ij

rk

� �
¼ Lkij

rk

0 Mk
ij

rk

0 Uk
ij

rk

� �
.

Step 5: Obtaining the fuzzy total relation matrix. To compute the
fuzzy total relation matrix, lim

w!1
Xw must first be obtained. Xw

represents the triangular fuzzy matrix, which can be
expressed as:

Xw ¼

0 xw12 � � � xw1n
xw21 0 � � � xw2n
..
. ..

. . .
. ..

.

xwn1 xwn2 � � � 0

2
6664

3
7775,

where

xwij ¼ Lwij ; M
w
ij ; U

w
ij

� �
and

Lwij ¼

0 Lw12 � � � Lw1n
Lw21 0 � � � Lw2n
..
. ..

. . .
. ..

.

Lwn1 Lwn2 � � � 0

2
6664

3
7775’M

w
ij ¼

0 Mw
12 � � � Mw

1n
Mw

21 0 � � � Mw
2n

..

. ..
. . .

. ..
.

Mw
n1 Mw

n2 � � � 0

2
6664

3
7775

and

Uw
ij ¼

0 Uw
12 � � � Uw

1n
Uw

21 0 � � � Uw
2n

..

. ..
. . .

. ..
.

Uw
n1 Uw

n2 � � � 0

2
6664

3
7775
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Fig. 1 Structural Equation Modeling (SEM) research framework. Note: Arrows indicate the direction of assumed causal paths.
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These three matrices can be ordered as Lwij ¼ Xw
L ;

Mw
ij ¼ Xw

M; U
w
U ¼ Xw

U . If lim
w!1

Xw = 0 and lim
w!1

ð1þ X þ X2þ
¼ þ XkÞ= ð1� XÞ�1 where 0 is the zero matrix and I is the
identity matrix, the total relation matrix can be expressed as T
= lim

w!1
ðX þ X2 þ ¼ þ XkÞ= ð1� XÞ�1. Because the Xw matrix

comprises matrices Lwij ; M
w
ij ; U

w
ij , the fuzzy total relation matrix

for the three sub-matrices is obtained as:

TL ¼ ½TL� ¼ lim
c!1

ðLþ L2 þ ¼ þ LkÞ ¼ Lð1� LÞ�1 ¼ ð5Þ

TM ¼ ½TM� ¼ lim
c!1

ðM þM2 þ ¼ þMkÞ ¼ Mð1�MÞ�1 ¼

ð6Þ

TU ¼ ½TU � ¼ lim
c!1

ðU þ U2 þ ¼ þ UkÞ ¼ Uð1� UÞ�1 ¼

ð7Þ
Step 6: Obtaining the sum of rows and columns. The sums of rows
and columns are plotted as vectors Di and Ri. Prominence, the x
axis vector (Di þ Ri), is obtained by summing the rows and
columns for each factor at each of the three levels. Relation
(Di � Ri), the y axis vector, is obtained by subtracting the col-
umns from rows for each factor. The Di and Ri values have three
levels, (DL

i , D
M
i , D

U
i and RL

i , R
M
i and RU

i ).

D�
i ¼ ∑

n

x¼1
T 0
ix ¼ DL

i ;D
M
i ;D

U
i

� �
¼ ð8Þ

R�
i ¼ ∑

n

y¼1
T 0
yj ¼ RL

i ;R
M
i ;R

U
i

� �
¼ ð9Þ

To obtain single values from triangular values, the mean of the
triangular values is obtained, as follows:

Di þ Ri ¼ MeanðD�
i � R�

i Þ¼ ð10Þ

Di � Ri ¼ MeanðD�
i � R�

i Þ¼ ð11Þ
The criteria are then classified into cause (Di þ Ri > 0) and

effect (Di þ Ri < 0) groups. The causal model is obtained by
graphing the values of Di þ Ri and Di � Ri.

Figure 2 illustrates the research framework incorporating the
M-Delphi and F-DEMATEL approach. The figure outlines the
sequential methodology combining the M-Delphi method for
expert consensus building and the Fuzzy DEMATEL approach
for analyzing complex causal relationships.

Sampling. The F-DEMATEL method emphasizes collecting data
from experts with knowledge and experience in the given field. As
such, this study invited experts from Tzu Chi Foundation, a
Taiwanese non-profit organization involved in health promotion.
Individuals with more than 10 years’ experience in VR commu-
nication were invited. Eligible participants needed to have worked
in VR communication for more than ten years. At the beginning
of the survey, a screening question “have you ever used VR to
spread altruistic content” was asked, and only those who
responded “yes” were allowed to take part in the research. 20
participants took part in the study, and they were asked to rate
the extent to which they believed the factors affected behavioral
empathy using the semantic rating scale in Table S2 of the sup-
plementary file. The participants were asked, “please rate, the
extent to which each of the following items lead to behavioral
empathy in virtual reality (N=No influence, VL=Very low
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Fig. 2 Integrated M-Delphi and Fuzzy DEMATEL research framework. Note: Each panel shows stages from data collection to analysis, with directed lines
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influence, L=Low influence, HI=High influence, VH=Very high
influence.” The participants were distinct from those invited in
the M-Delphi study to enhance the validity of the collected data
and to reduce bias which would have resulted had the data been
collected from the same respondents twice.

F-DEMATEL results. The computation process of the F-DEMATEL
is shown in the supplementary file. The initial direct relation fuzzy
matrix (Table S3) was developed by computing the average of all
direct relation matrices. Thereafter, the initial direct relation matrix
(Table S4) was normalized by dividing its elements by the highest
value of the sum of rows and columns for the initial direct relation
matrix. Thereafter the fuzzy total relation matrix (Table S5) was
computed by multiplying the normalized direct relation matrix by
the inverse of the difference between the identity matrix and the
normalized direct relation matrix. Then, the best non-fuzzy perfor-
mance method was used to de-fuzzy the total relation matrix (Table
S6). The cause-and-effect values (Table S7) were obtained by sum-
ming the rows and columns of the de-fuzzified matrix.

The results of the F-DEMATEL analysis indicated that all the
factors were significant elements of the cause-and-effect system, given
that their D+R values were all higher than the critical threshold of
0.195 (the mean of the de-fuzzified total relation matrix). Four factors
were causal factors: focused immersion (D–R= 1.447), control
(D–R= 1.291), focused attention (D–R= 1.027), heightened enjoy-
ment (D–R= 0.933) and curiosity (D–R= 0.822). On the other
hand, six effect factors were established: cognitive engagement
(D–R=−1.183), emotional empathy (D–R=−1.183), cognitive
empathy (D–R=−1.151), emotional engagement (D–R=−0.856),
temporal dissociation (D–R=−0.589) and amusement (D–R=
−0.558).

Discussion of F-DEMATEL results. The study finds that focused
immersion, control, focused attention, heightened enjoyment,
and curiosity are significant causal factors. These findings align
with previous research, which showed that deep immersion in VR
enhances concentration and internalization of content (Jeon et al.,
2024; Zha et al., 2018), potentially triggering behavioral changes.
When individuals perceive control over VR interactions, their
sense of agency, presence, and engagement increase (Kang et al.,
2021). This leads to better comprehension and internalization of
VR content, enhancing the likelihood of acting in accordance
with their VR experiences (Kang et al., 2021). Focused attention is
also a significant causal factor, consistent with prior studies (Shin,
2018). Focused attention filters out distractions, enhances content
internalization and shapes users’ behaviors. Enjoyment from
immersive experiences also lead to positive behavioral outcomes,
as it ensures continued engagement with VR and aids informa-
tion internalization (Tsang, 2018). Additionally, curiosity is
identified as a significant causal factor. It motivates exploration
and learning, encouraging users to engage more deeply with VR
content, leading to positive behavioral outcomes. The study also
identifies six effect factors: cognitive engagement, emotional
empathy, cognitive empathy, emotional engagement, temporal
dissociation, and amusement. Cognitive engagement, emotional
engagement, empathy and amusement, are influenced by tem-
poral dissociation, focused immersion, heightened engagement,
control, curiosity, and focused attention. Focused attention itself
is shaped by temporal dissociation, focused immersion, heigh-
tened enjoyment, control, and curiosity. This supports that cog-
nitive absorption in technology enhances engagement and
empathy, particularly for prosocial topics (Pimentel &
Kalyanaraman, 2024). Temporal dissociation is affected by all
system factors. When users are engaged in VR, empathize with
characters, maintain focused attention, and find content amusing,

they experience temporal dissociation. This deepens their
immersion, potentially leading to behavioral changes.

Study 2: structural equation modelling study
Measurement and sampling. The study adapted measurement
instruments from existing studies (see Appendix) and collected
data from individuals in Taiwan with VR usage experience,
specifically those who had used VR to view altruism-inducing
content. Items were translated into Mandarin Chinese using
back-translation and validated through a pretest with 60 par-
ticipants in ten rounds. Following the pretest, a pilot study with
200 participants refined the model. Data was collected using
SurveyMonkey, an online data collection platform. It was
analyzed using SmartPLS 3, and it satisfied all criteria for dis-
criminant validity, convergent validity, reliability, and multi-
collinearity. The formal survey collected data from 1203
Taiwanese individuals who also had experience viewing
altruism-inducing content in VR. To ensure that the partici-
pants indeed had experience viewing altruistic content in VR,
they were asked to give brief explanations of the content that
they had viewed. These explanations were evaluated by research
assistants, and samples of participants whose experiences were
deemed not to be altruism-inducing were excluded from the
analysis. After excluding incomplete and irrelevant samples,
923 valid responses remained (632 females, 570 aged 18–25, 648
with a bachelor’s degree and 134 employed), reflecting a 76.73%
validity rate.

Common method bias (CMB). The prevention CMB, construct
names were concealed, items were randomized, and participant
identities were hidden (Podsakoff et al., 2003). In addition,
Harman’s single factor test showed that the principal factor
explained 20.448% of the variance, lower than the 50% threshold
(Podsakoff et al., 2003). Therefore, CMB was not a problem in
this study.

Results
Measurement model: The measurement model was analyzed
using SmartPLS 3.0. Convergent validity was assessed through
factor loadings and the average variance extracted (AVE) for each
construct. Factor loadings surpassed 0.7, and the AVE for every
construct exceeded 0.5, indicating convergent validity (Hair Jr
et al., 2014). Discriminant validity was evaluated based on Fornell
and Larcker (1981) criterion as well as heterotrait-monotrait
(HTMT) ratios. According to Fornell and Larcker’s guideline, the
square root of the AVE for each construct exceeded its correlation
with any other construct. Additionally, HTMT ratios for all
constructs remained below the 0.90 threshold (Hair Jr et al.,
2014), affirming discriminant validity and demonstrating that the
constructs were distinct. Moreover, the composite reliability of all
constructs surpassed 0.7, confirming their internal consistency
(Hair Jr et al., 2014). Detailed results can be found in Tables 1, 2
and S7 of the supplementary file.

Hypothesis testing: SmartPLS structural equation modelling with
bootstrapping was used to test for the hypotheses. The results
indicated significant positive effects of cognitive absorption on
cognitive engagement (β= 0.633, p < 0.001), emotional engage-
ment (β= 0.199, p < 0.001) and behavioral engagement
(β= 0.100, p < 0.01). Thus, H1a, H1b and H1c were supported.
The effect of cognitive engagement on cognitive empathy
(β= 0.242, p < 0.001) and emotional empathy (β= 0.175,
p < 0.001) were also significant, supporting H2a and H2b. Fur-
thermore, the effect of emotional engagement on emotional
empathy was significant (β= 0.579, p < 0.001), whereas the effect
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of emotional engagement on cognitive empathy (β= 0.005,
p= 0.966) was not significant. Thus, H3a was supported, whereas
H3b was not supported. The effects of cognitive empathy
(β= 0.100, p < 0.01) and emotional empathy (β= 0.400,
p < 0.001) on behavioral empathy were also significant, support-
ing H4 and H5.

The mediating effects were examined using the bootstrapping
technique with 5000 samples in SmartPLS. The results showed
that cognitive engagement and cognitive empathy serially
mediated the effect of cognitive absorption on behavioral
engagement (β= 0.012, p < 0.01, CI= [0.004, 0.020]), supporting
H6a. The serial mediating effect of cognitive engagement and

Table 2 Measurement items, loading scores, and construct validity.

Construct Item Factor Loading Error term SMC AVE CR α

Temporal dissociation TD1 0.99 0.02 0.98 0.645 0.771 0.763
TD2 0.556 0.691 0.309

Focused immersion FI1 0.969 0.061 0.939 0.629 0.76 0.765
FI2 0.564 0.682 0.318

Heightened enjoyment HE1 0.834 0.304 0.696 0.734 0.892 0.791
HE2 0.92 0.154 0.846
HE3 0.813 0.339 0.661

Control CON1 0.759 0.424 0.576 0.598 0.748 0.77
CON2 0.787 0.381 0.619

Curiosity CUR1 0.861 0.259 0.741 0.715 0.882 0.799
CUR2 0.782 0.388 0.612
CUR3 0.89 0.208 0.792

Cognitive engagement CENG1 0.756 0.428 0.572 0.518 0.757 0.801
CENG2 0.834 0.304 0.696
CENG3 0.535 0.714 0.286

Emotional engagement EENG1 0.774 0.401 0.599 0.605 0.821 0.949
EENG2 0.792 0.373 0.627
EENG3 0.768 0.41 0.59

Cognitive empathy CEMP1 0.682 0.535 0.465 0.536 0.822 0.973
CEMP2 0.76 0.422 0.578
CEMP3 0.793 0.371 0.629
CEMP4 0.688 0.527 0.473

Emotional empathy EEMP1 0.541 0.707 0.293 0.534 0.77 0.983
EEMP2 0.818 0.331 0.669
EEMP3 0.801 0.358 0.642

Behavioral empathy BE1 0.863 0.255 0.745 0.667 0.889 0.834
BE2 0.823 0.323 0.677
BE3 0.809 0.346 0.654
BE4 0.77 0.407 0.593

Guilt GU1 0.551 0.696 0.304 0.499 0.741 0.717
GU2 0.628 0.606 0.394
GU3 0.894 0.201 0.799

Focused attention FA1 0.527 0.722 0.278 0.589 0.846 0.756
FA2 0.895 0.199 0.801
FA3 0.694 0.518 0.482
FA4 0.891 0.206 0.794

Amusement AM1 0.521 0.271 0.729 0.467 0.716 0.8
AM2 0.851 0.724 0.276
AM3 0.637 0.406 0.594

SMC squared multiple correlation, AVE average variance extracted, CR composite reliability.

Table 1 Demographic Information.

Measures Groups Frequency Percentage (%) Cumulative %

Gender Male 291 31.5 31.5
Female 632 68.5 100

Age 18–25 570 61.8 61.8
26–40 88 9.5 71.3
41–55 181 19.6 90.9
56 or more 84 9.1 100

Education High school 1 0.1 0.1
Bachelor’s degree 648 70.2 70.3
Postgraduate 274 29.7 100

Employment Status Employed 134 14.5 14.5
Self-employed 218 23.6 38.1
Student 570 61.8 100
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emotional empathy in the relationship between cognitive
absorption and behavioral engagement was also significant
(β= 0.044, p < 0.001, CI= [0.032, 0.059]), supporting H6b.
However, the indirect effect of cognitive absorption on behavioral
empathy through emotional engagement and cognitive empathy
was also significant (β= 0.001, p= 0.970, CI= [−0.001, 0.001]).
As such, H6c was not supported. The indirect effect of cognitive
absorption on behavioral empathy through emotional engage-
ment and emotional empathy was significant (β= 0.046,
p < 0.001, CI= [0.029, 0.065]). Thus, H6d was supported.
Moderation was also examined using bootstrapping with
5000 samples, with mean centering. Although the moderating
effect of guilt on the effect of cognitive empathy on behavioral
engagement was significant (β=−0.086, p < 0.001, CI= [−0.128,
−0.043]), it was negative. Therefore, H7a was not supported.
However, the moderating effect of guilt on the relationship
between emotional empathy and behavioral engagement was
significant and positive (β= 0.085, p < 0.001, CI= [0.042, 0.133]),
supporting H7b. The SEM results are shown in Tables 3 and 4.

Artificial neural network (ANN). Although PLS-SEM is robust
against non-normal data, it is limited to capturing only linear
relationships and is thus insufficient for modeling non-linear
relationships. In contrast, ANN can handle both linear and non-
linear models, making it suitable for ranking factors based on
their significance. ANN operates by using interconnected artificial
neurons that receive input, adjust their internal states (activa-
tions) based on the input (a process known as learning), and
generate outputs accordingly (Leong, 2011). However, due to its
“black box” nature, ANN is not ideal for hypothesis testing
(Leong, 2011), as the internal processes and weight adjustments
within the model are often opaque and difficult to interpret. This
lack of transparency limits researchers’ ability to clearly trace
causal relationships or derive theoretical insights, making ANN
more suitable for prediction tasks than for explicating underlying
mechanisms or validating conceptual frameworks. Figure 3
illustrates the ANN model utilized in this study. This figure
presents the architecture of the developed ANN model, showing
input, hidden, and output layers. Nodes represent processing
units, and connecting lines denote weighted inputs. The model is
used to predict outcomes based on trained datasets.

One output neuron (behavioral empathy) and multiple input
neurons (cognitive absorption, cognitive engagement, emotional
engagement, cognitive empathy, emotional empathy, guilt, focused
attention, and amusement) were added. To improve model
performance, the values of the input and output neurons were set
within the range of 0 and 1. For the training and testing data, a
tenfold cross-validation method was employed with a ratio of 70:30.
To measure the goodness of fit of the ANN model, the root mean
square errors were computed, yielding values of 0.144 for the
training model and 0.164 for the testing model, resulting in an
accuracy percentage of 83.6% for predicting behavioral empathy.
The normalized importance values were calculated using sensitivity
analysis, with relative importance divided by the highest value and
presented as a percentage. As shown in Table 5, emotional empathy
(100%) emerged as the most important predictor, followed by
focused attention (77.9%), amusement (31.3%), cognitive empathy
(21.5%), cognitive absorption (18.4%), and guilt (9.2%).

Discussion of SEM results. The SEM results confirmed that
cognitive absorption significantly influenced engagement, empa-
thy, and behavioral empathy through multiple direct, mediating,
and moderating pathways. Specifically, the findings showed that
cognitive absorption positively impacts cognitive and emotional
engagement, consistent with prior research that cognitive T
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absorption enhances mental activity and affective processing in
technology use (Pimentel & Kalyanaraman, 2024). Immersed users
focus entirely on the VR experience, improving mental involvement
and cognitive function. Active user engagement leads to heightened
cognitive activity and attention to altruistic content, enhancing
emotional resonance and enjoyment. The study also confirms that
cognitive engagement boosts cognitive and emotional empathy.
Cognitive engagement facilitates mental activity and helps users

understand the altruistic content and empathize with virtual char-
acters, thereby improving both cognitive and emotional empathy
(Pimentel & Kalyanaraman, 2024). These findings support that,
compared to traditional media where engagement may remain
passive or constrained by a lack of interactivity, VR’s immersive and
interactive nature fosters deeper cognitive processing and sustained
attention. This enables users to mentally simulate others’ experi-
ences with greater clarity and vividness.

Table 4 Path estimation results.

Hypotheses Paths β 95% CI (LLCI, ULCI) f2 VIF Test result

H1a CA→CENG 0.633*** [0.407, 0.512] 0.274 1 Supported
H1b CA→EENG 0.199*** [0.473, 0.588] 0.405 1 Supported
H1c CA→BE 0.100* [0.196, 0.302] 0.105 2.99 Supported
H2a CENG→CEMP 0.242*** [0.187, 0.293] 0.102 1.112 Supported
H2b CENG→EEMP 0.175*** [0.123, 0.223] 0.101 1.112 Supported
H3a EENG→CEMP 0.005ns [–0.061, 0.064] 0.001 1.112 Not supported
H3b EENG→EEMP 0.579*** [0.523, 0.631] 0.527 1.112 Supported
H4 CEMP→BE 0.100* [0.007, 0.097] 0.106 1.828 Supported
H5 EEMP→BE 0.400*** [0.253, 0.359] 0.141 2.773 Supported
H6a CA→CENG→CEMP→BE 0.012* [0.004, 0.020] Supported
H6b CA→CENG→EEMP→BE 0.044*** [0.032, 0.059] Supported
H6c CA→EENG→CEMP→BE 0.001 [−0.001, 0.001] Not supported
H6d CA→EENG→EEMP→BE 0.046 [0.029, 0.065] Supported
H7a GU*CEMP→BE −0.086*** [−0.128, −0.043] 0.02 1.221 Not supported
H7b GU*EEMP→BE 0.085*** [0.042, 0.133] 0.118 1.423 Supported
Control FA→BE −0.266 [0.120, 0.214] 0.05 2.365
Control AM→BE 0.167 [−0.308, −0.228] 0.203 1.483
Control Age −0.019 [−0.090, 0.052] 0 1
Control Education −0.001 [−0.032, 0.029] 0 1
Control Employment −0.012 [−0.084, 0.064] 0 1
Control Gender 0.016 [−0.017, 0.048] 0.001 1

*p < 0.05; ***p < 0.001.
CA cognitive absorption, TD temporal dissociation, FI focused immersion, HE heighted engagement, CON control, CUR curiosity, CENG cognitive engagement, EENG emotional engagement, CEMP
cognitive empathy, EEMP emotional empathy, BE behavioral engagement, GU guilt, FA focused attention, AM amusement, CI confidence interval, LLCI lower level confidence interval, ULCI upper level
confidence interval, VIF variance inflation factor.

Fig. 3 Artificial Neural Network (ANN) model structure. Note: CAB Cognitive absorption, CEMP Cognitive empathy, EEMP Emotional empathy,
FA Focused attention, AM Amusement, GU Guilt, BE Behavioral engagement.
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The study confirms that emotional engagement positively affects
emotional empathy, supporting prior research that emotional
engagement enhances resonance with emotional content (Lu et al.,
2024). When individuals are emotionally engaged, they are more
attuned to their own and others’ affective responses (Yang et al.,
2023), making them more receptive to others’ emotional states.
However, the effect of emotional engagement on cognitive
empathy is not significant, indicating that emotional connection
alone does not enhance understanding of others’ thoughts and
perspectives. Emotional engagement aids in sharing emotions, but
cognitive empathy requires skills like perspective-taking (Oh &
Sundar, 2015). Thus, while emotional engagement boosts emo-
tional connection, it does not automatically improve under-
standing of others’ mental states. This also explains why the serial
mediating effect of emotional engagement and cognitive empathy
is not significant. Although emotional engagement fosters affective
resonance, it does not provide the cognitive resources necessary for
perspective-taking or mentalizing, limiting its ability to channel
emotional engagement into cognitive empathy (Oh & Sundar,
2015). Therefore, emotional engagement may follow an affective
rather than cognitive pathway in shaping empathy-related out-
comes. Importantly, VR’s ability to evoke stronger affective
engagement than traditional text or video media lies in its
multisensory stimulation and embodiment, which allows users to
feel present within the scenario rather than remaining detached
observers, thereby intensifying emotional empathy.

The results show that cognitive empathy, emotional empathy,
and cognitive absorption positively affect behavioral empathy.
These findings align with existing studies, which suggest that when
individuals identify with the thoughts and feelings of those in need
and are mentally absorbed in technology, they are more willing to
help (Frost et al., 2022; Kandaurova & Lee, 2019; Han et al., 2024).
Viewing altruistic content in VR allows users to interact with
virtual characters representing various perspectives, enhancing
their understanding of others’ thoughts and feelings. The realistic
portrayal of emotions and immersive nature of VR environments
can elicit stronger emotional responses, fostering empathy for
others’ feelings and leading to observable behavioral changes, such
as increased compassion and support. This effect is likely
amplified in VR compared to traditional media, as VR’s
experiential learning enables users to feel empathy for others
through embodied simulations, which surpass the perspective-
taking achieved through reading or passive viewing alone.
Furthermore, cognitive absorption in VR enables users to engage
in interactive simulations of real-world scenarios, directly
experiencing different perspectives and emotions. This experien-
tial learning process can translate into behavioral empathy as users
apply their newfound understanding to real-world interactions.

The findings also confirm the serial mediating effects of
cognitive engagement, cognitive empathy, emotional engagement,
and emotional empathy in the relationship between cognitive
absorption and behavioral empathy. Specifically, cognitive engage-
ment and cognitive empathy sequentially mediate the effect of
cognitive absorption and behavioral empathy. This relationship is
also serially mediated by cognitive engagement and emotional

empathy and emotional engagement and emotional empathy. This
finding explains the sequential process through which cognitive
absorption during virtual reality experiences shapes behavioral
empathy. By fostering active engagement and deepening indivi-
duals, understanding of others’ perspectives, virtual reality
technology has the potential to promote empathetic behaviors
and contribute to more empathetic interactions among people.
Unlike traditional media, which often rely on narrative or visual
prompts to encourage empathy, VR’s active participation and first-
person perspective uniquely position it to engage both cognitive
and emotional empathy in an integrated manner. This can bridge
the gap between understanding and feeling, further enhancing the
behavioral outcomes.

The findings also indicate that guilt moderates the effect of
emotional empathy on behavioral engagement, supporting prior
research on the significance of guilt in shaping altruistic behaviors
(Shipley & van Riper, 2022). When individuals experience guilt
can heighten their sensitivity to others’ emotions and increase
their motivation to alleviate their perceived distress. In this
context, emotional empathy may act as a more potent driver of
behavioral empathy, as individuals become more inclined to take
action to mitigate their feelings of guilt by helping others.
However, the moderating effect of guilt is not observed for the
effect of cognitive empathy on behavioral empathy. This could be
because cognitive empathy may operate through cognitive
processes less sensitive to variations in emotional experiences
such as guilt. Thus, cognitive empathy may exert its influence on
behavioral empathy independent of mechanisms related to
emotional elevation.

Theoretical implications
This study makes several contributions to the literature on virtual
reality communication. First, it provides empirical evidence on how
virtual reality can be leveraged to enhance altruistic communication.
Previous research has not extensively examined how virtual reality
can enhance communication within virtual environments (Leong,
2011; Reychav & Wu, 2015). Given that charity organizations across
the globe are increasingly utilizing virtual reality to raise awareness
about social issues and inspire charitable actions to address these
issues, it is of paramount importance to develop an understanding
of the mechanisms by which virtual reality can inspire helping
behavior. The findings of this study indicate that cognitive
absorption enhances behavioral empathy as it enhances cognitive
engagement, cognitive empathy, emotional engagement, and emo-
tional empathy. These, in turn, enhance behavioral empathy.

Secondly, drawing upon the cognitive absorption theory and
the empathy-altruism theory, this research demonstrates the
indirect effect of cognitive absorption through engagement and
empathy in shaping VR-mediated altruistic communication. It
shows that, triggered by cognitive absorption, engagement can
shape empathy. Despite the prominence of cognitive absorption
in VR and the primacy of empathy in altruism, extant research
had not done much to examine the interplay of cognitive
absorption, engagement and empathy in virtual reality-mediated
altruistic communication. Noteworthy is the finding that cogni-
tive engagement affects emotional empathy, whereas emotional
empathy does not significantly impact cognitive engagement.
This finding supports prior research, which found that cognitive
perceptions of stimuli affect emotional responses, which in turn
shape behavioral responses (Pachankis, 2007).

Thirdly, this study shows the important role of guilt in shaping
altruism driven by motivators from virtual environments. Prior
research had largely examined the role of guilt in shaping helping
behavior in offline contexts, where individuals come into direct
contact with the situations arousing their altruistic behaviors (De

Table 5 Independent variable importance.

Independent variable Importance (R2) Normalized importance

Cognitive absorption 0.071 0.184
Cognitive empathy 0.083 0.215
Emotional empathy 0.387 1
Focused attention 0.301 0.779
Amusement 0.121 0.313
Guilt 0.035 0.092
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Luca et al., 2016; Shipley & van Riper, 2022). This study
demonstrates that although virtual environments often reduce
accountability due to the emphasis on user anonymity, the con-
tent users encounter can evoke feelings of guilt, enhancing their
behavioral empathy, particularly for those who experience emo-
tional empathy. The findings also indicate that while users
experiencing cognitive empathy may feel guilt, they are less likely
to engage in altruistic behaviors than those experiencing emo-
tional empathy.

Practical implications
This study provides several practical implications for practitioners
in virtual reality communication. Non-profit organizations are often
faced with challenges to promote the involvement of well-wishers in
the social issues they advance. This study shows that on top of the
usual media used by non-profit organizations to create an under-
standing of social issues, such as television, radio, social media, and
posters, virtual reality is a powerful tool for educating people about
altruism and stimulating behavioral action to alleviate the societal
problems that they aim to alleviate. The findings also highlight the
importance of engagement in ensuring the effectiveness of virtual
reality communication. Engagement can enhance empathy, which
is crucial for ensuring the success of altruism. Consequently,
managers should create virtual reality experiences specifically
designed to engage users both cognitively and emotionally. The
findings indicate that cognitive absorption can boost user engage-
ment in virtual reality. Therefore, virtual reality practitioners can
implement strategies to enhance cognitive absorption, ensuring that
users remain engaged throughout the virtual reality experience.

Although this research was conducted in the altruism context, its
findings also provide valuable insights for implementing VR in
other contexts such as educational and therapeutic settings, where
altruism is increasingly being emphasised (Jeon et al., 2024; Bolinski
et al., 2021). In education, VR offers a unique opportunity to foster
empathy, social responsibility, and prosocial behavior by immersing
students in emotionally and cognitively engaging simulations. Our
findings suggest that, unlike traditional media, VR can enable stu-
dents to actively experience others’ perspectives, such as historical
figures, marginalized communities, or ethical dilemmas. This can
enhance both cognitive and emotional empathy, which can drive
behavioral change. Educators can design VR modules that stimulate
focused attention, curiosity, and enjoyment to maximize engage-
ment and encourage students to apply learned empathy in real-
world actions, such as collaborative projects or community service.
Additionally, the study’s finding that guilt amplifies the impact of
emotional empathy on behavior suggests that carefully crafted VR
scenarios portraying moral dilemmas may ethically harness mild
feelings of guilt to motivate social action, though this must be
balanced to avoid emotional overload.

In therapeutic contexts, VR can be a powerful tool for enhancing
emotional and cognitive empathy in clients facing social, emotional,
or behavioral challenges. Therapists can use immersive VR sce-
narios to help clients practice perspective-taking, emotional reg-
ulation, or reparative actions, especially in treatments for problems
such as social anxiety or moral injury. By designing interactive and
emotionally resonant VR experiences that promote cognitive
absorption, therapists can strengthen clients’ capacity for empathy-
driven behavioral change. Moreover, the ranking of predictors from
the ANN analysis highlights emotional empathy, focused attention,
and amusement as key drivers of behavioral empathy. This offers
concrete design priorities for both educational and therapeutic VR
applications. Practitioners should emphasize creating emotionally
compelling, interactive, and curiosity-driven environments to
ensure that VR interventions in such settings produce meaningful
and sustained empathetic outcomes.

Limitations and directions for future research
This research has several limitations. First, it relied on cross-
sectional data, thus it could not examine how behavioral empathy
develops over time after exposure to VR content. In addition,
prior research has argued that cross-sectional data can entail
compromised centrality hypotheses, and results from such studies
should be considered with cautiously (Veneziani et al., 2024).
Future research should therefore consider examining this model
using longitudinal approaches.

Secondly, this research’s Delphi and F-DEMATEL methods
relied on data collected from individuals working for the same
organization. This was so due to this organization’s prominence
in altruistic communication in Taiwan, where the study was
conducted. However, this could potentially increase homogeneity
in the views of the respondents due to common positions, goals
and organisational culture. This study attempted to reduce these
biases by ensuring the anonymity of the participants. Future
research could address this potential bias further by using data
collected from experts working in different organizations.

Another limitation is the use of a large and complex model
integrating multiple constructs and pathways. While this com-
prehensive approach allowed for a detailed examination of the
mechanisms driving behavioral empathy, testing a large model
increases the risk of overfitting and may reduce the general-
izability of the findings (Bentler & Chou, 1987). Future research
should consider testing more parsimonious models or using
cross-validation techniques across different samples to confirm
the robustness and stability of the observed relationships.

Fourth, this study used self-reported items to measure the con-
structs of the study. However, self-reported measures are susceptible
to social desirability bias, potentially limiting the reliability of the
results. Future studies could therefore use observational techniques
to ensure more accurate measurement of the variables of interest.
Another limitation concerns the use of structural equation modeling
(SEM), which, while powerful for testing hypothesized relationships
among variables, remains fundamentally correlational and cannot
establish causality (Antonakis, et al., 2010; Bollen & Pearl, 2013).
Although the proposed model was theoretically grounded and
supported by prior empirical work, the observed associations
between cognitive absorption, engagement, empathy, guilt, and
behavioral empathy should be interpreted with caution, as SEM
cannot definitively determine directional or causal effects. Future
research could strengthen causal inferences by incorporating long-
itudinal or experimental designs, which would allow for clearer
identification of temporal and causal pathways among these con-
structs. Finally, the data was collected from respondents based in
one country, which is Taiwan. This could potentially limit the
generalizability of findings, as technology usage dynamics differ
depending on context. Future research could therefore examine the
model using data collected from other contexts.

Data availability
All data generated or analyzed in this study have been incor-
poratedinto both the manuscript and the supplementary files.
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