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Abstract

The use of virtual reality (VR) as a persuasive
technology has gained research attention. However,
few empirical research has been conducted to explain
how persuasive systems design (PSD) features and
user experience features affect users’ continuance
intention to use VR to exercise. This study aimed to
examine the factors that influence continuance
intention to use VR to exercise. A VR exercise
environment was developed, and quantitative data was
collected from 118 users post-exercise. Results of the
partial least squares structural equation modeling
analysis  showed that perceived-  enjoyment,
effectiveness, and persuasiveness  significantly
influenced continuance intention. However, perceived
effectiveness had the strongest impact. The exogenous
driver constructs (primary task support, dialogue
support,  credibility  support, and  perceived
immersion) also significantly influenced continuance
intention. These findings highlight how the association
between user experience and PSD features may be
considered in the development of VR exercise systems
to improve adoption and compliance.

Keywords: Persuasive technology, physical activity
virtual reality, continuance intention, compliance.

1. Introduction

Despite the increased purchase rate of persuasive
technologies/systems, including commercial health
and fitness equipment and apps (Wadhwani &
Loomba, 2022), more than 25% of the world’s adult
population is physically inactive (Guthold et al.,
2018). Individuals' continuous wuse of these
technologies/systems after adoption often lasts for an
average of three months (Cho, 2016). This lack of
long-term use affects the effectiveness of these
technologies. Particularly, in terms of improved
positive health outcomes, health behavior change, and
discontinued development and improvement of these
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technologies/systems (Higgins, 2016). Thus, the
success of these technologies/systems relies on the
user’s continuous use. It is imperative to examine the
factors that influence the continuance use intention of
these technologies. Recent studies on persuasive
technologies/systems have focused mostly on the
continuance use intention of health and fitness apps.
Perhaps, this is because health and fitness apps are the
predominant and cost-effective implementations of
persuasive technologies/systems that change human
health behavior and outcomes (Wiafe & Nakata,
2012). Virtual reality (VR) as a form of persuasive
technology is beginning to arouse extensive research
interest among researchers and practitioners (Chow et
al., 2017; Wang et al., 2023). It offers a promising
environment for promoting physical activity and
behavior change while reducing the chances of
sustaining injuries in the physical world (Chow et al.,
2017). Compared to non-VR systems such as peloton
bikes and conventional persuasive systems such as
health and fitness apps, a persuasive VR environment
stimulates a sense of presence and immersion that has
a positive impact on the user's physiological,
psychological, and rehabilitative outcomes (Qian et
al., 2020). Yet, the continuance intention to use a
persuasive VR enviornment to exercise has been less
explored.

Prior studies have applied different technology-
related models and frameworks such as perceived
value theory (Yang & Han, 2021), sports commitment
model and theory of planned behavior (Jeng et al.,
2020), self-awareness theory and presence (Hooi &
Cho, 2017), and hedonic-motivation system
acceptance model (Kari & Kosa, 2023) to examine
users’ continuance intention of VR. However, these
studies have not considered VR as a form of
persuasive technology/system. Also, research that
explores how the fusion of persuasive features with
immersive technologies affects users’ continuance
intention to use VR to exercise is inadequate. User
experience (UX) refers to individual’s perceptions and
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responses resulting from how they use an interactive
product, system, or service: the way it feels (e.g.,
immersion), their understanding of how it works, how
they feel about it while using it (affective response),
how well it serves their purpose(s) (e.g. perceived
effectiveness), and how well it fits into the entire
context of use (Law et al., 2008). Specifically, this
study examines how three of the persuasive systems
design principles (i.e., primary task support, dialogue
support, and credibility support) of the persuasive
systems design (PSD) model proposed by Oinas-
Kukkonen and Harjumaa (2009) influence perceived;
immersion, persuasiveness, effectiveness, enjoyment,
and continuance intention to use VR to exercise. The
PSD model has been used by previous studies
(Sengupta & Williams, 2021; Wiafe et al., 2022) as a
theoretical framework to understand continuance
intention to use various forms of persuasive systems.
The empirically tested features of this model therefore
offer the possibility for an immersive VR environment
to leverage.

The rest of the paper is structured as follows. First,
the theoretical foundations for the development of the
hypotheses are presented, followed by a description of
the VR environment, the survey instruments, and data
analysis. Then a discussion of the results, limitations
of the study, and the conclusions.

2. Theoretical background and research
model

The artifact under study is a persuasive VR
environment for exercising. Although the nature of
VR is different from that of traditional persuasive
systems, VR is considered a form of information
system (Verhagen et al., 2009). Although there are
several models for designing and evaluating
persuasive technology/systems (Wiafe et al., 2014),
this study adopts the PSD model by Oinas-Kukkonen
and Harjumaa (2009). The PSD model comprises 4
principles namely, primary task support, dialogue
support, credibility support, and social support. In this
study, these principles apart from social support will
form the basis for the model development. Social
support was not measured because the environment
was not developed to facilitate it. Other constructs to
be examined will include constructs related to UX and
immersive virtual technologies.

Previous research in persuasive systems research
has established these constructs (i.e., primary task
support, dialogue support, credibility support,
perceived effectiveness, and perceived
persuasiveness) as determinants of continuance
intention (Lehto & Oinas-Kukkonen, 2015; Wiafe et
al., 2022). In immersive VR, perceived enjoyment and

perceived immersion have been found to play key
roles in continuance intention (Hooi & Cho, 2017;
Wienrich et al.,, 2021). Yet, they have not been
examined as determinants of a user's continuance
intention to exercise in a VR environment in a specific
context. The proposed research model is presented in
Figure 1. The relationships between the constructs are
assumed to be positive. They are mainly developed on
the assumption that interactions and human behavior
in VR environments tend to imitate real-world
situations (Menck et al., 2023).

ENJO
p

Hda Hsa

PRIM Hla « IMME H4b + EFFE H5b ¢ CONI
H2a Hlb Hdc Hsc

DIAL H2b ¢ PEPE
CRED

Figure 1. Proposed structural model (PRIM =
primary task support, DIAL = dialogue support, CRED
= credibility support, IMME = perceived immersion,
ENJO = perceived enjoyment, EFFE = perceived
effectiveness, PEPE = perceived persuasiveness,
CONT = continuance intention).

Primary task support features assist the individual
in completing the primary task by reducing the
cognitive load associated with the usage of the system
or the activity of interest. The presence of primary task
support features in a persuasive VR environment has
the potential to produce emotions that can cognitively
engage the users and draw them into a state of mental
absorption (Flavian et al., 2019). VR provides an
environment where the users feel engaged and
immersed in the activity of interest. By reducing the
effort required to complete a task or navigate the
persuasive system/environment, users should find it
easier to experience immersion and cognitive
absorption (Shevchuk et al., 2019). Extant literature
posits that the cognitive motivation from primary task
support influences the immersive experience in
augmented reality technologies for learning (Georgiou
& Kyza, 2018). Since augmented reality is an
extension of VR (Flavidn et al., 2019), it is logical to
hypothesize that a similar relationship will hold in VR.
Hence, it is hypothesized that:

Hla: Primary task support will influence
perceived immersion in a persuasive VR environment
for exercising.

Prior studies (Shevchuk et al., 2019; Wiafe et al.,
2022) on different application domains of persuasive
systems including persuasive games and social
networking sites have established that the perceived
persuasiveness of a system or an environment is
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positively influenced by the perceived presence of
primary task support. Hence, it is hypothesized that:

HIib: Primary task support will influence
perceived persuasiveness in a persuasive VR
environment for exercising.

Dialogue support features (e.g., social role, praise,
rewards) reinforce interactions between users and the
systems by providing feedback and motivation (Oinas-
Kukkonen & Harjumaa, 2009). VR enhances these
features as it provides increased levels of visual and
auditory feedback (Qian et al., 2020). For instance, the
use of virtual avatars in VR is more influential in
improving motivation, enjoyment, and engagement
during exercise (Mouatt et al, 2020). Virtual
avatars/agents and immersion are the most prominent
VR strategies (Mouatt et al., 2020). The higher the
similarity between the embodiment of the virtual
avatar and the users' exercise performance, the higher
the levels of engagement and immersion (Wienrich et
al., 2021). Thus, it is hypothesized that:

H2a: Dialogue support will influence perceived
immersion in a persuasive VR environment for
exercising.

Similar to primary task support, prior studies on
different application domains of persuasive systems
have established that the perceived persuasiveness of
a system or an environment is positively influenced by
the perceived presence of dialogue support (Shevchuk
et al., 2019; Wiafe et al., 2022). Dialogue support has
also been shown to influence the perceived
persuasiveness of a persuasive virtual health coaching
system (Lehto et al, 2012). Since the working
mechanisms of these systems are similar to the VR
environment under study in terms of persuasive
features, this study hypothesizes that:

H2b: Dialogue support will influence perceived
persuasiveness in a persuasive VR environment for
exercising.

Users’ favorable impression of a persuasive
system is dependent on the degree to which they
believe that the information provided by the system is
trustworthy and reliable. Credibility support has been
shown to  positively influence  perceived
persuasiveness in a persuasive virtual health coaching
system (Lehto et al., 2012). Hence, it is hypothesized
that:

H3: Credibility support will influence perceived
persuasiveness in a persuasive VR environment for
exercising.

Perceived immersion is the extent to which
individuals feel engaged in relation to the sensory
stimulations within the VR environment (Wienrich et
al., 2021). It represents the subjective experience of
users who perceive themselves to be completely
present in a virtual world, thereby losing their

consciousness of the real world as well as their sense
of time (Shin, 2018). In a VR environment, immersion
has been shown to influence enjoyment (Leveau &
Camus, 2023), particularly during exercise (Mouatt et
al., 2020). Similarly, the psychological immersion
resulting from the virtual experience positively
influences the users' behavioral intention (Leveau &
Camus, 2023). In a virtual health coaching system, the
user’s behavioral intention was shown to be influenced
by the perceived persuasiveness of the system (Lehto
et al., 2012). If perceived immersion and perceived
persuasiveness influence behavioral intention, then it
is logical to posit that the immersive experience will
lead to favorable impressions of the environment.

The relationship between perceived immersion
and perceived effectiveness has not been largely
explored in persuasive systems. However, Spence
Laschinger et al.'s (2009) study found a relationship
between engagement, one of the three levels of
psychological immersion (alongside absorption, and
total immersion) and perceived effectiveness. It is
envisaged that users of a VR environment may
experience any of the three levels of immersion and
this may influence their perception regarding the
efficacy of the environment to improve their exercise
behavior (perceived effectiveness). Hence, this study
hypothesizes the following:

H4a: Perceived immersion will influence
perceived enjoyment in a persuasive VR environment
for exercising.

H4b:  Perceived immersion will influence
perceived  effectiveness in a persuasive VR
environment for exercising.

H4c: Perceived immersion will influence
perceived persuasiveness in a persuasive VR
environment for exercising.

Extant literature posits that VR provides hedonic
user experiences that generate affective responses and
affects such as enjoyment (Marasco et al., 2018). The
affective response generated by the environment
positively influences users' behavioral intentions
(Leveau & Camus, 2023). Studies have shown that
perceived enjoyment has a positive influence on the
continuance use of VR (Méntyméki & Islam, 2014).
Hence, it is hypothesized that:

H5a: Perceived enjoyment will influence
continuance intention to exercise in a persuasive VR
environment.

Perceived  effectiveness and  perceived
persuasiveness are established determinants of
continuance intention to use different forms of
persuasive systems/technologies and academic social
networking sites (Lehto & Oinas-Kukkonen, 2015;
Wiafe et al.,, 2022). Perceived effectiveness is the
extent to which users perceive the VR environment to
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be useful to them in performing their primary task
(e.g., exercise). While perceived persuasiveness refers
to an individual’s favorable impression of the VR
environment. Since VR is an imitation of the real
world, it is logical to posit that the established
relationships found in prior studies on persuasive
systems conducted in the real world will hold in a
virtual world. Hence, it is hypothesized that:

H5b: Perceived effectiveness will influence
continuance intention to exercise in a persuasive VR
environment.

H5c: Perceived persuasiveness will influence
continuance intention to exercise in a persuasive VR
environment.

3. Methods and materials
3.1. Study context

An immersive VR environment was developed
using Blender and Unity3D software. PSD and UX
features were incorporated into the environment to
enhance the presence and(or) perceptions of the
constructs to be measured. Table 1 provides example
implementations of these features.

Table 1:Example implementation of system
features in the VR environment
Constructs Features: Example Implementation
Primary task | Self-monitoring: Participants could see their

support performance and elapsed time of exercise.
Dialogue Praise: automated short phrases
support complimenting the participant for reaching

certain points along the walkway.

Similarity: Metaphors that represented real-
world scenarios and a familiar sidewalk within
the University campus from which the study
participants were drawn.

Credibility Surface credibility: A visually aesthetic
support environment with realistic elements.

Perceived Realistic interactions, visually aesthetic
immersion textures, and realistic elements such as vehicle

horns, wind effects, and sound frictions from
trees were encapsulated within  the
environment to enhance perceptions of

immersion.

Perceived Realistic interactions such as avatars and

enjoyment passers-by comments were implanted within
the environment to enhance perceptions of
enjoyment.

Perceived Visual indicators that showed participants the

effectiveness effect of the fast or slow arm swinging using
the controllers were intended to enhance the
participant's perception of the usefulness of the
environment in relation to the primary task.

Perceived Incorporating several persuasive features into

persuasivenes | the persuasive VR environment was intended

s to enhance the participant's favorable
impression of the environment.

Continuance In addition to the implemented features, the

intention environment was user-friendly and easy to
navigate.

The environment replicated a sidewalk structure
within the University campus from which the study
participants were drawn. It covered a walking distance
of 1.5km to 2km (see Figure 2). Surrounding
buildings, landmarks, roadways, trees, and other
embodiments of the sidewalk in the real world were
replicated in the VR environment to create a sense of
familiarity. The environment was purposely built to
afford three PSD system principles. This may not be
present in existing VR games. Also, to ensure that
participants are not affected by confounding variables
of the hypothetical environments used in VR games,
we developed an environment that is familiar to them.
Realistic elements such as vehicle horns, wind effects,
and sound frictions from trees were encapsulated
within the environment to enhance the immersive
experience in addition to the head-mounted Oculus
Quest 2 headset. A visually aesthetic environment
with realistic elements that replicated a frequently
used sidewalk by the study participants in the real
world was also implemented to increase perceptions of
surface credibility. Visual aesthetics influences users’
evaluation of the credibility of persuasive systems
(Ramirez-Correa et al., 2018).

Figure 2: A snippet of the sidewalk in VR

The primary task was a gamified exercise that
required participants to complete the specified side-
walk in less than 20 minutes. Virtual locomotion was
achieved by using a pair of headset controllers. That
is, by applying a firm grip on the left and right
controllers, participants will find themselves moving
in the VR environment as they swing their entire arm
in a back-and-forth motion following an arm rotation
like a pendulum. While participants were not restricted
from moving their legs, most of them naturally moved
their legs in sync with their arm swings. Subtle
obstacles in the form of realistic interactions were
implanted within the game as avatars and passers-by
comments. The avatars had a rigid-body feature
attached to them which stopped the walking
participants in their tracks. Thus, allowing participants
to physically maneuver through them using natural
gestures and movements. The passerby comments
were intended to make the participants pause in their
tracks to identify who made the comments. The
environment facilitated self-monitoring, displaying
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time-elapsed as well as remaining distance, and
enabling participants to monitor their progress.
Participants could see the elapsed time of activity and
the walking distance yet to be covered. Encouraging
phrases such as “You are doing great!” and “You are
almost there!” were directed toward participants when
they reached checkpoints along the sidewalk.

The arm swinging using the hand controllers was
calibrated such that, the faster a participant swings the
arm, their virtual locomotion switched from walking
to jogging. And the slower they swing their physical
arm; their virtual locomotion replicates slow walking.
The physical arm swinging using the controllers
served as a form of exercise within the virtual setup.
An exercise session was completed when the
participant finished walking down the stretch of the
road.

The entire experiment took approximately 30
days to complete with each participant experiment’s
session taking approximately 40 minutes. Ten minutes
were for introduction and familiarization with the
headset as well as to identify any phobia related to
using the headset, and 20 to 30 minutes was used for
the gamified exercise and for responding to the post-
experimental questionnaire.

3.2. Data collection and participants

The experiment was set up in a lab located on the
premises of the University. Invitations for voluntary
participation were distributed to both students and
faculty using the university’s mailing list. Upon
arrival, participants provided verbal consent to partake
in the experiment. Before commencing the
experiment, participants completed a  pre-
experimental questionnaire, which captured their
demographics, level of physical activity, and
experience with VR. Capturing this information
upfront enabled the post-experimental questionnaire to
focus solely on their experience within the VR
environment. Regardless of their experience with VR,
each participant was made to have a 5-10-minute
exposure to the virtual space using the Oculus Quest 2
headset. They navigated within a pre-installed roller-
coaster game available on the meta-store. Afterward,
participants were given some minutes to relax before
partaking in the actual experiment. After completing
the exercise, participants filled out a post-experimental
questionnaire in the lab. Google Forms was used to
design the questionnaire and it measured the
constructs hypothesized for this study using a 5-point
Likert scale. Question items for the constructs were
adopted from prior studies and rephrased to suit the
context of this study (refer to Table 3).

At the end of 30 days, 118 individuals had
participated in the experiment. Over 99% (n = 117) of
the study participants were undergraduate students
aged between 18 and 34 years old, while 76.27% (n =
90) were males. Only 39.83% of the study participants
completed the specified sidewalk in less than 20
minutes. Table 2 provides a summary of the
participant's demographics.

Table 2: Demographics of study participants

Demographics Value Counts (%)
Sex Male 90 (76.27)
Female 28 (23.73)
Age Below 18 1(0.85)
18 t0 24 113 (95.76)
25 to 39 3(2.54)
40 to 59 1(0.85)
Education Status Undergraduate 117 (99.15)
Postgraduate 1 (0.85)
Exercise frequency Everyday 22 (18.64)

5-6 days/week 5(4.24)
3-4 days/week 21 (17.80)
2 days/week 23 (19.49)
Once a week 15 (12.71)
2-3 days/month | 6 (5.08)
Once in amonth | 13 (11.02)

None 13 (11.02)
Have you heard of VR | Yes 109 (92.37)
before? No 9 (7.63)
Have you ever experienced | Yes 90 (76.27)
a VR environment? No 28 (23.73)
Do you have any | Yes 0(0)
medical/health  condition | No 118 (100)
associated with the use of a
head-mounted display?
Completed walking | Yes 47 (39.83)
distance between 18 to 20 | No 71 (60.17)
minutes

4. Data analysis and results

This study used the partial least squares structural
equation modeling (PLS-SEM) to examine the
relationships between the constructs in the proposed
research model. Both the measurement model and the
structural model were assessed using relevant
threshold values specified by Fornell and Larcker
(1981) and Hair et al. (2022). The SEMinR library in
R programming language was used.

4.1. Assessment of the measurement model

To verify how much of each indicator’s variance
is explained by its construct, the indicator loadings
were examined by a threshold value greater than or
equal to 0.7. The loadings ranged between 0.746 and
0.926, indicating acceptable indicator loadings (see
Table 3).

Table 3. Question items and indicator Ioadings_‘

|C0nstructs | Question items | Loads
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The VRE provides me with the support | 0.802
I need to complete my exercise task.

PRIM The VRE makes it easier for me to | 0.854
(Wiafe et .
al., 2022) exercise.
” The VRE provides the space for me to | 0.746
exercise.
The VRE provides me with | 0.820
DIAL motivational support when exercising.
(Wiafe et The VRE praises me for exercising. 0.894

al., 2022) The VRE provides me with | 0.800
appropriate feedback when exercising.

CRED I find the VRE to be trustworthy. 0.842
(Wiafe et 1 find the VRE to be reliable. 0.902
al., 2022) I find the VRE to be credible. 0.789

IMME 1 was absorbed in the VRE. 0.800

(Leveau & Within‘the VRE, -everyday thoughts | 0.801
Camus were still on my mind.
2023)’ While in the VRE, I was unaware of | 0.796

what was happening around me.

ENJO Exercising with‘in the VRE‘ was fup _ 0.786
(Leveau & I completely enjoyed exercising within | 0.858
Camus the VRE —
2023)’ Exercising within the VRE was | 0.719
pleasurable

My chances of exercising improve by | 0.917

EFFE using the VRE.
(Wiafe et The VRE is effective for exercising. 0916
al., 2022) In my opinion, I will find exercising | 0.906
within a VRE to be helpful.

The VRE has an influence on me. 0.862

PEPE I prefer exercising in the VRE to | 0.872
(Wiafe et exercising in the real world.
al., 2022) The VRE makes me reconsider my | 0.926
exercise habits.

CONT I would prefer to use a VRE for | 0.903
(Jang & exercising.
Park, 2023; | Iintend to use a VRE to exercise inthe | 0.912
Yang & future.
Han, 2021)

VRE = virtual reality environment

Internal consistency reliability was assessed
using values of Cronbach’s alpha (CA) and composite
reliability (CR). CR and CA values are above the 0.70
threshold indicating that all constructs are reliable.
The convergent validity assessment was based on the
average variance extracted (AVE) values, and all
values were higher than the specified 0.50, indicating
high levels of convergent validity. Refer to Table 4.

Table 4. Properties of latent variable

PRIM| DIAL| CRED| IMME ENJQ EFFE| PEPE| CONT

IPRIM | 0.802

IDIAL | 0.517| 0.839

ICRED| 0.582| 0.342| 0.845

IMME| 0.427| 0.418] 0.303 | 0.799

[ENJO | 0.464| 0.385| 0.307 | 0.577 | 0.790

[EFFE | 0.653| 0.408| 0.723 | 0.324 | 0.344| 0.913

IPEPE | 0.628| 0.532| 0.558 | 0.576 | 0.501| 0.680| 0.887

ICONT| 0.606| 0.406| 0.569 | 0.326 | 0.448] 0.804| 0.689| 0.908

CA 10.724 0.788 0.802 0.719 0.703 0.900 0.864 0.786
CR_]0.844 0.877 0.882 0.841 0.832 0.938 0.917 0.903
AVE 10.643 0.704 0.715 0.638 0.624 0.834 0.787 0.824

CA = Cronbach’s alpha; CR = Composite reliability; AVE = Averag,
Variance Extracted; Bold cells = square root of AVE

The discriminant validity assessment was based
on the Fornell and Larcker (1981) criteria. As shown
in Table 4, the square root of the AVE of each
construct (bolded values in table 4) is higher than the
construct’s highest correlation with any other
constructs in the model.

4.2. Assessment of the structural model

Collinearity issues were examined using the
variance inflation factor (VIF) values. It was observed
that all VIF values were below the threshold of 3,
indicating that collinearity among predictor constructs
is not an issue in the structural model. Next, the path
coefficients (B) of the exogenous driver constructs
were examined. Refer to Figure 3.

ENJO
0.333

= IMME " EFFE CONT
PRIM  ~—0291** ) 324%% %! 5240
PRI =Sy § 7 023s < 0105 [ 0624°%%4 0.698

0266%*  0251°* 0315%e* 0.197%*

DIAL ¥ 0.186 \ PEFE

0.577

CRED

Figure 3. Structural model full path analysis (path
significance: *p < 0.05; **p < 0.01; ***p < 0.001).

It was observed that perceived effectiveness has
the strongest positive impact on continuance intention
(0.624), compared to perceived enjoyment (0.134) and
perceived persuasiveness (0.197). Also, perceived
immersion had a strong positive impact on perceived
enjoyment  (0.577) compared to perceived
effectiveness (0.324) and perceived persuasiveness
(0.312). For the path coefficients between the PSD
constructs and perceived immersion and perceived
persuasiveness, it was observed that primary task
support had a higher impact on perceived immersion
compared to dialogue support, while credibility
support had a higher impact on perceived
persuasiveness.

Most importantly, the results were examined for
statistical significance. Assuming a 5% significance
level and T statistics exceeding 1.960, it was observed
that all relationships were statistically significant. H2b
and H5a were supported at a significance level of 0.05,
Hla, H1b, H2a, H3, and H5c were supported at a
significance level of 0.01, while H4a, H4b, H4c, and
H5b were supported at a significance level of 0.001
(see Figure 3).

The effect sizes (f2) values for all combinations of
endogenous and corresponding exogenous constructs
is shown in Table 5. Based on Cohen's (1988) criteria,

Page 3532



it was observed that perceived effectiveness has a
strong effect on continuance intention. This path
appeared to be the strongest among all the established
paths in the model, with an effect size of 0.67. This
result suggests that designers of VR environments
should focus more on enhancing the user’s perception
of effectiveness as it appears to be a primary driver of
continuance intention compared to perceived
enjoyment and perceived effectiveness.
Table 5: Significance and relevance of path
coefficients.

Hypotheses Path coefficient |T- statistics | Effect sizes
B ")
PRIM—IMME 0.291 2.832 0.081
PRIM—PEPE 0.251 2475 0.078
DIAL->IMME 0.266 2.487 0.067
DIAL—-PEPE 0.186 2.279 0.055
CRED—PEPE 0.254 2.889 0.150
IMME—ENJO 0.577 7.893 0.500
IMME—EFFE 0.324 3.327 0.118
IMME—PEPE 0.312 3.744 0.176
ENJO—>CONT 0.134 2.014 0.044
EFFE—5CONT 0.624 9.107 0.672
PEPE—>CONT 0.197 2.665 0.057

Perceived immersion had a strong effect size on
perceived enjoyment (0.500), and a moderate effect
size on perceived effectiveness (0.118) and perceived
persuasiveness (0.176). For the driver constructs,
primary task support and dialogue support had a weak
effect size (f2> 0.02) on perceived immersion and
perceived persuasiveness, while credibility support
had a moderate effect size on perceived persuasiveness
(0.150). With no irrelevant effect sizes (i.e., 2< 0.02),
the model is said to have practical relevance. Figure 3
also shows that perceived immersion explained
33.3%, 10.5%, and 57.7% of the wvariance in
perceived- enjoyment, effectiveness, and
persuasiveness respectively. Whereas over half of the
variance (69.8%) in continuance intention was jointly
explained by perceived: enjoyment, effectiveness, and
immersion.

To gain an idea of the impact of the exogenous driver
constructs (e.g., PRIM, DIAL, and CRED) on the
outcome constructs (e.g., CONT), Hair et al. (2022)
suggest an examination of the total effects. As shown
in Table 6, PRIM has the strongest total effect on
CONT (0.149), followed by DIAL (0.127), and CRED
(0.050). This indicates that researchers and designers
of VR environments for exercising should pay more
attention to enhancing primary task support features as
they have a positive impact on the user’s perception of
immersion and continuance intention.

Table 6: Total effects of exogenous constructs

Paths Path coefficient () T- statistics
PRIM— IMME 0.291 2.832
PRIM— ENJO 0.168 2.452
PRIM— EFFE 0.094 1.714

PRIM— PEPE 0.342 3.722
PRIM— CONT 0.149 2.897
DIAL— IMME 0.266 2.487
DIAL— ENJO 0.153 2.198
DIAL— EFFE 0.086 1.936
DIAL— PEPE 0.269 3.462
DIAL— CONT 0.127 2.892
CRED— PEPE 0.254 2.889
CRED— CONT 0.050 2.065
IMME— ENJO 0.577 7.893
IMME— EFFE 0.324 3.327
IMME— PEPE 0.312 3.744
IMME— CONT 0.341 4.408
ENJO— CONT 0.134 2.014
EFFE— CONT 0.624 9.107
PEPE— CONT 0.197 2.665

5. Discussion and implication of findings

This study developed an immersive and
persuasive VR environment and proposed a structural
model to examine users’ continuance intention to
exercise in a VR environment. The model was an
integration of selected constructs from the PSD model
and UX with immersive technologies. Specifically,
this study investigated the relationship among primary
task support, dialogue support, credibility support,
perceived- immersion, persuasiveness, effectiveness,
enjoyment, and continuance intention. The results of
the study provided support for all the proposed
hypotheses. Thus, providing researchers and
practitioners with a better understanding of what
factors determine the continuance intention to exercise
in a persuasive VR environment. Within the scope of
persuasive systems/technologies research, the findings
from this study corroborate with prior studies related
to other forms of these systems/technologies. This is a
point of fact that VR as a form of persuasive
technology effectively imitates real-world situations.

The results indicate that primary task support,
dialogue support, and credibility had a statistically
significant influence on perceived persuasiveness.
These findings are similar to prior studies (Ekpezu et
al., 2023; Shevchuk et al., 2019; Wiafe et al., 2022) on
other forms of persuasive systems. The VR
environments’ capability to (i) reduce the user’s effort
of completing the primary task (i.e., exercise), (ii)
facilitate computer-human dialog, and (iii) provide a
reliable and credible interface creates a favorable
impression of the environment.

Whereas the influence of primary task support
and dialogue support on perceived immersion has not
been largely explored in persuasive systems research,
this study established a statistically significant
influence of these constructs on the perceived
immersive experience of the users. This indicates that
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the presence of primary task support and dialogue
support features in the VR environment effectively
assisted the users in accomplishing the primary task
(exercising) by providing clear instructions, intuitive
environments, visual cues, relevant feedback, and
encouragement. Particularly, the provision of dialogue
support significantly enhances satisfaction and
enjoyment (Alhammad et al., 2021). A well-designed
VR environment with a higher degree of primary task
support and dialogue support can create a higher
degree of absorption, engagement, and immersion for
the user. This notion has been confirmed by
(Nutrokpor et al., 2021). Regardless, attention must be
given to enhancing primary task support features as
they tend to have a higher impact on perceived
immersion compared to dialogue support (see Table
3).

Similar to prior studies (Leveau & Camus, 2023;
Mouatt et al., 2020), findings from this study show that
greater levels of immersion can enhance users’
enjoyment of the VR environment. As posited in prior
studies (e.g., (Kari & Kosa, 2023)), this study affirms
that the relationship between immersion and
enjoyment may be associated with deep physical and
mental involvement in the primary task which causes
users to lose track of time and forget unrelated events.
Perceived immersion was also observed to have a
statistically significant influence on perceived
effectiveness and perceived persuasiveness. This
shows that when users feel cognitively absorbed and
engaged within the VR environment, they are more
likely to perceive the environment to be capable of
fulfilling their intended goals. Similarly, heightened
levels of immersion can also lead to favorable
impressions about the environment.

In prior VR studies, continuance intention has
been significantly predicted by factors such as
perceived usefulness, satisfaction, and enjoyment
(Méntymaki & Islam, 2014); presence and enjoyment
(Jang & Park, 2023); and utilitarian and hedonic
values (Yang & Han, 2021). In this study, continuance
intention was directly predicted by perceived
enjoyment, perceived effectiveness, and perceived
persuasiveness. While perceived enjoyment may be
considered a primary driver of continuance intention
due to its commonality among prior studies and this
study, findings from this study showed that perceived
effectiveness is a stronger predictor of continuance
intention, followed by perceived persuasiveness, and
then perceived enjoyment. Perhaps, when it has to do
with exercising as a primary task within the VR
environment, users are more interested in the ability of
the environment to enable them to achieve their goals
as well as their favorable impression of the influence
of the environment on them, and least interested in the

pleasure derived from the environment. As observed
in the results (see Table 5), perceived enjoyment had a
weak effect on continuance intention with an effect
size of 0.044 compared to the 0.657 effect size of
perceived effectiveness. Perceived effectiveness was
predicted by the user’s perception of immersion in the
environment, and this was predicted by primary task
support and dialogue support. In conventional
persuasive systems such as web-based systems for
weight management (Lehto & Oinas-Kukkonen,
2015), virtual health coaching systems (Lehto et al.,
2012), and academic social networking sites (Wiafe et
al.,, 2022), perceived persuasiveness has been
predominantly predicted by primary task support,
dialogue support, and credibility support. Findings
from this study show that in the presence of these three
PSD features, perceived immersion is a stronger
predictor of perceived persuasiveness in VR
environments. As shown in Figure 3, primary task
support, dialogue support, credibility support, and
perceived immersion conjointly accounted for over
50% of the variance in perceived persuasiveness.

This study contributes to the growing body of
research on persuasive systems/technologies by
providing a theoretical framework for understanding
the determinants of continuance intention to exercise
in a VR environment. The findings suggest that
designers of VR exercise systems should focus on
creating systems that are perceived as enjoyable,
effective, and persuasive, with more emphasis on
perceived effectiveness. Positive perceptions of the
efficacy of the VR environment to improve exercise
behavior play a crucial role in boosting user's
confidence in their ability to successfully perform and
achieve physical activity goals. The study highlights
the importance of PSD constructs in creating favorable
impressions of the environment. By considering these
factors, designers can create VR exercise systems that
are more likely to be adopted and used over time,
potentially leading to improved physical activity
adherence and outcomes.

6. Conclusion and future work

This study shows the relevance of the PSD
constructs as base factors that influence the users’
perceptions of their experience within the VR
environment and how this influences their continuance
intention. However, it is important to consider other
factors such as the social support principle (of the PSD
framework) on user experience and continuance
intention to exercise within the VR environment.
Attention should also be given to the compliance
behavior of users within the VR environment. This is
because prior studies (e.g., (Yang et al., 2020)) have
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used compliance as a measure of continuance
intention. Furthermore, the proposed model should be
tested on a larger population and explore the impact of
individual differences such as age, gender, and fitness
levels.
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