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ABSTRACT The monotony of movements makes frozen shoulder rehabilitation an boring task for certain
patients. This study posits that gamification and the presence of others can effectively address this issue.
Accordingly, we developed a virtual reality (VR) application for frozen shoulder rehabilitation exercises
and empirically examined the effects of gamification and the presence of others on rehabilitation duration.
A user study on 32 subjects revealed that the integration of game elements into a VR rehabilitation program
significantly prolonged the rehabilitation duration (p < 0.001, d = 0.983). Additionally, the rehabilitation
duration was considerably longer when participants performed the rehabilitation program with others
(p < 0.05, d = 0.455).

INDEX TERMS Communication, gamification, rehabilitation, virtual reality.

I. INTRODUCTION
Continuous rehabilitation is indispensable to restore motor
functions impaired by illnesses and lead an unhindered
life. If participants fail to sustain rehabilitation programs,
their physical capabilities will not fully recover despite
access to a therapeutic environment. Therefore, motivating
patients to sustain their rehabilitation is crucial to successful
rehabilitation [1].

Despite the importance of rehabilitation in restoring phys-
ical function, patients often find the process monotonous
because it entails performing repetitive movements over a
long duration [2]. Consequently, it is difficult for certain
patients to complete rehabilitation programs.

For example, the rehabilitation of frozen shoulder, which
is accompanied by shoulder pain owing to the joint cap-
sule stiffness, is relatively monotonous and requires several
months of continuous rehabilitation [3]. With a worldwide
incidence of 2% to 5% [4], [5], [6], frozen shoulder is highly
prevalent. Most patients experience its onset between 40 and
60 years [7]. Given the aging population in many countries,
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the incidence of frozen shoulder is expected to increase [8].
Therefore, it is necessary to determine the factors of the
rehabilitation environment that enable patients with frozen
shoulder to sustain their rehabilitation.

Gamification [9], [10] and the presence of others [11] are
recognized as effective strategies for promoting task adher-
ence. We postulate that applying these techniques to frozen
shoulder rehabilitation can improve patients’ motivation to
continue rehabilitation. Virtual reality (VR) technology has
recently gained popularity, and various VR-based rehabili-
tation methods have been proposed and implemented [12],
[13], [14]. There are three reasons for using VR in our study.
First, immersive VR rehabilitation is more effective in restor-
ing motor function than rehabilitation using conventional
displays [15]. Second, because VR rehabilitation creates a
stronger sense of the presence of others [16], involving other
patients through the multiplayer mode in VR rehabilitation
can significantly impact the continuation of rehabilitation.
Finally, VR technology offers patients a time-compression
effect that allows patients to complete tedious or painful
treatments in a shorter perceived time [17], [18].

However, previous studies applying gamification to
frozen shoulder rehabilitation [19], [20] have not reported
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rehabilitation continuation quantitatively, leaving the extent
to which gamification mitigates boredom during rehabilita-
tion unclear. Additionally, no previous studies have explored
the impact of the presence of others during rehabilitation.

Therefore, this study investigated the effects of incorporat-
ing game and multiplayer elements into a VR rehabilitation
system for frozen shoulders. We used healthy participants
as test subjects before experimenting on frozen shoulder
patients.

II. RELATED WORK
A. FROZEN SHOULDER
Frozen shoulders are divided into four consecutive stages
based on the symptoms [21]. During Stage 1, patients may
experience mild shoulder pain. In Stage 2, or the freezing
stage, patients experience severe shoulder pain and limited
range of motion. In Stage 3, or the frozen stage, shoulder
pain is somewhat alleviated, but the range of motion remains
restricted. Finally, in Stage 4, or the thawing stage, shoulder
pain almost subsides, and the range of motion is almost
entirely recovered. Patients with frozen shoulders must
receive appropriate treatment at each stage. In Stage 2, exer-
cise therapy is not recommended owing to severe shoulder
pain. Instead, treatment primarily involves compression and
analgesics. Exercise therapy is introduced at Stages 3 and 4.

This study focused on one of the rehabilitation exer-
cises called the ‘‘table-reach exercise,’’ adopted in treating
Stages 3 and 4. The exercise involves placing both hands on
a towel laid on a table and moving them back and forth in a
straight posture to increase the range of motion (Fig. 1). The
patient repeats pushing both hands forward slowly, as long
as it does not cause pain in the shoulder. However, the
monotonous nature of the exercise makes it difficult for some
patients to maintain their motivation. In the following sec-
tions, we discuss the methods applied in this study to sustain
motivation during rehabilitation.

FIGURE 1. Table-reach exercise.

B. EFFECT OF GAMIFICATION ON TASK CONTINUATION
Gamification is a method that integrates game mechanics
and game dynamics to non-game platform [22]. This method
can attract users’ interest and motivate users to continue

monotonous activities. Gamification has been employed
across various domains, including business [23], [24], [25],
education [10], [26], [27], and healthcare [28], [29], [30].
Numerous studies have explored using gamification in reha-
bilitation, including stroke rehabilitation systems imple-
mented as smartphone applications [31] and rehabilitation
systems designed for patients with hand disabilities [32].
Even within the narrow domain of frozen shoulder reha-
bilitation, several gamification-based methods have been
proposed, such as a tracking system to facilitate frozen
shoulder rehabilitation [19] and a rehabilitation system using
Microsoft Kinect [20]. However, the extent to which gam-
ification mitigates boredom when performing rehabilitation
activities and its impact on the duration of rehabilitation
remains unclear.

C. EFFECTS OF THE PRESENCE OF OTHERS ON TASK
CONTINUATION
The presence of others effectively sustains user engagement
in monotonous tasks [11], and there have been various related
investigations. A study involving infants validated that the
learning outcomes of video materials were augmented when
learning alongside peers [33]. Similarly, an examination
involving adults verified that the presence of peers amplified
the learning achievements from videomaterials [34]. Another
study ascertained that participation frequency in recycling
activities increases when participants recognize the involve-
ment of others in the activities [35]. Imada et al. suggested
that the presence of others affects task endurance in virtual
environments and substantiated that the duration of English
vocabulary learning and knowledge acquisition was enriched
in a virtual environment where others’ efforts are visual-
ized [36]. We hypothesized that the utilization of the presence
of others for monotonous rehabilitation movements would
improve their duration. Previous studies have not investi-
gated the effects of the presence of others on the duration of
rehabilitation exercises. Therefore, we tested our hypotheses
experimentally.

III. USER STUDY
A. EXPERIMENT OVERVIEW
This study aimed to verify the effects of gamification and the
presence of others on frozen shoulder rehabilitation. In this
experiment, the participants performed the table-reach reha-
bilitation exercise using three VR rehabilitation contents.
The participants were instructed to sustain the rehabilitation
using eachVR rehabilitation content until they became bored.
Subsequently, the rehabilitation duration for each condition
was compared. This study was approved by the Ethics Com-
mittee in our institution (Approval No.: 22-59, Office of Envi-
ronmental Safety Management, School of Engineering and
Information Science and Technology, University of Tokyo).

B. EXPERIMENT SETUP
Fig. 2 illustrates the experimental environment. A platform
for the frozen shoulder rehabilitation experiment, which
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consists of an aluminium frame and a plastic board, is fixed
to a table. The participant sits in front of the platform
wearing a head-mounted display (HMD). Then, the partici-
pant performs the table-reach exercise by sliding the plastic
board back and forth. The trackers (Vive Tracker 3.0) are
attached to the frame and plastic board.The frame and plastic
board are attached to the trackers. The distance between the
trackers measures the extent to which the participants could
stretch their shoulder blades. The avatar’s arms in the VR
rehabilitation content movemoved according to real partic-
ipants’ movements, and the first-person perspective of the
avatar is projected onto the HMD (HTC Vive Pro Eye) with
a 1440 × 1600 pixel resolution per eye, 615 PPI, and
a 110◦ diagonal field of view at a refresh rate of 90Hz.

Hand redirection, a non-isomorphic mapping from the
hand position in real space to that in VR space [37],
is employed to realize the illusion of full- arm movement
for patients with limited mobility due to a frozen shoulder.
Specifically, let d be the maximum distance that the partici-
pant can reach from the initial position in real space,D be the
maximum length to which the plastic board can be moved on
the platform, and xreal be the distance from the initial position
in real space to the position where the participant’s hand is
located. Then, xvir , the distance from the initial position to
the avatar’s hand in virtual space, is calculated as follows:

xvir =

{ xreal
d

D (xreal ≤ d)

D (xreal >d)
(1)

The avatars were implemented in the Microsoft Rocketbox
Avatar Library.1 This selection is based on the notion that
realistic-looking avatars improve co-presence in cooperative
contexts [38], whereas avatars’ appearance does not signifi-
cantly a ffect co-presence in competitive contexts [39]. Thus,
using a realistic-looking avatar is not expected to have at least
a negative effect on coCo-presence, regardless of whether the
partner is interpreted as a competitor or collaborator in the
COMMUNICATION condition described in Section III-D3.

C. EXPERIMENT CONDITION
We recruited 32 healthy participants (22 males and
10 females) with a mean age of 24.8 (SD:5.2) through
Twitter and jikken-baito.com,2 a website for recruiting
experimental participants. The experimental design was a
within-subject experiment comparing the rehabilitation dura-
tion across three different VR rehabilitation conditions:
SIMPLE condition with simple VR rehabilitation content,
GAMIFICATION condition with added game elements, and
COMMUNICATION condition with multiplayer elements
added. To counteract any potential order effects, the order
in which the participants experienced the three rehabilitation
conditions was counterbalanced (see Appendix Table 4).
The participants were instructed to perform rehabilitation
exercises until they felt bored. If the participants did not

1https://github.com/microsoft/Microsoft-Rocketbox
2https://www.jikken-baito.com

FIGURE 2. Experimental environment. Participants perform rehabilitation
movements by moving the board on the slider back and forth. The board’s
moving distance is calculated from the trackers mounted on the board
and frame.

finish the rehabilitation after 15 minutes (900 seconds),
the experimenter requested them to finish the rehabilitation
exercise. The participants were not informed that the upper
time limit was 15 minutes before the commencement of the
experiment.

D. VR REHABILITATION CONTENT
1) SIMPLE CONDITION
In the SIMPLE condition, the participants engaged in reha-
bilitation actions in a basic VR environment. Fig. 3(a) shows
a VR view of the rehabilitation content under the SIMPLE
condition. This virtual environment evoked a tranquil town.
During the rehabilitation exercise, the hands of the avatar
in the virtual environment moved back and forth, following
the movements of the participant’s hands. Since the SIMPLE
condition serves as a control condition, the content of this
condition does not include any additional features.

2) GAMIFICATION CONDITION
In the GAMIFICATION condition, game elements were
incorporated into the VR rehabilitation content of the SIM-
PLE condition. The game story is that game players come
to a town under urban development and enrich themselves
and their surroundings by performing knife-sharpening jobs.
Fig. 3(b) shows a third-person viewpoint image of the rehabil-
itation content in the GAMIFICATION condition. The game
user interface (UI) is displayed in front of the user. The upper
part of Fig. 3(b) presents an enlarged view of the game’s UI.
The total number of sharpened knives, shown in the upper left
of the game UI, increases when performing more rehabilita-
tion exercises. The log displaying the progress of the game is
shown in the lower left of the game UI. The released produc-
tion facilities are shown in the right of the game UI. The pro-
duction facility acceleratesaccelerated the increase in the total
number of sharpened knives. More production facilities are
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FIGURE 3. VR rehabilitation environment in each condition. (a) VR view of rehabilitation content in the SIMPLE condition, (b) third-person view when
executing rehabilitation content in the GAMIFICATION condition, (c) partner’s avatar in the COMMUNICATION condition.

released in this game as more rehabilitation actions are per-
formed. Consequently, the total number of sharpened knives
increases at an accelerated rate. In addition, the surrounding
VR environment changes as the total number of sharpened
knives increases. Specifically, a gimmick is where trees grow
larger, houses are built on the site, houses become luxurious,
houses are built around the site, buildings are built around the
site, skyscrapers are built around the site, and the expansion
continues. These gimmicks correspond to the story in which
the game player emigrates to a town under urban development
and enriches it through knife sharpening. The rehabilitation
content of this condition was implemented based on review
papers on gamification in musculoskeletal rehabilitation [40]
and includes the following common features: points (dis-
play of the total number of sharpened knives), tasks (the
knife-sharpening job), avatars (avatars of Microsoft Rocket-
box), messages or information (logs showing game progress),
achievements (the surrounding VR environment that changes
according to the total number of sharpened knives), unlocking
content (unlocking production facilities).

3) COMMUNICATION CONDITION
The VR rehabilitation content in the COMMUNICATION
condition involves a multiplayer element added to the reha-
bilitation content in the GAMIFICATION condition. Specif-
ically, as depicted in Fig. 3(c), the COMMUNICATION
condition featured the partner’s avatar positioned beside the
participant. The partner’s avatar also reflects the partner’s
behavior in another room. Furthermore, the total number of
sharpened knives of the partner is displayed sequentially in
the game UI log. The paired experimental participants were
asked to introduce themselves to each other for approximately
30 seconds orally only prior to the commencement of reha-
bilitation to make them aware of their partner’s presence.

E. EXPERIMENT PROCEDURE
Before initiating the experiment, participants were fully
informed about the process and completed a participant

consent form. Subsequently, the participants completed a
general questionnaire (including sex, age, height, and other
visual impairments) and a simulator sickness questionnaire
(SSQ) [41], quantifying the degree of simulator sickness.
Subsequently, the participants practiced the rehabilitation
exercises using the VR rehabilitation contents of the SIMPLE
condition. After practice, the participants were instructed to
perform the rehabilitation task for three trials (one trial for
each of the three conditions), in accordance with the follow-
ing procedures.

1) The participant wore anHMD and sat on a chair in front
of the platform.

2) The experimenter launched the VR rehabilitation sys-
tem.

3) The participant calibrated the maximum distance the
participant could comfortably reach from the initial
position in the real space.

4) The participant started the rehabilitation exercise using
the platform.

5) The participant was instructed to report the end of the
rehabilitation when they felt bored with the rehabilita-
tion. If the participant did not report the end of rehabil-
itation within 15 minutes, the experimenter asked the
participant to finish the rehabilitation.

6) The participant was requested to complete the SSQ,
the igroup presence questionnaire (IPQ) [42], and the
NASA TASK LOAD INDEX (NASA-TLX) [43], [44].
The IPQ is an instrument for quantifying the level of
user’s presence in the virtual environment; NASA-TLX
is a measure for assessing the subjective workload of a
given task.

7) The experimenter ensured that the participant exhibited
no signs of physiological irregularities before proceed-
ing to subsequent rehabilitation trials.

After completing the rehabilitation task under all three
conditions, the participants answered questions Q1–Q3
orally.
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Q1 Which do you think is better in terms of fostering
motivation to continue rehabilitation, SIMPLE or
GAMIFICATION?

Q2 In the COMMUNICATION condition, did the part-
ner feel like a collaborator or a competitor?

Q3 If you have any comments about the experiment,
please let me know.

Finally, participants received an Amazon gift card worth
approximately 20 USD as a reward.

IV. RESULT
A. ABSOLUTE REHABILITATION DURATION
The time from the start to the end of rehabilitation in each trial
was defined as ‘‘the absolute rehabilitation duration’’ of the
trial. Fig. 4 depicts a boxplot of the absolute rehabilitation
duration for all participants in each condition. The vertical
axis represents the rehabilitation duration measured in sec-
onds. The minimum, first quartile, median, third quartile,
and maximum values of absolute rehabilitation duration for
each condition are illustrated. The data indicated by dots
are those with values greater than (3rd quartile) + 1.5 ×

(interquartilerange). In the following analyses, these data are
also included in the test without being excluded as outliers.

First, the Shapiro-Wilk normality test was performed for
each condition group. The results showed normality for all
three conditions: SIMPLE (p < 0.001,W = 0.642), GAM-
IFICATION (p < 0.001,W = 0.867), and COMMUNI-
CATION (p < 0.05,W = 0.871). Next, Bartlett’s test
revealed no homoscedasticity among the condition groups
(p = 0.301,T = 2.40). Since the data showed normal-
ity but not homoscedasticity, a Bonferroni-corrected paired-
samples t-test was performed. The results showed that the
absolute rehabilitation duration was significantly longer in
the GAMIFICATION condition than in the SIMPLE condi-
tion (padj < 0.001, d = 0.983), significantly longer in the
COMMUNICATION condition than in the SIMPLE condi-
tion (padj < 0.001, d = 1.39), and significantly longer in
COMMUNICATION condition than in the GAMIFICATION
condition (padj < 0.05, d = 0.455). The effect size d in the
paired-samples t-test is Cohens’s d [45].

B. RELATIVE REHABILITATION DURATION
To evaluate the rate of increase in rehabilitation duration
owing to the introduction of game and multiplayer elements,
we calculated the ratio of the absolute rehabilitation duration
in the GAMIFICATION and COMMUNICATION condi-
tions to that in the SIMPLE condition. This value was defined
as ‘‘the relative rehabilitation duration.’’ Fig. 5 presents a
boxplot of the relative rehabilitation duration for each con-
dition for all experimental participants. The vertical axis rep-
resents the rehabilitation duration; the unit is dimensionless
because the measure is a ratio. The minimum, first quartile,
median, third quartile, and maximum values of the relative
rehabilitation duration for each condition are illustrated. The
data indicated by dots are those with values greater than

FIGURE 4. Boxplot of absolute rehabilitation duration. Symbols indicating
significant difference are following:
p : ∗ ∗ ∗ < 0.001 < ∗∗ < 0.01 < ∗ < 0.05 < † < 0.1.

FIGURE 5. Boxplot of relative rehabilitation duration. Symbols indicating
significant difference are following:
p : ∗ ∗ ∗ < 0.001 < ∗∗ < 0.01 < ∗ < 0.05 < † < 0.1.

(3rd quartile)+ 1.5× (interquartile range). These data were
also included in the test analysis without being excluded as
outliers.

First, the Shapiro-Wilk normality test for each condi-
tion group revealed normality for the GAMIFICATION
(p < 0.001,W = 0.645) and COMMUNICATION
(p < 0.001,W = 0.812) condition groups. Next, the
paired-samples t-test showed that the relative rehabilitation
duration was significantly longer in the COMMUNICATION
condition than in the GAMIFICATION condition (p < 0.05,
d = 0.381).

C. SSQ
Fig. 6 illustrates a bar chart of the SSQ results for all partici-
pants, grouped by scale. The vertical axis represents the SSQ
score; the results for each scale are aligned horizontally. Error
bars indicate standard deviation.

D. IPQ
Fig. 7 illustrates a bar chart of the IPQ results for all partic-
ipants in the experiment, grouped by scale. The vertical axis
represents the IPQ score, and the results for each scale are
aligned horizontally. Error bars indicate standard deviation.

For the general presence, we examined for differences
between the condition groups using the Bonferroni-corrected
paired-samples t-test. We found marginally significant differ-
ences between the SIMPLE and GAMIFICATION condition
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FIGURE 6. Barchart of the SSQ results.

FIGURE 7. Barchart of the IPQ results. Symbols indicating significant
difference are following:
p : ∗ ∗ ∗ < 0.001 < ∗∗ < 0.01 < ∗ < 0.05 < † < 0.1.

groups (padj < 0.1) and between the SIMPLE and COMMU-
NICATION condition groups (padj < 0.1).

E. NASA-TLX
Fig. 8 describes the results of the Rating of NASA-TLX
for all participants grouped by scale. The vertical axis rep-
resents the NASA-TLX score, and the results for each
scale are aligned horizontally. Error bars indicate standard
deviation.

The Steel-Dwass test examined for differences between
the condition groups for all scales. The results showed a
marginally significant difference between the SIMPLE and
COMMUNICATION conditions in terms of performance
(p < 0.1).

Fig. 9 describes the results of the weight of the NASA-TLX
for all participants, grouped by scale.

The Steel-Dwass test examined for differences between
the condition groups for all scales. The results showed
a significant or marginally significant difference between
the SIMPLE and GAMIFICATION condition groups for
performance (p < 0.05) and frustration (p < 0.1),
and between the SIMPLE and COMMUNICATION condi-
tion groups for performance (p < 0.05) and frustration
(p < 0.05).

Fig. 10 indicates the results of the weighted rating of the
NASA-TLX for all participants, grouped by scale.

The Steel-Dwass test found no significant differences in
the weighted ratings among the condition groups.

FIGURE 8. Rating of NASA-TLX. Symbols indicating significant difference
are following: p : ∗ ∗ ∗ < 0.001 < ∗∗ < 0.01 < ∗ < 0.05 < † < 0.1.

FIGURE 9. Weight of NASA-TLX. Symbols indicating significant difference
are following: p : ∗ ∗ ∗ < 0.001 < ∗∗ < 0.01 < ∗ < 0.05 < † < 0.1.

F. PAIR ANALYSIS
To analyze the influence of partners on each participant in
the COMMUNICATION condition, we classified 16 pairs.
For example, when participants who can and cannot continue
a monotonous task for a long time collaborate, the latter par-
ticipant may continue the task longer because of the partner’s
presence.

First, we classified all the participants into three cate-
gories based on their absolute rehabilitation duration in the
GAMIFICATION condition: LONG (top 33%), MEDIUM
(middle 33%), and SHORT (remaining participants). The
pairs were grouped based on the categories of the two partic-
ipants in each pair. The grouping results revealed five LONG
and MEDIUM pairs, four MEDIUM and SHORT pairs, three
LONG and SHORT pairs, two SHORT and SHORT pairs, one
LONG and LONG pair, and one MEDIUM and MEDIUM
pair.

Subsequently, we analyzed combinations of LONG and
MEDIUM, MEDIUM and SHORT, and LONG and SHORT
groups, which had a relatively large number of pairs.
Tables 1, 2,and 3 display the absolute rehabilitation durations
for the LONG and MEDIUM, MEDIUM and SHORT, and
LONG and SHORT pair groups, respectively. In the table,
the GAMIFICATION and COMMUNICATION conditions
are denoted as G and C, respectively. The cells are colored
redwhen the duration of rehabilitation in the COMMUNICA-
TION condition is longer than that in the GAMIFICATION
condition.
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FIGURE 10. Weighted rating of NASA-TLX. Symbols indicating significant
difference are following:
p : ∗ ∗ ∗ < 0.001 < ∗∗ < 0.01 < ∗ < 0.05 < † < 0.1.

TABLE 1. Rehabilitation duration for LONG and MEDIUM pair group [s].

TABLE 2. Rehabilitation duration for MEDIUM and SHORT pair group [s].

TABLE 3. Rehabilitation duration for LONG and SHORT pair group [s].

G. QUESTTIONNAIRE
In response to Q1 (Which do you think is better in terms of
motivation to continue rehabilitation, SIMPLE or GAMIFI-
CATION?), 29 answered GAMIFICATION and 3 answered
SIMPLE.

In response to Q2 (Did the partner in the COMMUNI-
CATION condition feel like a collaborator or a competi-
tor?), 13 participants answered ‘‘collaborators,’’ 17 answered
‘‘competitors,’’ and 2 answered ‘‘neither.’’

V. DISCUSSION
In the absolute rehabilitation duration analysis, signif-
icant differences were observed between SIMPLE and
GAMIFICATION conditions and between GAMIFICA-
TION and COMMUNICATION conditions. This indicates
that gamification and the presence of others increased
rehabilitation duration. In the SIMPLE condition, all

experimental participants finished the rehabilitation exer-
cise within 300 seconds except for three. The standard
required time to perform one set of the most common
frozen shoulder rehabilitation exercises [1] is approximately
5 minutes (300 seconds). In the SIMPLE condition, the
participants gave up before the 5 minutes. In contrast, the
median rehabilitation duration in the GAMIFICATION con-
dition and the third quartile of duration in the COMMUNI-
CATION condition were longer than 300 seconds. In other
words, while most participants in the SIMPLE condition felt
bored during the standard duration of rehabilitation, more
than half of the participants in the COMMUNICATION con-
dition performed rehabilitation without being bored during
the standard required time to perform one set of rehabilitation.

In addition, significant differences were found between
the SIMPLE and GAMIFICATION conditions and between
the SIMPLE and COMMUNICATION conditions when ana-
lyzing the relative rehabilitation duration. The increased
rehabilitation duration for each participant confirmed the
effects of adding gamification and multiplayer elements to
VR rehabilitation.

In the SSQ analysis, only a few participants had total
severity scores exceeding 20 (one before the start of the
experiment, one immediately after the SIMPLE condition,
four immediately after the GAMIFICATION condition, and
two immediately after the COMMUNICATION condition).
Therefore, the number of participants who experienced seri-
ous VR sickness using this system was small [46]. Further-
more, when we checked specifically when the Total Severity
exceeded 20, there was one participant whose score exceeded
20 immediately after the second and third trials and five
participants whose score exceeded 20 immediately after only
the third trial. As none of the participants had a total severity
score of 20 or higher immediately after the first trial, there
are no concerns about VR sickness as long as the participants
used this system for the standard duration of one rehabilita-
tion exercise.

Regarding the IPQ analysis, marginally significant differ-
ences in general presence were found between the SIMPLE
and GAMIFICATION conditions and between the SIMPLE
and COMMUNICATION conditions, suggesting that there
may have been a difference in presence. Considering the
possibility that presence in VR may affect time percep-
tion [47], it is also possible that differences in presence may
have affected time perception. Consequently, the difference
in time perception may have affected the rehabilitation dura-
tion. However, it would be premature to deduce that the
difference in presence changed the time perception for two
primary reasons: first, the test result showed only marginally
significant differences; second, in light of Vierordt’s law [48],
which suggests that longer intervals of time are perceived as
shorter retrospectively and vice versa, it is plausible that the
difference in VR experience duration across the conditions
impacted the time perception.

In the NASA-TLX Rating analysis, a marginally sig-
nificant difference in performance was found between the
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SIMPLE and COMMUNICATION conditions, suggesting
that the participants’ subjective sense of task accomplish-
ment was higher in the COMMUNICATION condition (the
lower the performance score in NASA-TLX, the greater the
sense of task accomplishment). Furthermore, the analysis of
the weight of NASA-TLX revealed a significant difference
in frustration. This can be interpreted as the participants
perceiving that adding the game and multiplayer elements
decreased enduring boredom when performing rehabilitation
movements.

Regarding the pair analysis, Tables 1, 2, and 3 present
the rehabilitation durations of the paired groups LONG
and MEDIUM, MEDIUM and SHORT, and LONG and
SHORT, respectively. These tables indicate that the partici-
pant with the shorter duration of GAMIFICATION between
pairs increased the duration by being paired with a partner in
four out of five pairs in the LONG and MEDIUM pair group,
in all four pairs in the MEDIUM and SHORT pair group, and
in all three pairs in the LONG and SHORT pair group. The
duration of GAMIFICATION increases when the participant
with a shorter duration of GAMIFICATION is paired. This
suggests that the multiplayer element has the potential to
increase the duration of rehabilitation for participants who
originally had a short rehabilitation duration.

Finally, in the questionnaire analysis, 29 out of 32 par-
ticipants responded that GAMIFICATION offered better
motivation to continue rehabilitation. This confirms the effec-
tiveness of GAMIFICATION as a subjective evaluation tool.
In Q2, 13 of the 32 participants answered ‘‘cooperators,’’
and 17 answered ‘‘competitors.’’ According to a previous
study that compared competitive and cooperative rehabili-
tation content [49], competitive content is more effective at
increasing motivation and exercise intensity, whereas coop-
erative content is reported to be less stressful. Based on
this report, the reason why the duration of the experiment
was significantly increased by adding multiplayer games is
considered to be that participants who considered their part-
ner as a collaborator were more motivated, while those who
considered their partner as a competitor were less stressed on
the simple task.With respect to Q3, we received various range
of comments on the experiment. Notably, haptic feedback
from the platform was mentioned by 4 of the 32 participants.
For example, the tactile sensation and sound generated by
the friction between the board and frame, which matched
the knife-sharpening content. Considering the possibility that
haptic feedback may intensify the sense of immersion in
virtual reality [50], it is conceivable that the haptic feedback
delivered by the platform also contributed to the prolonged
rehabilitation duration in GAMIFICATION and COMMU-
NICATION conditions.

VI. LIMITATION AND FUTURE WORK
The main limitations of this study are that the participants
were healthy subjects, there was a ceiling effect, and the
interaction effect was not tested.

First, the experiment was conducted on healthy subjects.
Although the present experiment showed that game and mul-
tiplayer elements in VR rehabilitation significantly increased
the duration of VR rehabilitation in healthy subjects, it cannot
be claimed that the results could be transferred to actual
patients with frozen shoulder.

Second, there was a ceiling effect. In order to reduce
the burden of the experiment on the participants, the exper-
imental design limited the rehabilitation to 15 minutes.
Therefore, we expect that there was a ceiling effect, par-
ticularly for the duration of the GAMIFICATION and
COMMUNICATION conditions. However, the test in this
experiment showed a significant difference between the
GAMIFICATION and COMMUNICATION conditions.
Moreover, the standard duration required for one rehabili-
tation exercise in the actual rehabilitation setting is approx-
imately 5 min. Therefore, 15 min must be sufficient for
performing rehabilitation.

Third, we could not examine the interaction effects
between the game and multiplayer elements. To reduce the
burden of the experiment on the participants, we conducted
three trials in the SIMPLE, GAMIFICATION, and COMMU-
NICATION conditions; therefore, we did not include the con-
dition with no game element and a multiplayer element in the
experimental condition (the GAMIFICATION condition had
an additional game element, and the GAMIFICATION con-
dition had an additional game element, and the COMMUNI-
CATION condition had both a game element and multiplayer
elements). Therefore, the significant difference between the
GAMIFICATION and COMMUNICATION conditions in
this experiment was caused by the sum of the main effects
of the multiplayer element and the interaction effect between
the game and multiplayer elements. However, it is unlikely
that the contents with multiplayer elements without game
elements will be put to practical use, as it is not interesting.
Therefore, it is considered sufficient to have found that con-
tent including both game and multiplayer elements is more
effective for continuing rehabilitation than content with only
game elements.

We have two future directions for our research. First,
we plan to conduct a user study on patients with frozen
shoulders. In actual patients, it is crucial to verify not only
the duration of rehabilitation but also the effect of functional
recovery. Therefore, we plan to follow the rehabilitation
progress to investigate its effects on functional recovery. Sec-
ond, we aim to implement our system as a stand-alone system
on the Oculus Quest Pro. Our system is essentially configured
only with an HMD and two tracking devices, which means it
can be implemented as a stand-alone system (a system that
operates without a PC) using an Oculus Quest Pro and two
Oculus controllers. Given that stand-alone systems can be
easily used at home, addressing this is an important future
issue. Since the effectiveness of the system has been con-
firmed by our experiment, we have started to implement our
proposed system as a stand-alone solution on the Oculus
Quest Pro.
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VII. CONCLUSION
This study hypothesized that gamification and the presence
of others are effective for rehabilitation continuation and
quantitatively investigated the effects of game and multi-
player elements in VR frozen shoulder rehabilitation on
rehabilitation continuation. Our user study yielded evidence
that adding game elements to VR rehabilitation significantly
extended rehabilitation duration. Additionally, incorporating
a multiplayer element in VR rehabilitation game content also
significantly extended the rehabilitation duration. This study
is a fundamental quantitative investigation into the efficacy of
gamification and communication in mitigating tedium during
rehabilitation. The findings of this study are anticipated to
serve as a cornerstone for various studies aimed at reinforcing
rehabilitation continuity.

APPENDIX
Table 4 presents the experimental conditions for each par-
ticipant. This table describes the partners and the order of
the three trial conditions for each participant. In the table,
S, G, and C denote the SIMPLE, GAMIFICATION, and
COMMUNICATION conditions, respectively.

TABLE 4. Experimental conditions for each participant.
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