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Abstract
Background: Exergames have emerged as effective interventions for promoting physical activity and preventing type 2
diabetes (T2D). Kinect-based exergames have demonstrated improvements in exercise adherence and health outcomes, but
their high cost and reliance on specialized hardware hinder widespread home-based adoption. Recent advances in computer
vision now enable monocular camera–based systems, offering a potentially cost-effective and scalable alternative for promot-
ing physical activity at home.
Objective: This study aimed to evaluate the feasibility and user experience of monocular camera–based exergames as a
home-based intervention for individuals at risk for T2D.
Methods: Forty-five community-dwelling individuals at high risk for T2D (mean age 47.12, SD 6.92 years) were recruited
and randomized into three groups (n=15 each): (1) control group (traditional offline exercise), (2) Kinect group (Kinect-based
exergame), and (3) monocular group (monocular camera–based exergame). Participants engaged in a 10-minute intervention
once per week for 7 weeks. Data were collected at 3 time points: baseline (exercise performance: heart rate and perceived
fatigue), postintervention (exercise performance and user experience, including game experience and intrinsic motivation), and
follow-up (user engagement and qualitative feedback). One-way ANOVA was used for data analysis.
Results: Exercise performance was comparable across all groups, with no significant differences in heart rate (P=.76) or
fatigue levels (P=.25). However, participants in the monocular group reported significantly lower fatigue than those in the
control group (P=.04). Intrinsic motivation was significantly higher in both the Kinect (mean 35.13, SD 3.20) and monocular
(mean 34.00, SD 4.41) groups than in the control group (mean 26.06, SD 1.87; P<.001), with no significant difference between
the 2 exergame groups (P=.44). While most user experience measures showed no significant differences, the monocular group
reported a higher perceived challenge (mean 3.45, SD 0.51) than the Kinect group (mean 2.96, SD 0.39; P=.09). Additionally,
the monocular group exhibited higher engagement, as evidenced by more frequent use, fewer challenges, and a greater
intention to continue using the system.
Conclusions: Monocular camera–based exergame is a feasible and effective solution for promoting physical activity in
individuals at risk for T2D. It offers motivational and experiential benefits similar to Kinect-based systems but requires less
costly and more accessible equipment. These findings suggest that monocular systems have strong potential as scalable tools
for home-based chronic disease prevention.
Trial Registration: ClinicalTrials.gov NCT06950528; https://clinicaltrials.gov/study/NCT06950528
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Introduction
Type 2 diabetes (T2D) is a chronic, progressive condition
that poses a major global health challenge, with the number
of affected individuals projected to reach 500 million by
2030 [1,2]. The mean age of T2D diagnosis is 45 years
[3]. Individuals older than 35 years, those with obesity,
having a family history of diabetes, not physically active,
and having prediabetes are considered to have high risk
of T2D [4]. Among high-risk populations, lifestyle interven-
tions, particularly those that encourage physical activity, are
crucial for delaying or preventing T2D onset [5]. Despite the
proven benefits of exercise, barriers such as lack of moti-
vation, limited access to fitness resources, and insufficient
guidance persist [6,7]. To address these challenges, technol-
ogy-driven solutions such as digital exergames have emerged
as promising tools to promote physical activity in an engaging
and accessible way [8].

Exergames combine exercise with interactive gaming
and offer real-time feedback, personalized experiences, and
gamified rewards, all of which enhance physical activity [9].
Motion-sensing technology has been central to the develop-
ment of exergames, with Microsoft’s Kinect being a landmark
innovation [10]. Released in 2010, Kinect revolutionized
motion-sensing games by enabling real-time body tracking
and virtual avatar control through natural movements [11].
Kinect-based exergames have been extensively studied for
their impact on physical performance, therapy adherence, and
clinical outcomes [12]. However, due to reliance on special-
ized hardware, high costs, ineffective marketing strategies,
and limited home usability, the Kinect v2 was discontinued in
2023.

In recent years, advancements in deep learning have
enabled a new generation of motion-sensing technologies,
including monocular human pose tracking, which relies
solely on monocular cameras [13]. This approach allows for
real-time mapping of users’ movements in virtual environ-
ments without requiring expensive depth cameras or wearable
devices [14].

The monocular camera–based exergame emerges as a
low-cost, noncontact technology and offers a practical
solution for home-based exergame training [15]. Its poten-
tial for enhancing accessibility and usability makes it an
attractive area for exploration. However, while the potential
of monocular camera–based pose tracking has been identified,
its use in designing and evaluating exergames tailored to
patients with T2D remains rarely explored, and the quality
assessment of the exergame is rarely discussed as well [16,
17]. This creates a need for accessible, scalable solutions that
not only use cutting-edge technologies but also align with the
practical needs and preferences of the target audience.

To address these gaps, this study introduces an exergame
specifically designed for individuals at high risk of diabetes,
using monocular camera technology to ensure affordability
and ease of use. The game is informed by evidence-based
physical activities to promote metabolic health and incorpo-
rates features to enhance user engagement and long-term

adherence. This study aims to evaluate the effectiveness
and user experience of monocular camera–based exergame
to understand its potential to replace Kinect in providing
home-based exercise intervention. The primary outcome of
this study is to demonstrate that there is no significant
difference in physical activity levels between the experimen-
tal and control groups, as evidenced by the lack of variation
in heart rate changes before and after the intervention. The
secondary outcome focuses on evaluating the impact of the
monocular camera–based group on user experience, providing
insights into the acceptability and usability of the intervention
from the participants’ perspective.

Methods
Study Design
This 3-arm randomized controlled trial used a 1:1:1 allo-
cation ratio to evaluate the effectiveness of an exergame
designed using monocular camera technology for individu-
als at high risk of developing T2D. A total of 45 partici-
pants meeting specific inclusion criteria were recruited and
randomly assigned to 1 of 3 groups: a control group per-
forming traditional video-guided exercises, a Kinect-based
exergame group, and a monocular camera–based exergame
group. The sample size was calculated based on a power
analysis with an expected medium size at 0.48, where
previous research reported medium effect sizes (0.40‐0.50) in
evaluating usability and adherence in Kinect-based exergames
for individuals with prediabetes [18], aiming for 80% power
and a significance level of .05 to detect meaningful differen-
ces between the groups. The intervention was conducted in a
controlled setting, ensuring consistency across groups while
collecting physiological and experiential data.
Recruitment
A total of 45 individuals at high risk for T2D were
recruited through offline outreach facilitated by community
managers affiliated with local residential service centers in
Minhang District, Shanghai, China. They supported recruit-
ment by identifying eligible participants through existing
health records and outreach channels. The inclusion crite-
ria were as follows: (1) 35 years of age and older; (2) a
score of 25 or higher on the Chinese Diabetes Risk Score;
(3) community-dwelling individuals, not residing in assisted
living or long-term care facilities; (4) physically capable
of engaging in light to moderate exercise, as determined
by self-report and physician clearance; (5) normal cognitive
function that enables the participant to complete the experi-
ment independently or with minimal assistance; and (6)
written informed consent provided by participants or their
families. Exclusion criteria included individuals with (1)
diagnosis of T1D or T2D, (2) current participation in another
exercise intervention study, (3) severe cognitive impairment
with Mini-Mental State Examination score of <24, and (4)
major mobility limitations such as severe osteoarthritis and
recent orthopedic surgery.
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Experimental Setting and Equipment

Experiment Group (Monocular Camera–Based
Exergame Design)
Overview
This intervention is an exercise game tailored for individuals
at high risk of diabetes. It incorporates 6 movements adapted
from the “Diabetes Health Exercises,” which include toe
stretches, high knees, side arm raises, punching exercises, arm
stretches with hip extensions, and elbow-to-chest expansions.
These movements were selected for their simplicity, defined
training objectives, and distinct characteristics that facilitate
recognition and replication. The exercises aim to enhance
peripheral blood circulation and target key muscle groups
such as the triceps, biceps, gluteal muscles, and lower limbs.
Each session is structured to last 10 minutes, comprising
5 minutes of aerobic exercise and 5 minutes of resistance

training, thereby providing a balanced regimen that aligns
with the physiological needs of the target population.

The game uses a virtual avatar to replicate users’
movements, thereby fostering an immersive and engaging
experience (Figure 1). A monocular camera captures users’
movements in real time, which are analyzed through pose
estimation algorithms and subsequently mapped onto the
virtual avatar. Users interact with the game by following
on-screen visual demonstrations, presented as either static
images or animations, to perform the prescribed exercises.
Movement accuracy is evaluated by the system, with scores
awarded based on performance. To enhance user motivation
and adherence, the game incorporates a reward system, where
points earned through accurate execution can be redeemed for
in-game rewards, such as unlocking background music, avatar
customization options, and new virtual environments.

Figure 1. Interface design of the exergame. The exergame interface includes real-time avatar mirroring, performance feedback indicators, instruc-
tional visuals, and a reward progress tracker.

Technical Framework of the Monocular
Camera–Based Exergame
The intervention is designed with a robust technical founda-
tion, using Figma for interface design and Unity 2019.4 for
game development. The motion capture system leverages the
open-source ThreeDPoseTracker framework, based on VNect
technology, which processes low-resolution red, green, and
blue video streams using Unity’s Barracuda system and a
pretrained ONNX model. This framework accurately detects
10 critical body landmarks—wrists, elbows, ankles, knees,
waist, and head—estimating their 3D spatial positions in real
time.

The real-time pose correction process compares the user’s
detected body posture with a predefined regulated posture

within the exergame. The correction formula involves angular
calculations between vectors formed by detected body
landmarks, as shown in the image. Specifically, each detected
angle (θi) is compared with the corresponding regulated
angle (θ′i), and the overall difference (D2) is calculated as
D2=∑(θi−θ′i). To quantify the degree of correction required,
a recognition threshold parameter (Dst) and a baseline
recognition rate parameter (Sst) are used. The final evaluation
metric (S) is determined by the piecewise function:

S = Dst − D  × 100 − SstDst + Sst, 0 ≤ D < Dst0, D > Dst
This ensures that minor deviations from the regulated posture
are dynamically adjusted, while significant deviations are
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flagged as errors. Temporal filtering techniques are applied
to improve the smoothness and precision of pose estimations,
which are then mapped to a skeletal model in Unity for
seamless motion replication.

By integrating real-time motion capture and precise pose
correction, the system provides immediate feedback, ensuring
accurate and adaptive user movements during gameplay.
This enhances the usability and efficacy of the interven-
tion, making it a scientifically grounded and technologically
advanced solution for promoting physical activity, particu-
larly for diabetes prevention.

Kinect Group
Kinect group features the same software functionality and
design as the application based on bullet-screen cameras,
but the hardware is built using a Kinect sensor. The gami-
fied platform is primarily developed and presented using
Unity 3D. The Kinect 3D motion-sensing camera incorporates
real-time dynamic capture and image recognition capabilities,
offering new possibilities for interactive approaches to motion
therapy.

Control Group
The control group followed a set of 6 instructor-led exercise
videos, which included crossover steps, high knees, lateral
raises, punching movements, downward leg punches from
a standing position, and elbow-to-chest expansions. Each
session in the control group was designed to reflect the same
aerobic and resistance exercise level as the Kinect group and
the experimental group, ensuring comparability across groups
in terms of physical exertion and activity content.
Procedure
Participant recruitment was conducted from March to April
2024 in the Hongqiao Community. Individuals meeting
the inclusion criteria were provided with comprehensive
information about the study and signed written informed
consent. Baseline demographic data were collected prior to
random assignment using block randomization by researcher
into one of three groups: (1) control group (traditional
exercise control), (2) Kinect group (Kinect-based exergame),
or (3) monocular group (monocular camera–based exergame).

Three days prior to the intervention, all participants
received instructional videos demonstrating the 6 targeted
movements to be performed during the exercise sessions.
Participants were instructed to review and practice these
movements to ensure familiarity with the protocol.

On the day prior to the intervention, trained research-
ers and caregivers delivered and assisted in setting up the
required equipment—either a Kinect V2 sensor or an Aoni
C33 monocular camera (manufactured by Shenzhen Aoni
Electronic Industry Co, Ltd, resolution: 1920×1080 pixels,
frame rate: 30 fps, field of view: 90°)—in participants’
homes. Setup was scheduled in the afternoon, approximately
1‐2 hours post meal, to ensure participants’ comfort and
safety during physical activity.

On the first intervention day, baseline data, including
age, gender, T2D risk, resting heart rate, and perceived
fatigue, were measured prior to the session. Each intervention
session lasted 10 minutes and consisted of 2 components:
5 minutes of aerobic exercise followed by 5 minutes of
resistance training. Participants in the control group followed
a prerecorded instructional video demonstrating the 6 aerobic
movements, followed by guided resistance exercises. The
monocular group used a custom-developed exergame based
on monocular camera technology. Real-time visual instruc-
tions were displayed on a television screen, guiding partic-
ipants through the same movement protocol. The Kinect
group used an exergame designed with Kinect-based skeletal
tracking, offering a similar visual and instructional format as
the monocular system.

During the aerobic component, participants performed
6 distinct movements, each lasting 50 seconds. For the
resistance component, participants selected their preferred
resistance level (ranging from 0.25 to 1.5 kg), and resist-
ance bands were applied to the arms and legs under care-
giver supervision. Caregivers and researchers refrained from
intervening during the session unless directly requested by
participants to minimize external influence.

Immediately following the first intervention, participants’
postexercise heart rate, perceived fatigue (via Borg Rating of
Perceived Exertion Scale), intrinsic motivation (via Intrinsic
Motivation Inventory [IMI]), and user experience (including
perceived enjoyment, challenge, and usability) were assessed
using standardized instruments.

Participants were then instructed to continue the 10-minute
intervention daily for 7 consecutive days independently
without additional notification from the researchers. They
were asked to document their participation by recording short
videos as proof of session completion. At the end of the
1-week period, researchers returned to collect the devices and
retrieve adherence data, including the number of completed
sessions and any user feedback.
Outcome Measure

Exercise Performance
To evaluate the amount of exercise during the experiment,
heart rate and perceived fatigue were assessed among
participants at the baseline and immediately after the
intervention. The postintervention heart rate was collected
during the first 10 seconds postexercise to estimate physiolog-
ical responses. Considering the general physical condition of
individuals at high risk of diabetes, the study used 50%‐80%
of the maximum heart rate as the target exercise intensity.
The maximum heart rate was calculated using the formula:
208 − (Age × 0.7). Additionally, perceived fatigue, a widely
accepted parameter in exercise assessments for diabetes-rela-
ted fields, was used to supplement the evaluation of physical
activity. The Borg Rating of Perceived Exertion Scale [19],
ranging from 6 to 20, was used to assess subjective fatigue
and compare perceived exercise intensity across groups.
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Perceived User Experience
At the first session of intervention, participants in the Kinect
and monocular groups completed the Game Experience
Questionnaire (GEQ) to assess their user experience [20].
The GEQ was used to evaluate and compare the impact of
different technologies on immersion and the overall expe-
rience of exergames. Furthermore, the Interest/Enjoyment
Subscale of the IMI was administered to participants in
the control group, Kinect group, and monocular group [21].
This subscale evaluated and compared intrinsic motivation
and enjoyment associated with physical activity across the
3 groups. At the end of the 1-week experiment period, user
engagement was further quantified by tracking the frequency
of intervention use over the 1-week period, based on
participants’ video-recorded usage logs. To complement the
quantitative data, a brief qualitative assessment was conduc-
ted at the end of the intervention week. Participants respon-
ded to open-ended questions such as: “Did you experience
any issues while using the exergame?” and “Would you be
interested in continuing to use the exergame in the future?”
Data Analysis
Data collected from the physiological measurements (resting
and exercise heart rates) and the questionnaires were analyzed
to compare the differences between groups and evaluate the
effectiveness of the interventions. ANOVA analysis was used
to understand the differences of the data collected from 3
experiment groups [22], and 2-tailed t test (for normally
distributed result) or nonparametric test (for non–normally
distributed result) was used to understand the significance
of differences between 2 groups. For pairwise comparisons
between 2 groups, independent-samples 2-tailed t tests were
applied for normally distributed data. For data not meeting
normality assumptions, nonparametric tests were used: the
Kruskal-Wallis test for comparisons among 3 groups and
the Mann-Whitney U test for pairwise group comparisons.

Statistical analyses were conducted using SPSS (version 26.0;
IBM Corp), with a significance level set at P<.05. Cohen f
value is used to understand the effect size, and the critical
points for small, medium, and large effect sizes are 0.1, 0.40,
and 0.80, respectively.
Ethical Considerations
This study was approved by the Shanghai Jiao Tong
University’s institutional review board (H20230160I), and all
procedures were conducted in accordance with the ethical
standards outlined in the Declaration of Helsinki. Due to the
initial pilot-phase nature of the project, the trial was retro-
spectively registered at ClinicalTrials.gov (NCT06950528),
prior to data analysis. All participants provided written
informed consent prior to participation. The study ensured
strict confidentiality of participant data, and no personally
identifiable information was collected or disclosed. Partici-
pants received a US $7 shopping voucher after completing the
study. No identifiable images or recordings were used in the
manuscript or supplementary materials.

Results
Overview
This study recruited 45 participants identified as being at high
risk for T2D. The CONSORT (Consolidated Standards of
Reporting Trials) flowchart is shown in Figure 2. Participants
aged between 40 and 54 years, with a mean age of 47.12 (SD
6.92) years. Participants were classified as high-risk based
on the Chinese Diabetes Risk Score, with an average mean
score of 33.38 (SD 5.04). As shown in Table 1, an ANOVA
analysis of baseline characteristics among the 3 participant
groups revealed no statistically significant differences. No
negative incidents were reported.
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Figure 2. The CONSORT (Consolidated Standards of Reporting Trials) flowchart of the experiment.

Table 1. Baseline data of the recruited participants.
Characteristics Control group (n=15) Kinect group (n=15) Monocular group (n=15) P value
Gender (female), n (%) 8 (53.33%) 9 (60.0%) 8 (53.33%) —a

Age (year), mean (SD) 47.27 (6.59) 47.93 (6.85) 46.17 (7.33) .80
T2Db risk, mean (SD) 33.07 (5.02) 33.60 (4.75) 33.47 (5.36) .84
Heart rate, mean (SD) 79.46 (10.23) 80.06 (10.01) 78.02 (8.66) .48
Perceived fatigue, mean (SD) 9.27 (1.53) 9.41 (1.12) 9.28 (1.06) .81

aNot available.
bT2D: type 2 diabetes.

Outcomes in Exercise Performance
The amount of exercise was assessed through heart rate and
perceived fatigue. As shown in Table 2, the average heart
rate for the control group, Kinect group, and monocular
group was 86.34 (SD 7.48), 90.81 (SD 7.71), and 89.29 (SD
6.52), respectively. The between-group comparison revealed
no significant difference in heart rate (P=.76; Cohen f=0.117),
indicating a small effect size.

Exercise performance was evaluated using 2 indica-
tors: heart rate as an objective physiological measure and
perceived fatigue as a subjective self-report metric. As shown
in Table 2, the average heart rates for the control, Kinect,
and monocular groups were 86.34 (SD 7.48) bpm, 90.81
(SD 7.71) bpm, and 89.29 (SD 6.52) bpm, respectively.
A one-way ANOVA revealed no statistically significant
differences among the groups (F2,42=0.28; P=.76), with a
small effect size (Cohen f=0.117). These results suggest that
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the type of system used did not substantially impact cardio-
vascular exertion during the exercise session.

In terms of perceived fatigue, all participants repor-
ted increased fatigue after the intervention (P<.05). As
shown in Figure 3, the control group reported the highest
average fatigue level (mean 11.60, SD 1.12). However,
between-group comparisons did not reach statistical

significance (P=.25; Cohen f=0.265), indicating a moderate
effect size. Post hoc comparisons revealed that the monocular
group experienced significantly lower fatigue than the control
group (P=.04), while the Kinect group’s difference was
not significant (P=.15). These findings suggest a potential
advantage of the monocular system in reducing perceived
exertion during gameplay.

Table 2. Data collected before and after the intervention in 3 groups of participants.
Variable Control group Kinect group Monocular group F test (df) P value Cohen f
Heart rate 0.28 (2,42) .76 0.117
  Data collected at baseline, mean (SD) 79.46 (10.23) 80.06 (10.01) 78.02 (8.66)
  Data collected after experiment, mean (SD) 86.34 (7.48) 90.81 (7.71) 89.29 (6.52)
  P value .038 .004 .003
Perceived fatigue 1.442 (2,42) .25 0.265
  Data collected at baseline, mean (SD) 9.27 (1.53) 9.41 (1.12) 9.28 (1.06)
  Data collected after experiment, mean (SD) 11.60 (1.12) 10.60 (1.45) 10.33 (1.49)
  P value <.001 .007 .026
Inner motivation, mean (SD) 26.06 (1.87) 35.13 (3.20) 34.00 (4.41) 29.701 (2,42) <.001 1.204

Figure 3. Comparison of perceived fatigue and intrinsic motivation across 3 participant groups.

Outcomes in User Experience
User experience following the first intervention session was
assessed through self-reported measures of intrinsic motiva-
tion and game experience. Intrinsic motivation scores, as
measured by the Interest/Enjoyment subscale of the IMI,
were as follows: control group (mean 26.06, SD 1.87),
Kinect group (mean 35.13, SD 3.20), and monocular group
(mean 34.00, SD 4.41). A one-way ANOVA revealed a
significant between-group difference in intrinsic motivation
(P<.001), with a large effect size (Cohen f=1.204). Post
hoc comparisons indicated that both the Kinect-based and
monocular camera–based exergames significantly enhanced
intrinsic motivation compared with those of the control group.
However, there was no statistically significant difference

between the Kinect and monocular groups (P=.44), suggest-
ing comparable motivational effects across the 2 exergaming
modalities.

Game experience, as measured by the GEQ and shown
in Table 3, revealed significant differences in perceived
challenge. Participants in the monocular group reported a
higher challenge score (mean 3.45, SD 0.39) than those
in the Kinect group (mean 2.96, SD 0.51), with the differ-
ence reaching statistical significance (t28=−2.71; P=.01). One
possible explanation is the Kinect system’s superior motion-
tracking capabilities, which may have facilitated a stronger
sense of virtual body ownership and smoother gameplay, thus
reducing the perceived difficulty.

Table 3. Results of the Game Experience Questionnaire for the Kinect and monocular groups.
Dimension User feedbacks, mean (SD) t test (df) P value

Kinect group (n=15) Monocular group (n=15)
Sensory and imaginative immersion 3.40 (0.38) 3.51 (0.79) −2.034 (28) .15

 

JMIR SERIOUS GAMES Zhao et al

https://games.jmir.org/2025/1/e75823 JMIR Serious Games 2025 | vol. 13 | e75823 | p. 7
(page number not for citation purposes)

https://games.jmir.org/2025/1/e75823


 
Dimension User feedbacks, mean (SD) t test (df) P value

Kinect group (n=15) Monocular group (n=15)
Flow 3.40 (0.54) 3.58 (0.63) −0.811 (28) .43
Competence 2.90 (0.60) 3.16 (0.71) −1.049 (28) .30
Tension or annoyance 0.10 (0.38) 0.08 (0.28) 0.124 (28) .90
Challenge 2.96 (0.51) 3.45 (0.39) −2.71 (28) .01
Positive affect 3.53 (0.44) 3.79 (0.39) −1.579 (28) .13
Negative affect 0.33 (0.67) 0.41 (0.70) −0.688 (28) .50

For all other dimensions of game experience—includ-
ing sensory and imaginative immersion, flow, perceived
competence, tension or annoyance, and emotional responses
(positive and negative)—no statistically significant differen-
ces were observed between the 2 exergame groups (P>.05).
While not statistically significant, participants in the Kinect
group reported slightly higher tension levels, potentially due
to unfamiliarity with the hardware. Conversely, the monocu-
lar group reported marginally higher negative affect, which
may reflect minor limitations in motion-tracking responsive-
ness or accuracy.

User engagement over the 1-week intervention period was
measured by the number of completed exercise sessions. On
average, participants in the control group completed 2.33
sessions (SD 1.29), the Kinect group completed 2.93 sessions
(SD 1.79), and the monocular group completed 3.60 sessions
(SD 1.59). Although the monocular group exhibited the
highest level of usage, between-group comparisons did not
reach statistical significance (P=.49). Similarly, no significant
difference was observed between the Kinect and monocular
groups (P=.29).

A thematic analysis of the qualitative user feedback was
conducted to contextualize participants’ experiences across
groups. Feedback was first coded and then categorized
into three major themes: usability, motivation, and future
intention to use. (1) Usability: Most participants across all
groups found the systems easy to operate. However, specific
issues were reported. Four participants in the Kinect group
mentioned challenges related to hardware setup (eg, spatial
calibration and sensor alignment), while 1 participant in the
monocular group cited difficulties with interface responsive-
ness. (2) Motivation: Lack of engagement was a recurring
theme in the control group, with 6 participants indicating
low motivation due to the static and repetitive nature of
the game. (3) Future intention to use: Despite these chal-
lenges, participants in the exergame groups showed strong
willingness to continue. In the Kinect group, 66.67% (10/15)
expressed interest in future use, while 80% (12/15) of
the monocular group reported a clear intention to continue
engaging with the exergames.

Discussion
Principal Results
In this study, we evaluated the impact of exercise inter-
ventions using 3 modalities—traditional offline exergames,
Kinect-based exergames, and monocular camera–based
exergames—on exercise performance and user experience in
a high-risk T2D population. The findings revealed sev-
eral noteworthy insights into the potential of monocular
camera–based exergames as an affordable and convenient
alternative to Kinect-based systems in developing exergame
for high-risk T2D population.

From an exercise performance perspective, all 3 modali-
ties—traditional, Kinect-based, and monocular camera–based
exergames—elicited comparable elevations in participants’
heart rates, indicating similar levels of cardiovascular
engagement. This finding aligns with prior research dem-
onstrating that exergames can effectively promote physical
activity across diverse technological platforms [23]. While the
heart rate differences did not reach statistical significance,
the effect size suggests a small practical effect that may still
be meaningful in public health applications, especially for
preventive care in at-risk populations.

Notably, participants reported lower perceived fatigue
when engaging with digital exergames, particularly the
monocular camera–based system, and although these
differences did not reach statistical significance, the moderate
effect size and significant pairwise difference between the
monocular and control groups suggest a clinically relevant
trend. This trend suggests that digital interventions may
offer a more comfortable exercise experience while maintain-
ing effectiveness, corroborating previous studies that have
highlighted the potential of exergames to enhance exercise
enjoyment and adherence [24]. The observed lower per-
ceived fatigue in the monocular camera–based exergame
group may be attributed to the system’s ability to provide
real-time feedback and adjust to users’ movements, thereby
enhancing engagement and reducing the subjective experi-
ence of exertion. Such features are consistent with find-
ings from studies emphasizing the importance of interactive
and adaptive elements in exergame design to optimize user
experience and outcomes [25].
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User Experience and Engagement
In terms of user experience, digital exergames were found
to foster higher levels of inner motivation than traditional
offline exergames, highlighting their potential to engage users
more effectively [26,27]. The difference in inner motivation
showed a large effect size, indicating the robust moti-
vational potential of digital exercise systems for behav-
ior change. Although there was no significant difference
in inner motivation between Kinect-based and monocular
camera–based exergames, these 2 systems exhibited distinct
strengths in the user experience. Monocular camera–based
exergames excelled in providing sensory and imaginative
immersion, flow, competence, and positive affect, offering
an engaging and enjoyable exercise environment [28]. In
contrast, Kinect-based exergames performed better in the
dimensions of tension, negative affect, and challenge, with
the challenge dimension showing a statistically significant
advantage, suggesting Kinect’s ability to reduce negative
emotional responses during gameplay [29]. The higher
challenge scores in the monocular group may reflect user
frustration stemming from occasional inaccuracies in motion
tracking or delayed feedback, which can reduce the sense of
control and increase cognitive effort.

To enhance the long-term appeal and sustain user
engagement, current research indicating incorporating
adaptive difficulty levels, personalization features, and
reinforcement mechanisms is crucial [30]. Adaptive difficulty
can dynamically adjust the game’s challenge to match
the user’s skill level, preventing boredom and frustration.
Reinforcement mechanisms, including real-time feedback and
rewards, can further encourage consistent participation [31].
Future design may enhance these design elements to improve
adherence and motivation in exergame interventions.

Nevertheless, participants using the monocular camera
system reported fewer setup difficulties and a higher
willingness to continue using the system postinterven-
tion. Compared with Kinect, the monocular system’s low
hardware burden, environmental adaptability, and plug-and-
play configuration make it highly promising for home-based
and scalable interventions. These findings highlight the
practical potential of monocular camera–based exergames
as an accessible solution for promoting physical activity in
resource-limited settings, where traditional fitness infrastruc-
ture or expensive hardware such as Kinect may not be
feasible.

Limitations
Despite encouraging results, this study has several limitations.
First, the small sample size and short follow-up duration limit
generalizability. Future studies should include larger, more
demographically diverse populations. Second, the controlled
indoor setup does not fully reflect real-world conditions;
testing in-home or community settings is needed to assess
ecological validity. Third, the study did not examine long-
term adherence or health outcomes (eg, HbA1c, weight,
and insulin sensitivity), which are critical for evaluating the
sustained impact of digital interventions. Fourth, although
Kinect-based exergames scored higher in the challenge
dimension, participant feedback suggested that the monocular
system’s challenge scores may have resulted from tracking
errors or interface latency, rather than intentional game
difficulty—indicating a need to distinguish between technical
and design-related difficulty. Fifth, the study did not conduct
subgroup analyses based on gender, which could influence
user experience and outcomes due to differences in physical
ability, digital familiarity, or motivational preferences. Sixth,
the study was originally planned to be conducted at a different
location; due to logistical challenges, it was relocated to
another community site, which may affect comparability with
the original protocol.

Future research should evaluate long-term health outcomes
such as HbA1c, insulin sensitivity, and weight control
associated with these interventions; conduct trials in real-
world environments such as community centers or homes
to assess ecological validity; investigate personalized game
adaptation strategies that adjust challenge and feedback
based on individual skill level and fatigue patterns; and
develop cross-platform, low-barrier versions of monocular
camera–based systems for scalable deployment in resource-
limited settings.
Conclusions
The findings suggest that monocular camera–based exergame
offers a viable alternative to Kinect-based exergame for
at-home use by T2D high-risk populations. It provides similar
exercise outcomes and user experiences while offering the
advantages of simplicity and greater adaptability. However,
further improvements are needed to enhance user experience,
particularly in balancing the challenge dimension.
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