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Abstract
Background: Chest injuries are a leading cause of death and disability, accounting for 10% of hospital admissions and 25%
of injury-related deaths. About two-thirds of patients with thoracic injuries experience complications such as blood or air in
the pleural space, causing lung deflation and poor gas exchange. Proper breathing management, using tools like incentive
spirometers, improves lung function and recovery. However, there is a gap in mobile-based gaming apps designed for lung
exercise, which could benefit both the general population and patients recovering from lung injuries.
Objective: This research aimed to develop and evaluate a mobile app game for practicing lung exercises, accompanied by a
prototype device called the Pulmo device.
Methods: The study involved a sample group of 110 participants from the general public. It followed a research and develop-
ment methodology comprising 4 steps. The research instruments included a mobile app game, a prototype lung exercise device,
and questionnaires to assess users’ satisfaction and the feasibility of both the app and the device.
Results: The findings revealed that the participants demonstrated a high level of overall satisfaction with both the mobile app
game and the prototype lung exercise device (mean 4.4, SD 0.4). The feasibility for the mobile app game and the prototype
lung exercise device connected to the game was evaluated. The results indicated that the sample group perceived the overall
feasibility to be at a high level (mean 4.4, SD 0.5).
Conclusions: The research results reflected that the sample group believed the mobile app game for practicing lung exercises
and the prototype device developed in this project have a high potential for practical application in promoting lung rehabilita-
tion through gameplay. The mobile app game and the Pulmo device prototype received positive user feedback, indicating
potential practical use; however, further validation is required among patients in need of pulmonary rehabilitation.
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Introduction
Chest injury is considered a leading cause of death and
morbidity worldwide and is the second most common cause
of death after head injuries. It is also one of the leading causes
of long-term disability and hospital admissions, accounting
for 10% of hospital admissions and 25% of injury-related
deaths [1]. Approximately two-thirds of patients have thoracic
injuries. These vary in severity from broken ribs to injuries
that penetrate the heart or a torn trachea (tracheobronchial
disruption). In addition, injuries resulting from concussion are
the most common, with an incidence of 90% [2].

Furthermore, up to 70% of patients with thoracic injuries
develop blood or air in the pleural space, preventing the
lungs from fully expanding. This loss of negative pressure
in the pleural space results in lung deflation and inefficient
gas exchange. If correct, appropriate, and timely treatment is
not received, it may cause oxygen depletion and can be life
threatening [3].

Breathing exercises help improve lung function and
increase quality of life. Practical breathing management often
involves the use of a device known as an incentive spirome-
ter, which helps to increase lung volume. This tool, designed
for simple usage, allows patients to independently practice
and improve their respiratory function. Nurses should have
knowledge in breathing management. Breathing management
is different from exercise. The breathing management will
focus on every part of the respiratory tract, both in normal
parts and in parts with pathology and should have knowledge
in using the equipments in breathing management, which are
used in many different types, even in the same hospital. This
depends on objectives according to the doctor’s treatment
plan [4].

While existing research demonstrates the effectiveness
of mobile games and technology-based interventions in
various rehabilitation contexts from neurological rehabili-
tation showing improvements in cognitive skills, motor
functionality, and balance, to successful applications in
pulmonary rehabilitation for chronic obstructive pulmonary
disease patients with enhanced quality of life and exercise
capacity, there appears to be a significant gap in develop-
ing comprehensive mobile-based gaming apps specifically
designed for practicing lung exercise in the general popu-
lation that could be adapted for patients recovering from
lung injuries. Current studies primarily focus on either
specific medical conditions like chronic obstructive pulmo-
nary disease and stroke, or on mobile-based apps, but
don’t address the potential of mobile-based gaming plat-
forms that could serve both preventive purposes for the
general population and therapeutic apps for post-lung–injury
rehabilitation [5-9].

This research aimed to develop and evaluate a lung
rehabilitation innovation combining a mobile-based gaming

app with a prototype assessment device. The study had
2 primary objectives: first, to create an integrated system
comprising a mobile application game for lung exercises
paired with a prototype device for lung function assessment;
and second, to evaluate this system’s potential for practical
implementation by assessing both user satisfaction among the
general public and its feasibility as a tool for promoting lung
rehabilitation through gamified exercise.

Methods
Study Design
Research and development consisted of 4 steps, details are as
follows:

Step 1 research established the fundamental groundwork
for developing our mobile app game for practicing lung
exercise. We conducted a comprehensive literature review
that examined both the clinical and educational aspects
of our intervention. We systematically investigated exist-
ing innovations promoting lung exercise, focusing on both
traditional approaches and technological interventions. In
addition, we focused on game-based learning principles and
their application in health care education.

Step 2 development encompassed the systematic design
and development of our mobile app game for lung exercise
practice, building directly on the insights gained from our
literature review in step 1.

Step 3 research marked our transition from development to
real-world implementation through testing of the mobile app
game with 110 healthy participants. During this testing phase,
we observed how users engaged with the lung exercise game
and collected valuable data regarding both user satisfaction
and the application’s feasibility as a practical tool for lung
exercise.

Step 4 development focused on refining both the device
and app based on user feedback collected during the R2
testing phase. These improvements ensured our final product
effectively addressed user needs identified during implemen-
tation.
Development Process
Developing an app with equipment to manage and restore
efficiency is done when the air is blown, called the Pulmo
device (Figure 1). The Hall effect describes the behavior
of charge carriers in a material under a magnetic field.
It is widely used in Hall effect sensors for accurate, non-
contact detection in various fields. In the proposed lung
exercise device, the sensor enables precise, real-time airflow
or pressure measurements for effective monitoring [10].
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Figure 1. Pulmo device: (A) front view (B) lateral view (left side) (C) lateral view (right side) (D) top view (E) blowing plug (right), air outlet plug
(left).

The sensor receives Hall effect values, used to measure the
size of the magnetic field intensity. When a magnetic field
is detected in the circuit, voltage will be generated. This
voltage is called Hall voltage. This voltage is responsible for
detecting the magnetic flux density. These sensors basically
function as linear transducers. This flow rate sensor will
be connected to nodemicrocontroller unit, a board that uses
ESP8266 as a processing unit.

For processing, the device will be set up as a hotspot
in order to connect in a computer network manner. It is a
network linking system for 2 or more devices including other
types of electronic equipment that can communicate, connect,
and send data between each other within the transmission
control rules according to the IP, where communication
protocols are used by assigning addresses. The rules for
controlling transmission are determined according to the
transmission control protocol or IP of each device so that
receiving and sending data can easily connect to each other.
After receiving the speed of the air blowing through the
sensor, the data and operating status will be displayed on a
1.8-inch thin-film liquid crystal display and will prepare to
send fees through the internet communication protocols used

to send and receive data between the client and the server
(hypertext transfer protocol) only when requesting informa-
tion. The device is powered by a 3.7 volt, 800 mAh battery.
The battery can be charged by a USB port and has an on or
off switch for the device’s power supply circuit.

For the velocity values received from the sensors, the
internal flow is analyzed. Smooth flow pattern a flow pattern
in which fluid particles move in an orderly manner. There is
no mixing between the fluid layers. This type of flow this
generally occurs with fluids that have high viscosity and flow
at low speeds or where the diameter of the pipe through
which the fluid flows is very large compared with the volume
of fluid flowing within the pipe. The flow characteristics of
the fluid are important for its selection.

The mobile app game for practicing lung exercises (Figure
2) has a total of 10 game levels, in which the number of
blows to be counted as passing must be greater than or equal
to 1200 L/s. There is also a chat bot function where there
will be questions to choose from, and when the user selects a
question, an automatic answer will pop up for the user of the
device to read.
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Figure 2. Application: (A) home page, (B) registration form, (C) game start page, (D) game end page.

The key elements of game-based learning (rule, objective,
feedback, interaction, challenge, and narrative) [11] were
implemented in the Pulmo device game app. The game
provides clear instructions and descriptions regarding Pulmo
device connectivity and proper usage procedures (rule) and
defines gamification purposes to help users practice their
lung exercise (objective). The system provides real-time
performance metrics during breathing exercises and immedi-
ately responds to each breath (feedback and narrative). User
interaction occurs through single-player engagement with the
device-connected game environment (interaction). Further-
more, this application records exercise history tracking,
allowing users to benchmark against their personal bests
(challenge).
Recruitment
The study population comprised residents in Mueang Khon
Kaen District, Khon Kaen Province, Thailand. The total
population of 104,037 people, obtained from the Civil
Registration Population Database for fiscal year 2023, was
used to calculate the sample size [12]. The calculation
incorporated a 95% CI, a 0.05 margin of error, and a
population proportion of 0.07, based on the reported 7%
prevalence of chronic obstructive pulmonary disease among
Thai adults aged 40 years and above [13]. This calculation
indicated a minimum required sample size of 100 partici-
pants. To account for potential incomplete data, we added
a 10% buffer, resulting in a final sample size of 110 par-
ticipants. Participants were selected through convenience
sampling according to eligibility inclusion criteria.

Participants were recruited according to inclusion criteria.
All participants were required to be healthy adults aged
18 years or older with no self-reported history of respira-
tory diseases, chronic lung conditions, or acute respiratory
symptoms at the time of enrollment. In addition, partici-
pants needed to own a smartphone and provide informed
consent for voluntary participation in the study. The study

excluded individuals with pre-existing conditions that could
be affected by respiratory gaming exercises, specifically those
with cardiovascular disease, hypertension, hypotension, or
diabetes, to ensure participant safety during the respiratory
exercise protocol.

The data collection in phase R2 used 3 research instru-
ments:

1. Demographic questionnaire collected participants’ basic
information including gender, age, highest level of
education, and occupation to characterize the study
population.

2. Satisfaction assessment form used a researcher-devel-
oped questionnaire based on literature review and
previous research [14]. This instrument comprised eight
items rated on a 5-point Likert scale (5=very satis-
fied and 1=less satisfied). The questionnaire underwent
content validity assessment by three experts, yield-
ing a content validity index of 0.85. Internal consis-
tency reliability testing during this study demonstrated
Cronbach α coefficient of .89.

3. Feasibility assessment form evaluated users’ perspec-
tives on implementing the mobile app games and
prototype lung exercise equipment. This researcher-
developed instrument, grounded in literature review and
related research, contained 4 items rated on a 5-point
Likert scale (5=most likely and 1=least possibility).
Content validity assessment by 3 experts produced a
content validity index of 0.82, and reliability testing
during the study was Cronbach α coefficient of .86.

Ethical Considerations
The researcher protected the rights of the sample sub-
jects and received approval from the Human Research
Ethics Committee, Khon Kaen University, Thailand, number
HE664028, approved on February 12, 2024. After receiving
approval for data collection, an experiment was conducted
and data were collected, taking into account the ethics of
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researchers, the principle of benefit, the principle of justice,
and respect for people. All participants provided written
informed consent before study enrollment. The consent
process included a detailed explanation of the study objec-
tives, procedures, potential risks and benefits, data collec-
tion methods, and confidentiality measures. Participants were
explicitly informed of their right to withdraw from the study
at any time without any negative consequences. They were
given adequate time to read the consent form, ask questions,
and discuss any concerns before signing. The sample group
could terminate their participation without giving reasons to
the researcher, and they would not lose any benefits. All
information was kept confidential and was not disclosed. The
researcher analyzed the data as a whole, using it solely for
educational purposes.
Statistical Analysis
Data analysis was conducted using SPSS (version 28,
IBMCorp). Demographic data were analyzed using descrip-
tive statistics, specifically frequency and percentage
distributions. Both satisfaction and feasibility scores were
analyzed using means and SDs. The interpretation of
satisfaction scores followed a 5-point scale: 4.51‐5 (very
satisfied), 3.51‐4.5 (quite satisfied), 2.51‐3.5 (moderately

satisfied), 1.51‐2.5 (less satisfied), 1.00‐1.5 (least satis-
fied). Similarly, feasibility scores were interpreted using
the following scale: 4.51‐5 (most likely feasible), 3.51‐4.5
(highly feasible), 2.51‐3.5 (moderately feasible), 1.51‐2.5
(less feasible), 1‐1.5 (least feasible).

Results
The study was conducted from April 25, 2024, to July
31, 2024. As shown in Table 1, 84 out of 110 partici-
pants (76.4%) were female, and 71 out of 110 participants
(64.5%) were aged between 18‐39 years. In total, 56 out of
110 participants (50.9%) had a bachelor’s degree or higher
education and 82 out of 110 participants (74.5%) were civil
servants, government employees, or state enterprise employ-
ees.

From Table 1, this study included 84 out of 110 par-
ticipants (76.4%) were female, and 71 out of 110 partici-
pants (64.5%) were aged between 18‐39 years. 56 out of
110 participants (50.9%) had a bachelor’s degree or higher
education and 82 out of 110 participants (74.5%) were civil
servants, government employees/state enterprise employees.

Table 1. Number and percentage of the sample classified by personal information (n=110).
Demographic characteristics Participants
Gender, n (%)

Male 26 (23.6)
  Female 84 (76.4)
Age (years), n (%)

18‐39 71 (64.5)
40‐59 36 (32.7)
>59 3 (2.7)

Education, n (%)
Elementary school 3 (2.7)
High school or vocational certificate 51 (46.4)
Bachelor’s degree or higher education 56 (50.9)

Occupation, n (%)
Civil servants, government employees, or state enterprise employees 82 (74.5)

  Private employees 7 (6.4)
Farmer 5 (4.5)
General employee 2 (1.8)
Student 12 (10.9)
Unemployed or did not work 2 (1.8)

The satisfaction of users of mobile app games and prototype
lung exercise equipment connected to the game is presented
in Table 2. It was found that the sample group was satisfied
overall at a high level (mean 4.4, SD 0.4). When consider
each item. It was found that the sample group was satisfied
at a high level in all items. When categorizing each item, it

was found that the sample had interesting games on mobile
app (mean 4.5, SD 0.6), and the strength and durability
of the prototype lung exercise device is connected to the
game (mean 4.5, SD 0.5). Followed by the appropriateness
of the shape and size of the prototype lung exercise device is
connected to the game (mean 4.4, SD 0.5).
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Table 2. Satisfaction of users of mobile application games and prototype lung exercise equipment connected to the game.
Satisfaction topics Mean (SD) Result
Interesting games on mobile application. 4.5 (0.6) High
Suitability of the game display screen on the mobile application. 4.3 (0.6) High
Ease of use of mobile application games. 4.3 (0.5) High
Convenience in recording basic information for using games on mobile applications. 4.3 (0.5) High
The appropriateness of the shape and size of the prototype lung exercise device is connected to the game. 4.4 (0.5) High
The appropriateness of the selection of materials for the prototype lung exercise device connected to the game. 4.4 (0.6) High
The strength and durability of the prototype lung exercise device is connected to the game. 4.5 (0.5) High
Details and clarity of the user manual. 4.4 (0.5) High
Overall satisfaction 4.4 (0.4) High

The feasibility of mobile app games and prototype devices
that use lung exercises connected to games is shown in Table
3. It was found that the sample group was of the opinion
that the overall feasibility was at a high level, (mean 4.4, SD
0.5). When considering each item, it was found that mobile

app games and prototype devices that use lung exercises
connected to games are useful at the highest level, (mean 4.5,
SD 0.5), followed by the response of the game on the mobile
app and the prototype lung exercise device connected to the
game (mean 4.4, SD 0.5).

Table 3. Feasibility of mobile app games and prototype devices that use lung exercises connected to games.
Feasibility topics Mean (SD) Result
Feasibility of games on mobile applications and prototype devices that use lung exercises connected to games. 4.4 (0.5) High
Putting a game on a mobile application and a prototype device that uses lung exercises connected to the game
into practice.

4.4 (0.6) High

Mobile application games and prototype devices that use lung exercises connected to games are useful. 4.5 (0.5) Highest
The response of the game on the mobile application and the prototype lung exercise device connected to the
game.

4.4 (0.5) High

Overall feasibility 4.4 (0.5) High

Discussion
Principal Findings
In addressing our first objective of developing an integra-
ted lung rehabilitation innovation, our results demonstrated
successful creation of a mobile-based gaming app paired with
a prototype assessment device. The user satisfaction scores
(mean 4.4, SD 0.4) indicate strong user acceptance of the
integrated system, particularly in terms of interesting mobile
app games and the strength and durability of the prototype
lung exercise device connected to the game. These find-
ings align with previous research [15] in which the research-
ers similarly found that gamified respiratory interventions
achieved high user acceptance rates in their 2021 study.

Analysis of satisfaction data revealed important insights
about our integrated system’s design and functionality.
Participants expressed high satisfaction with 2 key aspects
including the mobile app game’s visual appeal and the
durability of the prototype lung exercise device. The physical
design elements, specifically the shape and size of the
prototype device, also received favorable ratings. These
findings align with research emphasizing the importance of
aesthetic appeal and ergonomic design in health care devices,
particularly for maintaining user engagement in rehabilita-
tion tools. However, our assessment also identified an area
requiring improvement such as the process of recording basic

information within the mobile app. Similar challenges in user
data management have been noted in other digital health
interventions, such as in the study by Ezeonu et al [16].

Regarding our second objective of evaluating implementa-
tion potential, the feasibility assessment results (mean 4.4,
SD 0.5) suggest that our system shows promise for practical
application in lung rehabilitation. This finding particularly
resonates with Rung et al’s [17] work, which demonstra-
ted that game-based mindfulness interventions can effec-
tively promote consistent practice adherence. User feedback
analysis revealed high satisfaction ratings for the “Headspace
app,” with participants reporting positive acceptance and
engagement with the meditation platform.

The feasibility assessment revealed strong potential for
practical implementation of our integrated system. Partici-
pants rated the utility of the mobile app game and connected
prototype device at the highest level of feasibility, suggesting
robust practical value for lung rehabilitation purposes. The
system’s responsiveness, a critical factor in gaming interven-
tions, also received high feasibility ratings. These positive
evaluations of both use and responsiveness indicate that
our integrated approach successfully addresses key require-
ments for real-world implementation in lung rehabilitation
practice. These findings align with current trends in digital
health interventions, where responsive, user-friendly systems
have been shown to enhance engagement with therapeutic
exercises [16].
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The high feasibility ratings for both use and respon-
siveness support previous research indicating that gamified
approaches can effectively bridge the gap between traditional
rehabilitation exercises and patient engagement. Our results
particularly complement studies [18], in which researchers
found, in their 2024 systematic review, that interactive
digital platforms incorporating augmented reality for physical
exercise show significant promise for widespread adoption,
with demonstrated improvements in both physical activity
levels and mental health outcomes across diverse popula-
tions [18]. A previous study [19] demonstrated that mobile
apps with visual elements significantly outperform traditional
audio-only approaches for breathing training. Their study
proved that wave-based visualizations led to both measurably
deeper breathing and higher user satisfaction, establishing that
well-designed visual interfaces enhance respiratory exercise
outcomes [19].

The positive satisfaction ratings for both physical and
digital components validate our integrated approach to lung
rehabilitation, while the identified area for improvement
offers a clear pathway for system enhancement. The strong
feasibility scores across both technical performance and
practical use suggest that our integrated system has significant

potential for further development and implementation in
clinical settings.
Limitations and Future Research
This study developed a mobile app game for practicing
lung exercises, but it was tested only on healthy volunteers,
limiting its applicability to patients requiring lung rehabilita-
tion. The short testing period also restricted the assessment
of long-term effectiveness. Future research should involve
clinical trials with patients, such as postoperative or chest
trauma patients, to evaluate the application’s impact on lung
function and its role in pulmonary rehabilitation.
Conclusions
This study developed a mobile app game for practicing lung
exercises, accompanied by a prototype device called the
Pulmo device, which connects to the app. The innovation was
used by the general public and user feedback indicated high
levels of satisfaction and suggested the potential for practical
app. However, future studies should evaluate the effective-
ness of this innovation in patients requiring pulmonary
rehabilitation to further validate its clinical benefits.
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