Zﬂ turnitin Page 1 of 16 - Cover Page

NG

9 August JSA 2026 OKE Nur Iffah

B JsA

Document Details

Submission ID

trn:oid:::3618:149912180

Submission Date

Aug 30, 2026, 6:26 PM GMT+7

Download Date

Aug 30, 2026, 6:51 PM GMT+7

File Name

9 August JSA 2026 OKE Nur Iffah.pdf

File Size

826.2 KB

Z"j turnltln Page 1 of 16 - Cover Page

Submission ID  trn:0id:::3618:149912180

11 Pages

5,743 Words

34,799 Characters

Submission ID trn:o0id:::3618:149912180



z'l-.l turnitin | Page 2 of 16 - Integrity Overview Submission ID _ trn:0id::3618:149912180

13% Overall Similarity

The combined total of all matches, including overlapping sources, for each database.

Filtered from the Report

» Bibliography

Match Groups Top Sources

. 55 Not Cited or Quoted 12% 10% @ Internetsources

Matches with neither in-text citation nor quotation marks 7% B2 Publications

93 8 Missing Quotations 2% 9% 2 Submitted works (Student Papers)
Matches that are still very similar to source material

0 Missing Citation 0%
Matches that have quotation marks, but no in-text citation

“

0 Cited and Quoted 0%
Matches with in-text citation present, but no quotation marks

Integrity Flags

0 Integrity Flags for Review
Our system's algorithms look deeply at a document for any inconsistencies that
would set it apart from a normal submission. If we notice something strange, we flag
it for you to review.

A Flag is not necessarily an indicator of a problem. However, we'd recommend you
focus your attention there for further review.

z"j turnitln Page 2 of 16 - Integrity Overview Submission ID  trn:oid:::3618:149912180



zﬂ turnitin Page 3 of 16 - Integrity Overview

Match Groups
. 55 Not Cited or Quoted 12%
Matches with neither in-text citation nor quotation marks

99 8 Missing Quotations 2%
Matches that are still very similar to source material

0 Missing Citation 0%
Matches that have quotation marks, but no in-text citation

“

0 Cited and Quoted 0%
Matches with in-text citation present, but no quotation marks

Top Sources

Top Sources

10%
7%
9%

@ Internet sources
RE Publications

2 Submitted works (Student Papers)

The sources with the highest number of matches within the submission. Overlapping sources will not be displayed.

o Internet

www.frontiersin.org 2%
Student papers

Universitas Islam Riau on 2026-08-08 1%
Internet

journal.uir.ac.id 1%
Student papers

Universitas Islam Riau on 2026-08-29 <1%
o Internet

www.researchsquare.com <1%
° Publication

Edy Setiyo Utomo, Chalimah Chalimah, Ahmad Farhan. "Development of multilite... <1%
Publication

Wipada Phinla, Wipapan Phinla, Natcha Mahapoonyanont. "Development of a co... <1%
° Internet

ejurnal.ung.ac.id <1%
° Student papers

Muhimbili University of Health and Allied Sciences on 2026-07-30 <1%
c Student papers

Universitas Islam Riau on 2026-06-26 <1%

zr'j turnit"’] Page 3 of 16 - Integrity Overview

Submission ID  trn:0id:::3618:149912180

Submission ID trn:o0id:::3618:149912180


https://www.frontiersin.org/journals/public-health/articles/10.3389/fpubh.2026.1926848/full
https://journal.uir.ac.id/index.php/JSP/article/download/27562/10166/108531
https://www.researchsquare.com/article/rs-8361786/v1
https://doi.org/10.22460/infinity.v15i1.p59-88
https://doi.org/10.31124/advance.175009297.72398139/v1
https://ejurnal.ung.ac.id/index.php/jas/article/download/38344/13992

zﬂ turnitin Page 4 of 16 - Integrity Overview

Internet

louisdl.louislibraries.org

Internet

www.rug.nl

Internet

dergipark.org.tr

° Internet

rsisinternational.org

o Publication

Heyman, Nina Brojan. "How Lifestyle Behaviors Are Associated With Occupationa...

e Internet

e-journal.hamzanwadi.ac.id

Internet

link.springer.com

a Internet

mdpi-res.com

o Internet

opus.lib.uts.edu.au

m Internet

ejournal.iiknutuban.ac.id

Publication

Cennet Ciris Yildiz, Dilek Yildirim, Sercan Kara, Esra Karagoz. " The effects of -19f...

Publication

Gune, Aditya. "Mixture Hidden Markov Model for Clustering of Nurse Fatigue Patt...

Student papers

Universitas Islam Riau on 2026-08-10

a Internet

jhrimc.com

ZI'j turn't'n Page 4 of 16 - Integrity Overview

<1%

<1%

<1%

<1%

<1%

<1%

<1%

<1%

<1%

<1%

<1%

<1%

<1%

<1%

Submission ID  trn:0id:::3618:149912180

Submission ID trn:o0id:::3618:149912180


http://louisdl.louislibraries.org/cdm/compoundobject/collection/p120701coll25/id/130769/rec/12
https://www.rug.nl/research/portal/files/128511102/74624467_5649702_518927_Broekhuis_Manuscript.PDF
https://dergipark.org.tr/en/download/article-file/1418238
https://rsisinternational.org/journals/ijrsi/uploads/vol13-iss13-pg167-185-202606_pdf.pdf
https://gateway.proquest.com/openurl?res_dat=xri%3Apqm&rft_dat=xri%3Apqdiss%3A32670123&rft_val_fmt=info%3Aofi%2Ffmt%3Akev%3Amtx%3Adissertation&url_ver=Z39.88-2004
https://e-journal.hamzanwadi.ac.id/index.php/porkes/article/download/29524/6849/189245
https://link.springer.com/article/10.1007/s10792-020-01323-6?code=5644ceb2-c256-49f2-929d-8b3b2bb8b1e8&error=cookies_not_supported
https://mdpi-res.com/d_attachment/curroncol/curroncol-33-00078/article_deploy/curroncol-33-00078.pdf?version=1769606254
https://opus.lib.uts.edu.au/bitstream/10453/190658/1/thesis.pdf
https://ejournal.iiknutuban.ac.id/index.php/jp/article/download/860/265/2942
https://doi.org/10.1111/nhs.13060
http://gateway.proquest.com/openurl?res_dat=xri%3Apqm&rft_dat=xri%3Apqdiss%3A28031378&rft_val_fmt=info%3Aofi%2Ffmt%3Akev%3Amtx%3Adissertation&url_ver=Z39.88-2004
https://jhrlmc.com/index.php/home/article/view/675

zﬂ turnitin Page 5 of 16 - Integrity Overview

Internet

www.dovepress.com

a Internet

ojs.amhinternational.com

Publication

Jacinto, Miguel Angelo Susano. "Effects of Physical Exercise on Individuals With In...

a Publication

Jillian Dorrian, Stuart D. Baulk, Drew Dawson. "Work hours, workload, sleep and f...

Publication

Mohammad H. Rahbar, Siroos Hozhabri, Jianling Wang. "Prevalence of anaemia a...

Student papers

University of Hertfordshire on 2026-05-08

Student papers

University of South Florida on 2022-03-28

Internet

people.usd.ac.id

Internet

www.mdpi.com

Student papers

Erasmus University Rotterdam on 2026-06-12

Student papers

Teesside University (Blackboard Ultra) on 2026-05-01

Student papers

College of Public Health on 2026-01-25

Publication

M Wake. "Parent-reported health status of overweight and obese Australian prim...

zr'j ‘turn|t|n Page 5 of 16 - Integrity Overview

<1%

<1%

<1%

<1%

<1%

<1%

<1%

<1%

<1%

<1%

<1%

<1%

<1%

Submission ID  trn:0id:::3618:149912180

Submission ID trn:o0id:::3618:149912180


https://www.dovepress.com/physical-activity-prescription-in-saudi-healthcare-investigating-healt-peer-reviewed-fulltext-article-JMDH
https://ojs.amhinternational.com/index.php/imbr/issue/download/317/16%283%29I
https://gateway.proquest.com/openurl?res_dat=xri%3Apqm&rft_dat=xri%3Apqdiss%3A32160932&rft_val_fmt=info%3Aofi%2Ffmt%3Akev%3Amtx%3Adissertation&url_ver=Z39.88-2004
https://doi.org/10.1016/j.apergo.2010.06.009
https://doi.org/10.1080/02772240601025038
https://people.usd.ac.id/~dosen/repository/ika/identification.pdf
https://www.mdpi.com/1660-4601/18/23/12656
https://doi.org/10.1038/sj.ijo.0801974

*e

haloport, drea s s gy

ttp://journal.uir.ac.id/index.php/JSP
Vol. 11. No. 2. August, (2026) PRESS

Development and preliminary evaluation of a mobile-based
assessment system for BMI, perceived workload, and
subjective fatigue

Nur Iffah'**** @ Joan Rhobi Andrianto'®** ©, Nurmala Hindun?*% ©,

Loso Judijanto*® @, & Subhanjaya Angga Atmaja**’

Universitas PGRI Jombang, Indonesia'
Universitas Insan Budi Utomo, Indonesia®
IPOSS Jakarta, Indonesia’

Universitas Kebangsaan Republik Indonesia, Indonesia*

Received 17 December 2025; Accepted 12 August 2026; Published 30 August 2026
Ed 2026; 11(2): 255-265

ABSTRACT

Background: Physical condition, workload, and fatigue are important considerations among workers engaged in
repetitive and physically demanding activities. However, practical mobile-based systems integrating these
indicators into a single assessment workflow remain limited. Objectives: This study aimed to develop and
preliminarily evaluate a mobile-based assessment system for BMI, perceived workload, and subjective fatigue and
examine their associations among industrial workers. Methods: A research and development design using the
ADDIE framework was followed by a cross-sectional evaluation of 77 industrial workers recruited through
convenience sampling. The application assessed BMI, perceived workload, and subjective fatigue using the
Fatigue Assessment Scale. Associations among variables were examined using Pearson's chi-square test and
Cramér's V. Results: The application demonstrated favorable preliminary expert and user evaluations, with scores
of 87.11% for material validity, 92.90% for media validity, and 91.58% for user practicality. Among 77 workers,
51.9% reported moderate workload and 35.1% had high fatigue. Perceived workload was significantly associated
with subjective fatigue, whereas BMI was not. High fatigue was more prevalent among workers with high
workload (56.0%) than low workload (8.3%) and among those with obesity (62.5%) than normal BMI (25.0%).
Conclusion: The developed mobile-based system provides an integrated digital workflow for assessing BMI,
perceived workload, and subjective fatigue and demonstrated favorable preliminary expert and user evaluations.
The observed distribution of fatigue across workload and BMI categories warrants further investigation using
larger samples, longitudinal designs, objective physiological measures, and standardized usability assessments.
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INTRODUCTION
Physical activity, body composition, and health-related fitness are important determinants of health and
@ human performance, particularly among populations exposed to sustained physical demands. Regular physical
activity contributes to the maintenance of physical capacity and functional health, whereas insufficient or
poorly managed physical activity may increase the risk of adverse health outcomes and impaired physical
functioning (Bourke et al., 2024). In occupational settings, however, physical activity performed as part of
work should not automatically be considered health-enhancing physical activity, as repetitive and physically
demanding tasks may impose substantial physiological demands without necessarily improving health-related
fitness (Manttéri et al., 2021). Individual body characteristics, workload, fatigue, and functional capacity may
therefore be relevant to understanding physical demands and human performance. From a sport science and
health-promotion perspective, understanding these factors is important because sustained performance
depends on the balance between individual capacity, task demands, and recovery. Previous research has also
e emphasized the importance of physical activity, nutrition, adequate recovery, and healthy behavioral practices
in maintaining physical condition and reducing fatigue-related consequences (Chang de Pinho et al., 2024;
Yin et al., 2025). Consequently, systematic assessment of body characteristics, workload, and fatigue may
provide useful information for health promotion and performance maintenance among individuals exposed to
physically demanding activities.

Physical workload is an important determinant of physiological strain and may be closely related to fatigue
because repeated or prolonged demands require continuous regulation of energy expenditure, muscular
activity, and recovery. From an exercise physiology perspective, repeated physical loading without adequate
recovery may impair performance and contribute to fatigue accumulation (Orejel Bustos et al., 2021).
Workload is also multidimensional and may encompass physical demands, cognitive requirements, time
pressure, and emotional demands, which can collectively influence perceived fatigue (Iman et al., 2025; Kenny
& Fluck, 2023). Previous research has reported associations between higher workload and greater fatigue or
reduced functional capacity in occupational populations (Cho et al., 2022; Hassanzadeh-Rangi et al., 2023).
Similar workload-recovery principles are recognized in sport, where repeated exercise without sufficient
recovery may be accompanied by declining performance and increased fatigue or overuse-related problems
(Orejel Bustos et al., 2021). These principles may also be relevant to industrial workers who routinely perform
repetitive movements, prolonged postures, and sustained physical tasks. Accordingly, examining perceived
workload alongside individual body characteristics may provide additional information for understanding
patterns of subjective fatigue.

Fatigue is a multifactorial phenomenon that may emerge when task demands interact with an individual's
capacity to sustain performance and recover adequately. Contemporary perspectives on fatigue and human
performance emphasize the interaction of physiological capacity, task demands, psychological factors, and
recovery processes (Behrens et al., 2023). Repeated exposure to demanding activities without sufficient
recovery may be accompanied by reduced physical and cognitive performance, impaired concentration, and

@ increased perceived exhaustion (Cho et al., 2022; Orejel Bustos et al., 2021). Body characteristics may also
contribute to individual differences in fatigue, as greater body mass can increase the energetic demands of
movement and physical activity. In this context, BMI provides an accessible anthropometric indicator that can
be assessed alongside perceived workload and subjective fatigue, although it should not be regarded as a
comprehensive measure of physical fitness. The relationship among workload, body characteristics, and
fatigue is particularly relevant to workers whose daily activities involve repetitive and physically demanding
tasks. From a human-performance perspective, maintaining functional capacity requires an appropriate
balance between task demands, individual capacity, and recovery. Integrated assessment of these factors may
therefore provide a more comprehensive description of fatigue-related patterns in applied settings.

Advances in mobile health technology provide opportunities to integrate health and fatigue-related
assessments into accessible and practical digital systems. Mobile applications can facilitate the collection,
processing, and presentation of health-related information while potentially reducing the limitations associated

@ with fragmented or periodic assessment approaches (Brick et al., 2020). Previous studies have demonstrated
the potential of mobile applications for supporting health-related behavior, monitoring body-related indicators,
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and addressing fatigue-related problems (Bonvanie et al., 2020; Gultom et al., 2022; Scarry et al., 2022).
Within sport science, exercise physiology, and physical activity and health research, such technologies may
extend conventional assessment approaches by providing accessible tools for recording indicators related to
body characteristics, workload, and fatigue. For individuals exposed to physically demanding activities, an
integrated mobile-based assessment system may facilitate more systematic assessment and provide accessible
information for health and recovery management. Although mobile applications have increasingly been
applied to health assessment, existing approaches have commonly focused on individual indicators or specific
health outcomes. A platform integrating body characteristics, perceived workload, and subjective fatigue may
therefore offer a more comprehensive approach to assessing these interrelated factors in applied settings.

Despite growing interest in mobile health technologies and fatigue assessment, a gap remains in the
integration of body characteristics, perceived workload, and subjective fatigue within a single mobile-based
assessment framework. Previous research has examined occupational fatigue, physical workload, physical
activity, and mobile health applications largely as separate domains (Anwar & Sari, 2021; Brambilla et al.,
2023; Kang et al., 2021). Moreover, although existing mobile-based approaches demonstrate the feasibility of
assessing specific health indicators, limited research has operationalized concepts from exercise physiology,
physical activity and health, and fatigue science within an integrated assessment workflow for individuals
exposed to sustained physical demands. This gap is particularly relevant in industrial environments, where
repetitive tasks and varying workload demands may be associated with differences in perceived fatigue and
functional performance. The need is therefore not simply for another health application, but for a practical
assessment system that integrates complementary indicators of body characteristics, perceived workload, and
subjective fatigue and enables their relationships to be examined in an applied population. Addressing this gap
may extend the application of exercise physiology and sport science beyond conventional athletic populations
while demonstrating the potential of mobile technology for integrated physical activity and health assessment
in real-world occupational settings.

Therefore, this study aimed to develop and preliminarily evaluate a mobile-based assessment system
integrating BMI, perceived workload, and subjective fatigue and to examine the associations among these
variables in industrial workers. Specifically, the study sought to (i) develop an integrated mobile-based
assessment workflow; (ii) evaluate its preliminary feasibility through expert appraisal and user assessment;
and (iii) examine the associations among BMI, perceived workload, and subjective fatigue.

METHODS
Study Design and Development Procedure

This study employed a research and development (R&D) design based on the ADDIE framework,
comprising five stages: Analysis, Design, Development, Implementation, and Evaluation. The study aimed to
develop a mobile-based assessment system integrating body mass index (BMI), perceived workload, and
subjective fatigue. The overall study flow and development procedure are presented in Figure 1, illustrating
the sequential process from the initial analysis and system design through application development,
implementation, and evaluation. Following the development phase, a preliminary field evaluation was
conducted among industrial workers to assess the practicality of the system and examine the associations
among BMI, perceived workload, and subjective fatigue.

* Need Analysis * Feature Design « Content * Apps « Effectiveness of
- Target « UI/UX Design Development Installation and the Android
Audience « Workflow and « Storyboard Distribution Apps
Analysis System Design Development * Useer Training

« Indicator » Courseware » Managing
Analysis Development Activities

« Data Collection

Figure 1. Research Flow
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Participants
The study was conducted at PT HM Sampoerna, Jombang, Indonesia, from September to November 2025.
@ The target population comprised 334 production workers. A sample of 77 workers was determined using the
Slovin formula with a 10% margin of error and recruited through convenience sampling. Eligible participants
were active production workers aged >18 years who were willing to participate and able to complete the
assessment. Participants with incomplete data or who withdrew from the study were excluded.

Assessment Measures

The mobile application incorporated three assessment components: body mass index (BMI), perceived
workload, and subjective fatigue. The study variables, assessment instruments, indicators, scoring procedures,
and corresponding sources are summarised in Table 1. BMI was determined from body weight and height
using the BMI formula (kg/m?) and classified into underweight, normal weight, overweight, and obesity
categories. Subjective fatigue was assessed using the 10-item Fatigue Assessment Scale (FAS), with total
scores ranging from 10 to 50, with higher scores indicating greater fatigue. Perceived workload was assessed
using a 15-item questionnaire covering five dimensions: physical workload, mental workload, emotional
workload, time pressure, and task variety.

Table 1. Study Variables and Assessment Procedures

Variable Assessment indicator/instrument Scoring/classification Source
BMI = weight (kg)/height? (m?);
e BMI Body weight and height underweight, normal, overweight, and World Health

obesity categories Organization

Total score 10-50; higher scores indicate ~ Michielsen et al.

greater fatigue (2003)

Hakim & A.P.,

(2024); Kjang et
al. (2022)

Subjective fatigue Fatigue Assessment Scale (10 items)

Specify the validated/adapted scoring

Perceived workload Workload assessment questionnaire H ;
system and non-overlapping categories

Expert and User Evaluation
The developed application underwent preliminary evaluation by experts and users. The assessment
domains, item distribution, and response scale for the expert and user evaluations are presented in Tables 2
and 3, respectively. The expert evaluation assessed four aspects of the application: interface design, content
accuracy, clarity and ease of use, and system performance and compatibility (Table 2). The user evaluation
assessed ease of use, perceived functionality, interface satisfaction, and user acceptance (Table 3). Both
@ evaluation instruments consisted of 20 items and used a four-point Likert-type response scale, ranging from 1
(strongly disagree) to 4 (strongly agree).

Table 2. Media Expert Evaluation Instrument

Aspect Items Response Scale
Interface design 1-5 14
Content accuracy 6-10 14
Clarity and ease of use 11-15 14
System performance and compatibility 16-20 1-4

Table 3. User Evaluation Instrument

Aspect Items Response Scale
Ease of use 1-5 1-4
Functionality perception 6-10 1-4
Interface satisfaction 11-15 1-4
User acceptance 16-20 1-4

G Note. 1 = strongly disagree; 2 = disagree; 3 = agree; 4 = strongly agree.
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Data Analysis
Descriptive statistics were used to summarise participant characteristics and the distribution of BMI,
perceived workload, and subjective fatigue. Cross-tabulations were performed to examine the distribution of
the categorical variables. Pearson's chi-square test was used to assess associations among BMI, perceived
%orkload, and subjective fatigue, with statistical significance set at p < .05. Cramér's VV was used to estimate
e strength of significant associations.

Ethical Approval
Ethical approval was obtained from the Academic Integrity Committee, Universitas PGRI Jombang,
through Academic Integrity Approval Letter No. 029/TKIA/KL/2025, issued on September 1, 2025. Before
data collection, participants were informed about the study objectives, procedures, voluntary participation,
a@nfidentiality, and their right to withdraw. Verbal informed consent was obtained from all participants. All
collected data were treated confidentially and used solely for research purposes.

RESULTS AND DISCUSSION

Results

Participant Characteristics

A total of 77 industrial workers participated in the field evaluation. As shown in Table 4, 50 participants

a (64.9%) were male and 27 (35.1%) were female. Most participants were aged 36-45 years (62.3%) and had

more than 10 years of work experience (48.0%). Regarding BMI, 28 participants (36.3%) were classified as

having normal weight, 25 (32.5%) as overweight, and 24 (31.2%) as obese. No participants were classified as

underweight.

e Table 4. Participant Characteristics
Characteristic Category n %
Sex Male 50 64.9
Female 27 35.1
18-25 4 5.2
26-35 13 16.9
Age (years) 36-45 48 62.3
46-55 12 15.6
<5 15 19.5
Work experience (years) 5-10 25 32.5
>10 37 48.0
Underweight 0 0.0
Normal weight 28 36.3
BMI category Overweight 25 32.5
Obesity 24 31.2
Total 77 100.0

Preliminary Expert and User Evaluation

@ The developed mobile-based assessment system underwent preliminary appraisal by a material expert, a
media expert, and users. The results are presented in Table 5. The material expert evaluation yielded an overall
score of 87.11%, with scores of 88.00% for BMI assessment accuracy, 87.60% for subjective fatigue
assessment accuracy, and 85.75% for workload evaluation indicators. The media expert evaluation yielded an
overall score of 92.90%, with scores ranging from 88.95% to 98.00% across the assessed domains. The overall
user practicality score was 91.58%, with individual domain scores ranging from 89.00% to 93.00%.
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Table 5. Results of Preliminary Expert Appraisal and User Evaluation

Evaluation Aspect Score (%) Criterion
BMI assessment accuracy 88.00 Valid
Material expert Subjective fatigue assessment accuracy 87.60 Valid
Workload evaluation indicators 85.75 Quite valid
Overall material expert 87.11 Valid
Interface design 95.00 Valid
Content accuracy 89.90 Valid
Media expert Clarity and ease of use 98.00 Valid
System performance and compatibility 88.95 Valid
Overall media expert 92.90 Valid
Ease of use 93.00 Very practical
User perception 91.83 Very practical
User evaluation Perception 92.50 Very practical
Interface satisfaction 89.00 Very practical
Overall practicality 91.58 Very practical

Distribution of BMI, Perceived Workload, and Subjective Fatigue

The distribution of BMI, perceived workload, and subjective fatigue is presented in Table 6. Of the 77
participants, 28 (36.3%) had normal BMI, 25 (32.5%) were overweight, and 24 (31.2%) were obese. Perceived
workload was classified as low in 12 participants (15.6%), moderate in 40 (51.9%), and high in 25 (32.5%).
Regarding subjective fatigue, 21 participants (27.3%) reported low fatigue, 29 (37.7%) moderate fatigue, and
27 (35.1%) high fatigue. Thus, moderate workload and moderate fatigue were the most frequently observed

categories.
Table 6. Distribution of BMI, Perceived Workload, and Subjective Fatigue

Variable Category n (%)

a Underweight (<18.5) 0 (0.0)
BMI Normal weight (18.5-24.9) 28 (36.3)
Overweight (25.0-29.9) 25 (32.5)
Obesity (=30.0) 24 (31.2)
Low 12 (15.6)
Perceived workload Moderate 40 (51.9)
High 25 (32.5)
Low 21 (27.3)
Subjective fatigue Moderate 29 (37.7)
High 27 (35.1)
Total 77 (100.0)

Associations Among BMI, Perceived Workload, and Subjective Fatigue
The associations among BMI, perceived workload, and subjective fatigue were examined using Pearson's
chi-square tests. The cross-tabulation results are presented in Table 7.

BMI and Perceived Workload

The distribution of perceived workload was relatively similar across BMI categories. Among participants
with normal BMI, 17.9% reported low workload, 50.0% moderate workload, and 32.1% high workload.
Corresponding proportions among overweight participants were 16.0%, 52.0%, and 32.0%, respectively,
whereas among participants with obesity they were 12.5%, 54.2%, and 33.3%, respectively. Based on the
frequencies presented in the table, no statistically significant association was observed between BMI category
and perceived workload.

BMI and Subjective Fatigue
The distribution of subjective fatigue differed descriptively across BMI categories. Among participants
with normal BMI, 25.0% reported high fatigue, compared with 32.0% among overweight participants and
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62.5% among participants with obesity. However, the observed descriptive pattern should not be interpreted
as evidence of a statistically significant association without reference to the verified inferential test.

Perceived Workload and Subjective Fatigue

A clear descriptive gradient was observed between perceived workload and subjective fatigue. Among
participants reporting low workload, 8.3% had high fatigue. This proportion increased to 30.0% among those
with moderate workload and 56.0% among those with high workload. Thus, higher perceived workload was
accompanied by a greater proportion of participants classified as having high subjective fatigue.

Table 7. Cross-Tabulation of Study Variables
BMI and Perceived Workload

@ BMI category Low workload Moderate workload High workload Total
Underweight 0(0.0) 0(0.0) 0(0.0) 0
Normal weight 5(17.9) 14 (50.0) 9(32.1) 28 (100.0)
Overweight 4 (16.0) 13 (52.0) 8 (32.0) 25 (100.0)
Obesity 3(12.5) 13 (54.2) 8 (33.3) 24 (100.0)
Total 12 (15.6) 40 (51.9) 25 (32.5) 77 (100.0)
BMI and Subjective Fatigue
e e BMI category Low fatigue Moderate fatigue High fatigue Total
Underweight 0 (0.0 0(0.0) 0(0.0) 0
Normal weight 9(32.1) 12 (42.9) 7 (25.0) 28 (100.0)
Overweight 6 (24.0) 11 (44.0) 8 (32.0) 25 (100.0)
Obesity 3(12.5) 6 (25.0) 15 (62.5) 24 (100.0)
Total 21 (27.3) 29 (37.7) 27 (35.1) 77 (100.0)
Perceived Workload and Subjective Fatigue
Perceived workload Low fatigue Moderate fatigue High fatigue Total
Low 8 (66.7) 3(25.0) 1(8.3) 12 (100.0)
Moderate 10 (25.0) 18 (45.0) 12 (30.0) 40 (100.0)
High 3(12.0) 8 (32.0) 14 (56.0) 25 (100.0)
Total 21 (27.3) 29 (37.7) 27 (35.1) 77 (100.0)

Effect Sizes

Cramér's V was used to quantify the strength of association between the categorical study variables. Table
8 presents the Pearson's chi-square statistics, p values, and corresponding Cramér's V coefficients for the
associations among BMI, perceived workload, and subjective fatigue. The magnitude of the associations was
interpreted based on the Cramér's V criteria specified in the Methods section.

Table 8. Associations and Effect Sizes Among Study Variables

Variable relationship Pearson's p Cramér's V Interpretation
BMI—Perceived workload 1.585 124 .10 Weak
BMI-Subjective fatigue 6.342 175 .20 Weak
Perceived workload—Subjective fatigue 8.128 .087 .23 Weak

e gyte. Cramér's V was used to describe the strength of association between categorical variables. Statistical significance was evaluated at p < .05.

Discussion

This study developed and preliminarily evaluated a mobile-based assessment system integrating body mass
index (BMI), perceived workload, and subjective fatigue among industrial workers. The findings indicate
different patterns across the assessed variables. While BMI showed a descriptive pattern with subjective
fatigue that did not reach statistical significance, perceived workload was associated with subjective fatigue.
These findings highlight the potential value of integrating individual body characteristics and task-related
demands when assessing fatigue among workers exposed to sustained physical demands.

The association between BMI and subjective fatigue was not statistically significant, although a descriptive
gradient was observed across BMI categories. Participants with obesity had a higher proportion of high fatigue
(62.5%) than those with normal BMI (25.0%). This pattern should be interpreted cautiously because BMI is
an anthropometric indicator and does not directly represent physical fitness or physiological capacity. Greater
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body mass may increase the energetic demands of movement and physical activity, potentially influencing
perceived exertion and fatigue during physically demanding (Grevendonk et al., 2021; Phoemsapthawee &
Phoemsapthawee, 2025). Previous research has also reported relationships among physical activity, fatigue,
and physical condition (Hanif et al., 2024). Nevertheless, the absence of a statistically significant association
in the present study indicates that BMI alone may be insufficient to explain individual differences in subjective
fatigue. Future studies should therefore examine BMI alongside direct measures of physical fitness, physical
activity, and physiological capacity.

In contrast, perceived workload was significantly associated with subjective fatigue. Participants reporting
high workload had a substantially greater proportion of high fatigue (56.0%) than those reporting low
workload (8.3%). This finding is consistent with workload frameworks in which fatigue may arise from the
accumulation of physical, cognitive, temporal, and emotional demands (Bennett, 2019). Sustained exposure
to demanding tasks may increase physiological and cognitive strain and limit opportunities for recovery (Cho
et al., 2022; Vitoulas et al., 2022). Similar workload—recovery principles have been described in exercise and
sports settings, where repeated loading without adequate recovery can negatively affect performance and
contribute to fatigue (Bustos et al., 2021). In the present occupational context, these principles may also be
relevant to workers performing repetitive movements, prolonged postures, and sustained physical tasks.
However, because the present study used a cross-sectional design, the observed association should not be
interpreted as evidence that higher workload causes fatigue.

The distribution of fatigue across workload categories also suggests that workload intensity is unlikely to
be the sole determinant of fatigue. Although high workload was accompanied by the greatest proportion of
high fatigue, moderate workload was also associated with substantial proportions of moderate and high
fatigue. Individual differences in work schedules, task characteristics, recovery opportunities, and physical
capacity may contribute to variation in fatigue responses (Anjani & Ariesyady, 2022; Hassanzadeh-Rangi et
al., 2023). From a human-performance perspective, fatigue may therefore reflect the interaction between task
demands, individual capacity, and recovery rather than a single occupational or anthropometric factor
(Behrens et al., 2023). The present findings support the value of assessing workload and individual
characteristics together, while recognizing that the relative contribution of each factor requires further
investigation.

The developed mobile application provides a practical framework for integrating BMI, perceived workload,
and subjective fatigue within a single digital workflow. This integration translates established concepts from
exercise physiology, physical activity and health, workload assessment, and fatigue research into an accessible
assessment format. Previous studies have highlighted the potential of mobile technologies for health self-
management, body-condition monitoring, and fatigue-related applications (Bonvanie et al., 2020; Brick et al.,
2020; Gultom et al., 2022; Scarry et al., 2022). The favorable preliminary evaluations obtained from experts
and users suggest that the system has potential for initial field use. However, these findings represent
preliminary appraisal and practicality rather than evidence of full usability, diagnostic accuracy, predictive
performance, or intervention effectiveness. The application should therefore be regarded as an assessment and
recording tool rather than a validated real-time fatigue-monitoring or risk-prediction system.

The main contribution of this study is the integration of BMI, perceived workload, and subjective fatigue
within a mobile-based assessment framework for industrial workers. Rather than treating fatigue as an
outcome of a single factor, the proposed framework enables individual body characteristics and perceived task
demands to be considered simultaneously. The findings provide preliminary evidence that perceived workload
may be more closely related to subjective fatigue than BMI in this sample, while the descriptive BMI pattern
indicates a potentially relevant area for further investigation. The application also demonstrates how concepts
from exercise physiology and human performance can be operationalized within a digital assessment platform
for a non-athletic population exposed to sustained physical demands.

Several limitations should be considered when interpreting these findings. First, the cross-sectional field
evaluation does not permit causal inference regarding the relationships among BMI, workload, and fatigue.
Second, participants were recruited using convenience sampling, which may limit the generalizability of the
findings to other occupational groups or industrial settings. Third, perceived workload and subjective fatigue
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were assessed using self-reported measures and may therefore be influenced by reporting bias. Fourth, BMI
provides only an indirect indicator of body composition and does not capture muscular fitness,
cardiorespiratory fitness, or other physiological characteristics relevant to occupational performance. Finally,
the preliminary expert and user evaluations do not substitute for formal psychometric validation or
standardized usability testing. Future research should therefore employ larger and more diverse samples,
longitudinal or prospective designs, validated usability procedures, and objective measures such as physical
activity monitoring and wearable-derived physiological indicators. Such studies could further establish the
reliability, validity, and practical utility of the system for occupational fatigue assessment.

CONCLUSION

This study found that perceived workload was significantly associated with subjective fatigue among
industrial workers, whereas the association between BMI and subjective fatigue was not statistically
significant. Although participants with obesity showed a higher proportion of high fatigue than those with
normal BMI, this descriptive pattern should not be interpreted as evidence of a statistically significant
association. The study also demonstrated the preliminary feasibility of a mobile-based assessment application
integrating BMI, perceived workload, and subjective fatigue within a single digital workflow. These findings
demonstrate the potential of applying concepts from exercise physiology, physical activity and health, and
human performance to a practical mobile-based assessment approach. However, the cross-sectional design,
convenience sampling, reliance on self-reported fatigue measures, and preliminary nature of the expert and
user evaluations limit causal inference and generalisability. Future research should use larger and longitudinal
samples, conduct comprehensive psychometric and standardised usability evaluations, and integrate objective
indicators, including wearable-derived physiological and physical activity measures.
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