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Abstract  BACKGROUND: Productivity in 
traditional iron forging is strongly influenced by 
environmental heat, heavy physical workload, and poor 
ergonomic practices. In Bali’s forging sector, workers are 
consistently exposed to intense radiant heat, repetitive 
manual tasks, and inadequate work–rest schedules, all of 
which contribute to physiological strain and 
musculoskeletal disorders (MSDs). OBJECTIVE: This 
study aims to evaluate the combined effects of 
environmental heat stress, task-related physical load, and 
organizational work patterns on worker health and 
productivity. An integrated ergonomic model was 
developed to examine how thermal exposure, workload 
intensity, rest duration, and MSDs interact to influence 
performance in traditional forging activities. METHODS: 
A cross-sectional study was conducted involving 280 male 
forging workers aged 21–52 years with 2–9 years of work 
experience. Physiological indicators—including body 
mass index (BMI), pulse rate, body surface temperature, 
and MSD scores—were measured before and after work. 
Environmental heat exposure was assessed using the Wet 
Bulb Globe Temperature (WBGT) index. Productivity was 
evaluated through workers' pulse response during activity 
and MSD-related discomfort. A Structural Equation 
Modeling (SEM) approach was employed to analyze 
pathways linking ergonomic risks to productivity outcomes. 

RESULTS: Productivity showed a significant decline in 
relation to task demands, including workload (β = –0.075) 
and MSD scores (β = –0.110). Organizational factors, 
particularly prolonged work duration (β = –0.105), further 
reduced performance, highlighting the importance of 
structured work–rest cycles. Environmental conditions 
exerted the strongest negative effect on productivity, with 
WBGT (β = –0.694) and body surface temperature (β = –
0.101) indicating substantial thermal strain (WBGT 
29.8°C–30.7°C; post-activity temperature 38.7°C–41.1°C). 

Keywords  Environmental Heat Stress, Ergonomic-
Related Musculoskeletal Disorders, Traditional Forging, 
Productivity, Occupational Health 

1. Introduction
Ergonomics aims to optimize human performance by 

designing work environments, tasks, and tools that align 
with workers’ capacities. As the central component of work 
systems, humans require ergonomic designs that enhance 
productivity, promote occupational health, and support 
sustainability. Ergonomics considers various factors 
ranging from physical, environmental, organizational, and 
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cognitive in creating and managing the work environment 
[1]. Integrating these various factors to be considered 
together is very much needed in a labor-intensive work 
environment. This is because the risk of fatigue may be 
greater when stressors related to the environment and the 
type of work influence each other [2]. In the craft industry, 
including the manufacture of traditional goods, there are 
many challenges faced by workers. The complexity of 
challenges is increasing. This is because, in addition to the 
very difficult work environment, the type of work itself 
forces the body to endure heavy loads and manual 
movements. This is no exception in traditional casting 
work, where discomfort arises because workers have to 
endure a high-temperature environment with exposure to 
furnace heat [3], [4]. 

Physiological conditions can experience stress due to 
temperature, humidity, and heat radiation. Moreover, 
suboptimal airflow also worsens physiological conditions, 
and all of these factors can be measured accurately [5]. 
WBGT is a measurement that allows for high accuracy 
when all factors come together, enabling the assessment of 
heat stress levels. Not only heat stress, but also the 
continuously enduring such environmental conditions and 
pressures triggers an increase in cardiovascular load, 
potentially leading to thermoregulatory disorders [6]. Due 
to this burden, the worker's physical condition shows signs 
of fatigue, cognitive decline, and a decreasing level of 
performance efficiency [7]. The WBGT measured in 
traditional forging often exceeds the permissible standards, 
which means that workers are exposed to heat stress [8]. 
Poor ergonomic factors also reduce productivity, where the 
design of the tools and task placements are not ideal, and in 
such conditions, workers have to perform repetitive manual 
tasks that require continuous exertion. MSDs are also 
unavoidable [9]. These can manifest as body pain at 
specific points or overall, or as discomfort, for example, in 
the back, shoulders, wrists, and knees [10]. Continuous 
exposure to poor ergonomic conditions significantly 
increases the prevalence of musculoskeletal disorders 
(MSDs) [11]. Furthermore, task efficiency can also be 
reduced which ultimately reduces productivity [12], [13]. 

The confluence of workplace heat and task-related 
factors exacerbates the risks at work. Fatigue increases 
more quickly when the body is exposed to a hot 
environment [7]. The work tasks that cause these problems 
to occur more quickly are repeated blows in a squatting or 
bent position, especially when the activity is carried out in 
front of a hot stove. Ultimately, the body experiences 
pressure and musculoskeletal strain, while also enduring 
heat. When the body feels discomfort, workers' physical 
abilities may be impaired, and they may find it difficult to 
make accurate decisions. This poses a significant risk of 
errors and even injuries [14]. Another factor that also 
affects performance is organizational factors. In general, 
what often happens is that the informal sector, especially 
the traditional sector, is not accompanied by a clear 

structure. This can usually be seen from the lack of 
management of rest schedules and working hours that do 
not take ideal conditions into account [15]. After 
ergonomic and environmental discomfort, poor 
management also makes it more difficult for the body to 
return to its optimal condition. This causes physical fatigue 
to accumulate. Therefore, it is important to take action to 
intervene in field conditions and at the same time socialize 
the importance of ergonomics at work [14]. The risks 
mentioned above are very common, but there has not been 
much empirical research focusing on these efforts in the 
craft industry [8]. Previous studies have focused more on 
ergonomics in the formal manufacturing sector. Unlike the 
traditional sector, the formal sector is easier to control in 
terms of environmental conditions and intervention. In 
traditional tool-making environments, the work is mostly 
physical and heavy, making it difficult to intervene in the 
environment. In addition, the lack of a clear organizational 
structure makes it even more difficult. 

Using Work System Theory, which also pays attention 
to human factor principles, this study analyzes the impact 
on the work productivity of iron craftsmen in Bali due to 
hot environmental conditions and the type of work [16]. 
There are four aspects covered by the framework here, and 
all of them are examined together. These include 
environmental conditions, physiological workload, MSDs, 
and organizational factors. By incorporating all four 
aspects together, a holistic understanding of which has the 
greatest influence on work performance in this traditional 
placement sector will be obtained. The systems approach 
used to assess ergonomic risks in this study makes it unique 
compared to its predecessors. The results of this study can 
be used as an additional reference for parties that can 
provide intervention and improve work system 
management in the traditional placement sector. This 
includes providing recommendations for thermal 
management, posture optimization, and good break 
scheduling. Based on this, the study conducted contributes 
to the discourse on sustainable traditional craft production, 
where the focus is on the urgency of ergonomic 
interventions so that workers' health and cultural heritage 
can be maintained. As traditional forging remains a vital 
component of Indonesia’s intangible cultural assets, 
ensuring the well-being of its practitioners is essential for 
the sustainability of this craft. The study’s outcomes are 
intended to inform policy, guide workplace redesign, and 
promote the adoption of evidence-based ergonomic 
practices in traditional industries operating in thermally 
challenging environments. 

In summary, this research responds to the urgent need 
for integrated ergonomic assessments in artisanal settings 
where environmental and task-related stressors converge. 
By identifying the most impactful ergonomic variables and 
elucidating their interactions, the study aims to support the 
development of interventions that can enhance productivity, 
prevent occupational injury, and sustain traditional forging 
as a viable and dignified livelihood. 
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2. Methods

2.1. Research Design 

This study applied a cross-sectional observational design 
[17] to analyze the influence of environmental, task-related, 
and organizational factors on work productivity in 
traditional forging. Data were collected on-site during 
active forging sessions with Balinese craftsmen to capture 
authentic working conditions. This design allowed 
assessment of physiological responses, musculoskeletal 
complaints, and productivity before and after heat and 
workload exposure, without external interventions that 
could alter natural work patterns. The research design 
(Figure 1) facilitated the evaluation of workers’ 
physiological, musculoskeletal, and productivity responses 
before and after exposure to ergonomic risks inherent in 
high-heat, labor-intensive environments. No ergonomic 
interventions were introduced during data collection to 
ensure an authentic representation of existing working 
conditions. 

Figure 1.  Research Design 

Description: 
P = Population 
R = Randomly selected sample 
p = Research 
O₁ = Measurement before work 
O₂ = Measurement after work 

2.2. Population and Research Participants 

The study population consisted of craftsmen engaged in 
traditional forging from five major production centers in 
Bali: Tumbakbayuh, Blahbatuh, Tihingan, Sawan, and 
Sidha Karya villages. Using the [18] formula for sample 
size determination with a 90% confidence level and a 5% 
margin of error, a total sample of 280 male participants was 
randomly selected. All participants were aged between 28 

and 51 years, with work experience ranging from 4 to 12 
years in traditional forging. Selection was conducted 
through simple random sampling to minimize selection 
bias [19]. Participants were informed of study objectives, 
procedures, and potential risks, assured of data 
confidentiality, and provided written informed consent [20]. 
The informed consent process was conducted in 
accordance with ethical research guidelines and approved 
by the Health Research Ethics Committee (KEPK) of the 
Faculty of Medicine and Health Sciences, 
Universitas Warmadewa (Approval No: 117/Unwar/FKIK
/EC-KEPK/IX/2025). 

2.3. Task and Assessment 

2.3.1. Physiological and Musculoskeletal Assessments 
Assessments were conducted during the traditional 

forging activities as shown in Figure 2. The assessments 
included each participant undergoing pre- and post-task 
measurements of: 
a) Body mass index (BMI), calculated using standard

anthropometric methods.
b) Pulse rate, measured at rest, during work (work pulse),

and during recovery using calibrated digital pulse
meters.

c) Body surface temperature, monitored using digital
thermometers to assess heat accumulation.

d) Musculoskeletal disorders (MSDs) were assessed
using the Nordic Musculoskeletal Questionnaire
(NMQ) across nine body regions [21], demonstrating
high reliability (Cronbach’s alpha = 0.965–0.966)
[22], [23].

2.3.2. Environmental Assessments 
Environmental conditions were continuously monitored 

during forging activities. Key parameters included: (i) 
Ambient temperature and WBGT index, measured using a 
standard WBGT device at hourly intervals. WBGT values 
recorded during the study ranged between 29.8°C and 
30.7°C, indicating substantial thermal stress [6]; (ii) 
Humidity and radiant heat, factored into the WBGT index 
to provide a comprehensive measure of heat exposure. 

Figure 2.  Traditional forging activity 
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2.4. Conceptual Framework and Hypotheses 
Development 

2.4.1. Conceptual Framework 
This study investigates how task-related, organizational, 

and environmental factors influence worker productivity in 
Bali’s traditional forging process production, as illustrated 
in Figure 3. The underlying concept is the Work System 
Theory. The theory emphasizes that the interaction of 
elements in the work system, namely tasks, workers, 
equipment, and environmental conditions, will give rise to 
how human performance is influenced and maintained [16]. 
As a complement, the principles of human factors and 
ergonomics are combined here. The focus is on creating a 
work system that is in harmony with human abilities and 
deficiencies so that good productivity and welfare are 
created. 

Based on the framework, there are two main indicators 
as a way of evaluation. The first is the physiological 
response, which can be seen from the work pulse which 

indicates the size of the physical workload often involved. 
Second, subjective assessment is seen from the 
musculoskeletal discomfort (MSD score) which indicates 
biomechanical tension and also decreased work capacity. 
As shown in Figure 3, three key components are considered: 
task demands, work organization, and the work 
environment. These elements interact dynamically, where 
physical load, organizational patterns, and thermal 
conditions collectively shape productivity outcomes in 
traditional forging. The framework emphasizes how 
physical load, work systems, and environmental stressors 
interact to shape productivity in artisanal forging. The 
framework based on the concept of system ergonomics 
shows the level of worker productivity in their work is 
caused by visible factors, especially due to the interaction 
and connection between factors such as worker conditions, 
task types, and the work environment [24]. All of these 
factors influence each other with their respective levels of 
burden, and various discomforts and health problems arise 
as a result of their respective impacts. 

 

Figure 3.  Conceptual framework and hypotheses development 
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2.4.2. Hypotheses Development 
The hypothesis here was developed with the aim of 

testing the correlation between the type of task, work 
organization, and the environment for worker productivity: 

 H1: There is a significant effect on productivity due to 
job demands (such as work pace and musculoskeletal 
complaints), where work pace has a greater impact 
than musculoskeletal discomfort. 

Justification: The heavy physiological load experienced 
by workers is directly reflected in the intensity of work. 
Work intensity indicates the occurrence of conditions 
where physical strain occurs, causing workers to feel 
fatigued quickly and reduce their performance [25]. 
Musculoskeletal problems are also reported due to the 
occurrence of biomechanical strain resulting from the 
accumulation of repetitive tasks, leading to decreased task 
efficiency [12]. The explanation provided is consistent with 
ISO 10075-1, which states that demands exceeding human 
capabilities cause imbalance [26]. This is a reflection of the 
principle of allostatic load theory, which sees the difference 
in short-term stress responses indicated by the pulse and 
stress that has been in the chronic stage such as MSD. 

 H2: Work organization (i.e., unplanned break 
duration and total work duration) significantly affects 
productivity, with work pulse providing a more 
immediate reflection of performance changes than 
musculoskeletal discomfort. 

Justification: According to the Job Demand–Recovery 
model, insufficient recovery time during work increases 
fatigue accumulation and reduces productivity [27]. Both 
unplanned breaks and prolonged work durations without 
structured rest cycles contribute to performance decline 
[28]. 

 H3: Work environment (i.e., body surface temperature 
and WBGT index) significantly affects productivity, 
with work pulse showing a more immediate 
association than musculoskeletal discomfort. 

Justification: Heat stress elevates core and skin 
temperatures, increases cardiovascular strain, and impairs 
both cognitive and physical functioning [7]. ISO 7243 and 
contemporary thermal strain models consistently link 
elevated WBGT values with reduced work capacity in 
physically demanding environments [6], [7]. 

 H4: Work organization mediates the relationship 
between task demands and productivity, with work 
pulse more directly reflecting mediated effects than 
musculoskeletal discomfort. 

Justification: The Demand–Control–Support model 
suggests that organizational practices, such as the 
structuring of work-rest cycles, can mitigate the impact of 
physical workload on performance. Effective management 
of pacing and breaks helps reduce the physiological and 
biomechanical strain caused by intense tasks [27]. 

 H5: The work environment moderates the relationship 
between task demands and productivity, amplifying or 
attenuating the effects of task load on work pulse and 
musculoskeletal discomfort. 

Justification: The ecological model of work stress 
highlights that environmental conditions can intensify or 
buffer the influence of task demands on worker outcomes 
[29]. In high-heat environments, physical tasks impose 
greater physiological strain, which can further reduce 
productivity [5]. The model as shown in Figure 3 provides 
information on the hypothesized relationship, namely how 
productivity in traditional forging work is influenced by 
task demands, work organizational systems, and work 
environment conditions. 

2.5. Research Variables 

Here, the type of approach is quantitative. This approach 
aims to evaluate the impact of task demands, work 
organization, and work environment conditions on work 
productivity, which in this study is the traditional forging 
process in Bali. Three variables have been identified in this 
study, namely those related to tasks, organizational factors, 
and the work environment. A deep understanding can be 
achieved by applying this method. Furthermore, the three 
variables above are explained as follows: 
1) Task demands, which are characterized by heart rate. 

Thus, the variables are work heart rate (X1), and 
musculoskeletal disorders (MSD) (X2). X1 is how the 
worker's heart rate is when they work, and when they 
feel tired, this rate will be higher. X2 is the pain or 
discomfort the worker feels and is known through his 
own expression, which is caused by repetitive 
movements, uncomfortable postures, and exerting 
strong energy, so that task efficiency is reduced. 

2) Organizational factors. There are two variables here, 
namely the uncertain duration of the break (X3) and 
the duration of work (X4). X3 is how long the time 
needed is when taking a break without a plan, which 
is a sign of fatigue and poor scheduling. X4 is how 
much time is spent on the task; the fact is that the 
longer the task is done without taking adequate rest, 
the more likely it is to feel fatigue and decreased 
performance. 

3) Environmental factors. Here there are also two 
variables, namely body surface temperature (X5) and 
the Wet Bulb Temperature Index (WBGT) (X6). X5 is 
a measure of the heat that occurs on the skin after 
being accumulated, which is a sign of heat stress that 
affects physical performance. X6 is a collaboration of 
temperature, humidity, and heat exposure where this 
will measures heat stress; when the numbers shown 
are higher, it means physiological tension and health 
risks increase. 

4) Productivity indicators. This is an indicator that 
depends on how other indicators affect it. There are 
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two variables, namely the work pulse (Y1) as a 
positive indicator, and MSD (Y2) as a negative 
productivity index. Y1 explains that when the heart 
beats moderately, it means that the involvement is 
productive; conversely when the heart beats 
excessively, it means that productivity has decreased. 
Y2 explains that when the measurement shows a 
higher MSD score, this means that the ergonomics are 
poor, tension increases, and work efficiency decreases. 

2.6. Data Collection Technique 

Data collection was conducted on-site during actual 
forging activities to capture authentic data. This aims to 
capture real working conditions and see how ergonomic 
exposure is. Digital pulse meters are used to measure pulse 
rates during rest, work, or recovery. Information from these 
recordings provides insight into the baseline physiological 
state and workload caused by the work. The standard 
Nordic musculoskeletal questionnaire (NMQ) method was 
applied to see musculoskeletal disorders (MSDs). This was 
administered before work and after the work activity had 
finished. NMQ as a measure of discomfort level. The 
measurement was conducted in nine areas of the body. 
Each area was given a 4-point Likert scale (1 = no pain; 4 
= severe pain). The above methods have proven to be 
reliable, in accordance with previous findings (Cronbach's 
alpha 0.965–0.966) [23]. Continuous monitoring was 
carried out to evaluate environmental conditions. Every 
hour, the measurements are recorded by a standard WBGT 
to obtain heat stress exposure. Productivity levels are 
determined by the total volume (cm³) of forging completed 
per session. 

2.7. Data Analysis Procedures 

Analysis of the data obtained was carried out using 
Partial Least Squares Structural Equation Modeling (PLS-
SEM). This aims to look further and in depth at complex 
models in medium sample sizes [30]. There are two steps 
in the analysis, namely assessing the measurement model 
followed by assessing the level of convergent and 

discriminant validity [22], and then assessing the structural 
model followed by testing the relationships that have been 
stated in the hypothesis (H1–H5) which is done through 
bootstrapping involving 5,000 re-samples. Normality, 
multicollinearity, and outlier tests were also carried out to 
see whether the model was appropriate or not. This 
measurement uses indices such as CMIN/DF <3.0, GFI, 
AGFI> 0.90, TLI, CFI> 0.90, and RMSEA <0.08. 

3. Result 

3.1. Characteristics of Traditional Forging Craftsmen 

Table 1 shows information in the form of descriptive 
statistics of traditional forging craftsmen. Of all the 
craftsmen who were the objects of the study, the average 
age was 37.46 years. They consisted of individuals aged 21 
to 52 years. Their average height information data was 
163.18 cm (SD = 6.92 cm). Meanwhile, their average 
weight was 55.96 kg (SD = 5.87 kg). The Body Mass Index 
(BMI) had a mean of 20.98, with a range from 17.10 to 
22.85 (SD = 1.41). The resting pulse rate averaged 72.32 
bpm, with a range from 64 to 80 bpm (SD = 4.96). The 
working pulse rate was significantly higher, averaging 
125.75 bpm, ranging from 122.44 to 127.66 bpm (SD = 
1.70). The average work experience was 5.96 years, with a 
range from 2.10 to 9.80 years (SD = 2.18). The sample 
showed moderate variation in physical characteristics and 
pulse rates, with work experience ranging from 2.1 to 9.8 
years. These results reflect the diverse yet relatively 
consistent nature of the craftsmen’s physical and 
professional profiles. 

3.2. Structural Results 

Table 2 presents the path coefficients (Estimates), 
Standard Errors (S.E.), Critical Ratios (C.R.), and p-values 
for the hypothesized relationships between various 
ergonomic factors and productivity indicators. All path 
coefficients are statistically significant (p < 0.001), 
suggesting robust relationships between the variables. 

Table 1.  Descriptive Statistics of Traditional Forging Craftsmen 

Variables N Range Minimum Maximum Mean Std. Error Std. Deviation 

Crafter's Age (Years) 280 31.00 21.00 52.00 37.4630 .53320 8.76142 

Craftsman's Height (cm) 280 30.50 147.90 178.40 163.1800 .42133 6.92317 

Craftsman's Weight (Kg) 280 25.90 42.20 68.10 55.9607 .35748 5.87398 

Body Mass Index (BMI, kg/m²) 280 5.75 17.10 22.85 20.9877 .08631 1.41818 

Resting Pulse (bpm) 280 16.00 64.00 80.00 72.3222 .30197 4.96192 

Working Pulse (bpm) 280 5.22 122.44 127.66 125.7523 .10339 1.69888 

Work experience (Years) 280 7.70 2.10 9.80 5.9574 .13283 2.18261 

Valid N (listwise) 280       
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Table 2.  Regression Weights: (Group number 1 - Default model) 

Variables 
  

Estimate S.E. C.R. P Label 

Productivity Indicators <--- Work organization 0.421 0.079 5.329 *** par_5 

Productivity Indicators <--- Work environment 0.755 0.075 10.087 *** par_6 

Productivity Indicators <--- Task demands 0.045 0.109 4.083 *** par_25 

Productivity Indicators <--- Interaction Environmental 0.003 0.001 3.408 *** par_26 

Productivity Indicators <--- Interaction Organizational 0.005 0.001 4.789 *** par_27 

X1 – Work pulse (bpm) <--- Task demands 1.041 0.063 16.529 *** par_1 

X4 – Work duration (minutes <--- Work organization 1 
    

X3 – Unplanned break duration (minutes) <--- Work organization 0.905 0.047 19.356 *** par_2 

X6 – Wet Bulb Globe Temperature index (°C 
WBGT) 

<--- Work environment 1 
    

X5 – Body surface temperature (°C) <--- Work environment 1.41 0.097 14.474 *** par_3 

X2 – Musculoskeletal disorders (MSDs) <--- Task demands 1 
    

Y1 – Work pulse as a productivity index (bpm) <--- Productivity Indicators 1 
    

Y2 – Musculoskeletal disorders (MSDs) as a 
negative productivity index (1–4 scale) 

<--- Productivity Indicators 1.175 0.051 22.914 *** par_4 

INT <--- Interaction Environmental 1.886 
    

INT <--- error 1.422 
    

INTO <--- e10 4.599 
    

INTO <--- Interaction Organizational 1.747 
    

 

The following interpretation of the SEM results (Table 2 
and Figure 4) is based on the hypotheses provided, utilizing 
estimates, standard errors, critical ratios, and significance 
levels for each hypothesis. 

 H1: Task demands (i.e., work pulse and 
musculoskeletal complaints) significantly affect 
productivity, with work pulse serving as a stronger 
predictor than musculoskeletal discomfort. 

The direct path from Task-Related Ergonomic Factors to 
Productivity Indicators shows a significant relationship 
with an estimate of 0.045, a standard error of 0.109, and a 
critical ratio of 4.083, which is significant (p < 0.001). 
Work pulse (X1) has a very strong influence on Task-
Related Ergonomic Factors with an estimate of 1.041 and 
a very significant critical ratio of 16.529 (p < 0.001). The 
Musculoskeletal Disorders (MSDs) (X2) also has a strong 
influence, but it is less significant in comparison to work 
pulse, aligning with your hypothesis that work pulse is a 
stronger predictor of productivity than MSDs. 
Musculoskeletal discomfort (X2) was significant but 
exerted a more gradual impact on productivity than work 
pulse. The results confirm that task-related ergonomic 
factors significantly affect productivity, with work pulse 
being the stronger predictor. 

 H2: Work organization (i.e., unplanned break 
duration and total work duration) significantly affects 

productivity, with work pulse providing a more 
immediate reflection of performance changes than 
musculoskeletal discomfort. 

The path from Organizational Ergonomic Factors to 
Productivity Indicators shows a significant effect with an 
estimate of 0.421 and a critical ratio of 5.329 (p < 0.001). 
The relationship between Unplanned Break Duration (X3) 
and Organizational Ergonomic Factors is also significant, 
with a critical ratio of 19.356 (p < 0.001), indicating that 
unplanned breaks impact productivity. Work Duration (X4) 
also has a significant impact, but unplanned breaks seem to 
have a more direct effect, emphasizing the importance of 
breaks over the duration of work. Organizational 
ergonomic factors significantly influenced productivity, 
with unplanned breaks (X3) exerting a stronger effect than 
work duration (X4). 

 H3: Work environment (i.e., body surface temperature 
and WBGT index) significantly affects productivity, 
with work pulse showing a more immediate 
association than musculoskeletal discomfort. 

The relationship between Environmental Ergonomic 
Factors and Productivity Indicators is significant, with an 
estimate of 0.755 and a critical ratio of 10.087 (p < 0.001). 
Body Surface Temperature (X5) has a significant influence 
on environmental factors, with an estimate of 1.41 and a 
critical ratio of 14.474 (p < 0.001). WBGT Index (X6) is 



18 Improving Work Performance in Traditional Forging:  
A Study of Environmental Heat and Task-Related Ergonomic Factors 

also influential in environmental ergonomic factors, 
confirming the importance of heat stress on productivity. 
Environmental ergonomic factors significantly affect 
productivity, with both body temperature and the WBGT 
index showing a direct and significant effect on 
productivity outcomes. 

 H4: Work organization mediates the relationship 
between task demands and productivity, with work 
pulse more directly reflecting mediated effects than 
musculoskeletal discomfort. 

From this model, it is known that the ergonomic factors 
in the organization connect to the ergonomic factors of the 
task and the level of productivity. The direct relationship 
between the organizational system and productivity shows 
a significant correlation (estimate = 0.421, p < 0.001). It 
was found that the pulse (X1) affects productivity quite 
significantly through the ergonomics of the task. 
Productivity is also known to be influenced by tasks that 
are directly related to uncertain rest times (X3) and the 
length of work duration (X4). Productivity can be directly 
known from the work pulse (X1), and this directly affects 
the ergonomic factors of the task and organization. 

 H5: The work environment moderates the relationship 
between task demands and productivity, amplifying or 
attenuating the effects of task load on work pulse and 
musculoskeletal discomfort. 

The relationship between Task-Related Ergonomic 
Factors and Productivity Indicators is moderated by 
Environmental Ergonomic Factors with a significant 
interaction term (estimate = 0.003, p < 0.001). This 
suggests that environmental conditions (like heat) amplify 
the effects of task demands on both work pulse and 
musculoskeletal discomfort. The model also supports 
environmental factors like WBGT index (X6) and Body 
Surface Temperature (X5), which significantly moderate 
the relationship between ergonomic factors and 
productivity. Environmental factors, particularly heat 
stress (via Body Surface Temperature (X5) and WBGT 
Index (X6)), moderate the effects of task-related and 
organizational factors on productivity. Environmental 
factors moderate the effects of task-related ergonomic 
factors on productivity, confirming that extreme heat or 
thermal stress amplifies the physiological effects of work 
pulse and musculoskeletal discomfort. 

 

Figure 4.  Structural Equation Model (SEM) of ergonomic factors and productivity (X1: Work pulse (bpm), X2: Musculoskeletal disorders (MSD 
score, 1–4), X3: Unplanned break duration (minutes), X4: Work duration (hours), X5: Body surface temperature (°C), X6: WBGT index (°C WBGT), 
Y1: Productivity indicator (work pulse, bpm), and Y2: Productivity indicator (MSD score, 1–4)) 
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4. Discussion 

4.1. Environmental Heat Exposure and Thermal Stress 
in Traditional Metal Forging 

Exposure to high temperatures from open flames in 
traditional metal forging significantly increases the Wet 
Bulb Globe Temperature (WBGT) index, often surpassing 
safe thresholds, particularly in tropical regions like 
Southeast Asia [31]. Similar findings have been reported in 
artisanal industries in Africa and Latin America, where 
workers in mining, pottery, and agriculture experience 
comparable levels of heat stress, often without access to 
cooling or ventilation systems [32]. In contrast, studies in 
European craft industries report lower thermal risks due to 
stricter adherence to ISO 7243 standards on WBGT 
thresholds and the widespread implementation of work–
rest schedules [6]. Workers in such environments 
experience notable cardiovascular strain, with heart rates 
increasing by up to 25% during active phases, as seen in 
our field measurements. These findings align with SEM 
results, showing that body surface temperature (X5) and 
WBGT index (X6) significantly influenced productivity 
(estimate = 0.755, p < 0.001), underscoring the critical role 
of heat stress in reducing work capacity. Thermal stress 
reduces task endurance and impairs musculoskeletal 
performance, with over 60% of workers reporting 
discomfort, particularly in the lumbar and shoulder areas, 
after prolonged exposure [33]. The significant relationship 
between work environmental factors and productivity 
further supports the need for effective heat mitigation 
strategies in traditional industries to prevent long-term 
health risks and maintain productivity. Comparable results 
have been reported in other regions. For example, gold 
mine workers in Tanzania frequently operate under 
excessive WBGT levels and report acute heat illness 
symptoms, including elevated body temperature, dry skin, 
and extreme fatigue [34]. Similarly, agricultural laborers in 
Latin America are increasingly exposed to longer periods 
of outdoor heat stress, with the Lancet Countdown Report 
highlighting that climate-related increases in work hours 
under high thermal load have intensified health risks and 
reduced productivity [35]. By contrast, studies of artisanal 
industries in Europe reveal lower rates of heat-related 
illness due to stricter adherence to structured work–rest 
cycles and better ventilation [36]. These cross-regional 
comparisons underline the importance of policy and 
regulatory frameworks, which remain limited in informal 
sectors such as traditional forging in Bali. 

4.2. Task Demands and Workload Strain 

The tension and inefficiency of tasks increase due to 
demands such as excessive force, awkward working 
postures, and repetitive movements [37]. Similar 
musculoskeletal risks have been documented among 
handloom weavers in India, traditional potters in Africa, 

and rural agricultural workers in Latin America, where 
repetitive manual tasks and prolonged static postures 
contribute to high rates of musculoskeletal disorders [38]. 
However, comparative studies in European artisanal 
workshops show lower prevalence of MSDs, partly due to 
the enforcement of ergonomic design standards (ISO 
11226) and improved access to mechanical aids [39]. These 
conditions accelerate fatigue, reduce precision, and 
eventually compromise both health and productivity. More 
reliable assessments are obtained not from subjective 
reports of musculoskeletal discomfort (MSD) but through 
monitoring changes in heart rate. As found from SEM, 
Task Demands (X1: work heart rate, X2: MSD) have a 
fairly large influence on the Productivity Indicator 
(estimate = 0.045, p <0.001), then a higher heart rate means 
a person is more tired, which means that the workers 
studied have experienced decreased productivity due to 
very hot environmental conditions. Meanwhile, the 
discomfort self-reported by workers usually occurs later or 
after completing a work shift. This is supported by 
Vesikansa et al. [40] who found that heart rates above 110 
bpm are reliable indicators of productivity loss due to 
fatigue. Comparable risks have been documented globally. 
Artisanal fishermen in Brazil exhibit a high prevalence of 
musculoskeletal disorders (MSDs), particularly in the 
lumbar spine, shoulders, and hands, driven by repetitive 
manual exertion and awkward trunk postures [34]. A 
systematic review further indicates that agricultural 
workers worldwide experience chronic MSDs due to 
prolonged stooping, repetitive movements, and the absence 
of mechanical aids [41]. Similarly, African informal sector 
workers engaged in pottery and small-scale metalwork 
report frequent back and neck pain, exacerbated by 
extended work cycles without scheduled breaks [34]. In 
contrast, lower prevalence rates have been reported in 
European craft industries, where task rotation and 
improved workstation design reduce static load [36]. 
Together, these findings confirm that poor task design in 
informal settings amplifies musculoskeletal risks and 
constrains long-term productivity. 

4.3. Mediation by Organizational Factors 

Organizational factors, in this case break schedules and 
shift changes, strongly mediate the correlation between 
task demands and productivity [42]. Evidence from 
artisanal workshops in Africa and Latin America indicates 
that irregular work–rest cycles exacerbate fatigue and 
musculoskeletal strain, similar to findings in Bali. In 
contrast, European craft industries often apply ISO-based 
work–rest guidelines. For example, ISO 8996 provides 
methods to estimate metabolic rate during physical activity, 
enabling accurate determination of safe work duration and 
appropriate rest intervals [43]. Similarly, ISO 11226 offers 
evaluation criteria for static working postures, helping 
identify unsafe body positions and define maximum 
exposure times [39]. The application of these standards has 



20 Improving Work Performance in Traditional Forging:  
A Study of Environmental Heat and Task-Related Ergonomic Factors 

been shown to reduce physiological strain, minimize 
musculoskeletal risks, and improve endurance among 
manual workers in traditional sectors. These comparisons 
highlight the need for clearer organizational policies in 
informal industries, where such regulations are rarely 
enforced. The SEM findings show a significant impact. In 
this case, work organization factors (X3: unscheduled 
breaks, X4: work duration) show productivity estimated at 
0.421, p <0.001. Evidence shows that a negative impact can 
be reduced by implementing scheduled work-rest cycles to 
improve productivity. These results were obtained from 
workers with an organizational environment equipped with 
clear schedules and systems, showing that their heart rates 
were more stable. These supportive conditions enable work 
to remain productive. Thus, for ergonomic stress, 
organizational ergonomics plays a major role, so that 
improving ergonomics will reduce stress levels. In line 
with existing research [44], decreased productivity can be 
overcome by providing systematic supervision and good 
schedules and workflows. Related to the broader sector, 
which occurs in Africa and Latin America, work in the 
agricultural sector that does not implement scheduled and 
systematic rest policies results in acute fatigue along with 
musculoskeletal tension. By contrast, European small-scale 
industries report better outcomes where structured micro-
breaks and task rotations are routinely implemented [36]. 
These differences highlight that organizational 
interventions, though inexpensive, play a critical role in 
mitigating the adverse effects of heavy physical workloads 
in traditional industries. 

4.4. Environmental Moderation of Ergonomic Load 

Environmental conditions in the workplace particularly 
radiant heat and thermal stress intensify the physical 
burden of demanding tasks. Cross-regional studies confirm 
that workers in African mining sites and Latin American 
agriculture experience similar amplification of fatigue 
under high WBGT conditions, often exceeding ILO’s 
recommended thresholds. Conversely, European craft 
industries demonstrate lower heat-related risks due to the 
systematic application of ISO standards. ISO 7243, for 
instance, specifies WBGT cut-off points for safe exposure 
under different workloads [6], while ISO 8996 helps 
determine metabolic heat production as a basis for 
adjusting work–rest schedules [43]. Well-designed tasks 
and schedules can be achieved by considering the impact 
and recommendations of these standards. The results show 
a gap between well-systematized and unsystematized 
environments, further encouraging the informal sector to be 
given interventions to apply international standards to their 
work. Work environment factors (X5: body surface 
temperature and X6: WBGT index) affect productivity due 
to physiological demands with an interaction estimate of = 
0.003, p <0.001. Workers' heart rates increase when they 
have to be in a high WBGT environment, so it takes longer 
to recover from fatigue. Because they have not fully 

recovered but must continue working, their fatigue worsens. 
These results are in line with [45], which found that heart 
rate and productivity are closely related. Thus, it is 
necessary to implement integrated environmental control. 
One way to do this is to create ventilation that prevents heat 
from being trapped in the workplace, allowing work to 
proceed optimally. This moderating effect is not only 
evident in this sector and within a narrow scope; it has also 
been proven in other sectors in other parts of the world. In 
Africa and America, where research was conducted on 
African mining and Latin American agriculture, heat stress 
causes higher fatigue levels and longer recovery times due 
to the continuous workload [34], [35]. In Europe, with the 
implementation of better regulations, this burden has been 
reduced. This is evident in the European craft industry, 
which is equipped with standardized workplace ventilation 
and rules to maintain hydration [36]. This confirms the 
need for integrated intervention in informal sectors that 
have been neglected. 

4.5. Limitations of the Study 

This study has several limitations that should be 
acknowledged. First, socioeconomic characteristics and 
pre-existing health conditions of participants were not 
systematically assessed, which may have influenced both 
physiological responses and self-reported musculoskeletal 
complaints. Second, the cross-sectional design restricts 
causal interpretation of the observed associations, as 
temporal dynamics between exposure and outcomes could 
not be established. Third, the research context was limited 
to traditional forging workshops in Bali, which constrains 
the generalizability of findings to other cultural or 
geographic settings. Finally, future research should adopt 
longitudinal or multi-country designs to capture causal 
pathways more robustly and to enable cross-cultural 
comparisons of ergonomic risks in informal sectors. 

5. Conclusions 
This research highlights the critical impact of ergonomic 

factors namely task demands, work organization, and 
environmental conditions on productivity in the traditional 
metal forging industry. Three main findings were identified. 
First, task-related factors, represented by work pulse, were 
shown to predict productivity, as heart rate increase directly 
reflects physical strain. Second, organizational aspects, 
particularly unstructured work–rest schedules, strongly 
mediated task stressors, emphasizing the need for clear and 
consistent scheduling to sustain productivity. Third, 
environmental factors, including WBGT index and body 
surface temperature, were found to intensify ergonomic 
strain, leading to greater fatigue and discomfort, ultimately 
reducing output. 

To address these risks, practical measures are 
recommended. Work rest cycles should be standardized, 
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with at least 15 minutes of rest every two hours. Local 
authorities should support improvements in shading, 
ventilation, and cooling systems to reduce heat stress. 
Training in safe postures and participatory ergonomics is 
essential to reduce strain and involve workers in task 
redesign. Simple monitoring systems, such as routine 
checks of pulse and body temperature, can serve as early-
warning tools to detect fatigue and prevent accidents. 

Finally, while this study provides valuable evidence, its 
cross-sectional design and context are limited to Bali, 
restricting broader generalizability. Future research should 
investigate the long-term health effects of occupational 
heat and musculoskeletal strain, and examine the 
integration of ergonomic interventions in other artisanal 
and industrial sectors to safeguard worker well-being and 
productivity. 
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