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ABSTRACT

Objectives. This study aimed to examine the impact of work schedule and work position on fatigue levels among
employees at a private geothermal firm in Indonesia during the COVID-19 pandemic. The company has modified its
work schedule considering the COVID-19 epidemic to ensure a continuous supply of energy and meet the needs of
the public.

Methods. In this cross-sectional study, the dependent variable is fatigue, which is classified as a latent variable. Fatigue
is assessed using the Indonesian version of the Swedish Occupational Fatigue Inventory (SOFI). Fatigue is a condition
that has five dimensions: lack of energy, physical exertion, physical discomfort, sleepiness, and lack of motivation.
The observed variables in this study include work schedule and work position, which serve as independent variables.
Using structural equation modeling (SEM), we assessed the impact of the independent variables on each dimension
of fatigue. This approach allowed for the analysis of both the measurement and structural models.

Results. The investigation employed total sampling, involving 132 workers from the company who willingly participated
in the study. According to the findings, workers' main fatigue dimension was lack of energy. However, the statistical
analysis did not establish a significant influence of work schedule and work position on fatigue.

Conclusion. Based on the findings of the SEM analysis, it is evident that there is no statistically significant correlation
between work schedules and job positions with various dimensions of fatigue assessed using the SOFI questionnaire.
These dimensions include lack of energy, physical exertion, physical discomfort, sleepiness, and lack of motivation.
While this outcome suggests that work schedules and job positions may not directly influence fatigue levels as
measured in this study, it underscores the importance of implementing occupational health and safety management
systems. Additionally, promoting good work practices such as offering flexible working hours may help address
potential fatigue concerns among employees. However, further research is necessary to explore additional variables
that could potentially impact fatigue levels in the context of the COVID-19 pandemic and beyond.
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INTRODUCTION

The COVID-19 pandemic has exacerbated levels of fatigue
among workers', including those in the geothermal industry,
who have a vital role in fulfilling essential public needs. Research
indicates that there are concerning levels of work-related fatigue
among workers in the power generation industry in Jakarta,
with 57.5 percent of workers reporting fatigue.? Similarly, a
considerable number of workers at the Lahendong geothermal
plant in North Sulawesi experience high levels of fatigue, with
68.8 percent of them reporting significant fatigue levels.? The
study conducted by Arkestdt et al. underscores the impact
of different elements, such as high job demands, low social
support, supervisory roles, type of work, and work schedule,
on levels of fatigue.

Furthermore, researches by Zucchi et al. and Banks et al.
highlight the potential psychosocial hazards that can arise during
a pandemic, including prolonged changes in schedules or altered
work patterns, which can intensify feelings of fatigue.”® These
hazards are particularly pertinent in the geothermal industry,
where physically demanding tasks are common and workers
may experience lengthy shifts or adopt unpredictable work-
from-home schemes.”

Considering this situation, a private geothermal company
in Indonesia has recently modified its work schedule in order
to meet the increased electricity demands caused by the
pandemic. Surveillance data reveals that around 10 percent of
the company's employees reported experiencing fatigue due
to the pandemic. In response, the company initiated a fatigue
assessment to examine the impact of the new work schedule
on worker fatigue. The study aims to determine the impact of
different work schedule types and work positions on various
dimensions of fatigue experienced by workers.

Roster methods are commonly used in various industries,
including geothermal, especially in production settings that
operate around the clock.” These schedules dictate the duration
of days spent at work and the length of each work shift. However,
the COVID-19 pandemic has disrupted these schedules, leading
to alterations in shift patterns and work arrangements.

Workers in the geothermal industry have diverse
responsibilities, encompassing a range of tasks from monitoring
and administrative duties to more physical and technical roles.
Most workers spend their time in control rooms for 8 hours per
shift, where they meticulously monitor control screens to oversee
system operations and ensure optimal performance. In this role,
they are responsible for monitoring operational parameters such
as temperature, pressure, and flow, and responding promptly
to any changes. Activities in the control room mainly involve
sitting and coordinating via radio.

Additionally, the majority of workers are involved in field
tasks that require their physical presence at work sites. One of
the primary tasks is performing preventive maintenance and
repairs on equipment such as generators, pumps, and pipeline
systems. They also conduct routine inspections to detect
potential problems or leaks that may disrupt operations. When

working in the field, operators must drive light vehicles on roads
that often incline and decline, navigating through various road
conditions, and potentially being exposed to vibrations caused
by the vehicle. They spend hours inspecting geothermal pipeline
routes in various areas, often requiring long journeys in vehicles
followed by walking to reach remote locations. This activity,
depending on the well's location, can take 2-4 hours, sometimes
covering distances of 1-3 kilometres.

Moreover, they also carry out routine activities such as daily
inspections in generator areas, which are often located in noisy
environments and require high vigilance in the surrounding
area. Workers must walk around a generator area measuring
approximately 100 m?, which consists of four floors, with each
floor requiring manual stair climbing. This activity requires
significant physical endurance, especially due to the noisy (>120
dB) and potentially hazardous work environment.

In addition to these field tasks, workers are also involved
in maintenance activities in workshops, including various tasks
such as welding, painting, and replacing machine components.
This is a crucial part of their job to ensure that all equipment
and machinery operate safely and efficiently.

Team leaders have additional responsibilities in coordinating
and managing teams, which include planning meetings,
organizing schedules, and ensuring effective communication
among team members. These meetings, which usually last for
about two hours each time, are essential for aligning team vision
and strategy, and ensuring that all team members have a clear
understanding of their tasks and responsibilities.

In a private geothermal company located in Indonesia,
the normal work schedule for leader workers is to adhere to
a roster schedule. This schedule consists of 5 consecutive days
on duty followed by 2 days of rest in the first week, and then
4 consecutive days on duty followed by 3 days of rest in the
following week. This pattern continues, with each workday
lasting 12 hours. On the other hand, individuals who are not
in leadership positions, or non-leader workers, follow a roster
schedule where they are on duty for 7 consecutive days and then
have 7 days off. During their workdays, they work for a total of
8 hours each day.

During the pandemic, the work schedule for leader workers
changes to a scheme of 5 days on duty, followed by 2 days off in
the first week, followed by 4 days working from home, and then
3 days off. This work plan referred as a 9-5 work schedule. The
schedule for non-leader workers consists of 14 consecutive days
on-site, working 12-hour shifts. These 14 days include both day
or night hours. After this period, they get 14 days off-site, and
then the cycle repeats. This work plan referred as a 14-14 work
schedule. A detailed explanation of work schedules and work
positions is presented in Table 1.

According to the acknowledgement of leader workers,
the working hours during work from home (WFH) are highly
uncertain. Occasionally, people use off-duty time for work,
disrupting their intended rest time. Non-leader workers may
have a series of consecutive days with extensive work shifts,
followed by prolonged time away from the workplace. The
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Table 1. Normal and Pandemic Work Schedules and Work

Positions
W?fk Normal work schedule Pandemic work schedule
position

Leader e Continuous pattern
of 5 days on duty
followed by 2 days
off, then 4 days on
duty followed by 3
days off.

e A 12-hour workday

e Continuous pattern of
5 days on duty followed
by 2 days off, then 4
days of working from
home (WFH) followed
by 3 days off, namely 9-5
work schedules.

e A 12-hour workday

Non-leader e Continuous pattern e Continuous pattern of
of 7 days on duty 14 days on duty followed
followed by 7 days by 14 days off, namely
off. 14-14 work schedules.
e An 8-hour work shift e A 12-hour work shift

changes in work schedules have significant implications for
worker fatigue and necessitate further investigation.

In summary, the COVID-19 pandemic has underscored
the importance of understanding and addressing fatigue among
workers in the geothermal industry. This study seeks to analyse
the effects of changing work schedules on levels of fatigue, with
the goal of providing insights into ways for reducing fatigue
and enhancing the well-being of workers in response to evolving
job demands.

The Swedish Occupational Fatigue Inventory (SOFI) is
used to measure five dimensions of fatigue, including lack of
energy, physical exertion, physical discomfort, sleepiness, and
lack of motivation.

Lack of energy refers to feelings of diminishing strength,
often described as worn out, spent, drained, or overworked.®
Geothermal workers, particularly those in leadership positions,
may spend a considerable amount of time to attending meetings
during their travels to and from the site. Additionally, they may
also conduct meetings upon reaching their destination, leading
to extended working hours both in the office and in the field.

Physical exertion involves whole-body sensations, such
as palpitations, sweating, being out of breath, and heavy
breathing, which may occur during dynamic work or metabolic
exhaustion.” While geothermal workers typically have minimal
levels of physical labor, particular tasks such as maintenance, flow
tests, and roving may demand significant exertion, especially for
non-leader workers who work on a 14-14 work schedule. Figure
1 presents a visual representation of the specific physical work
tasks carried out by workers in the geothermal industry.

Physical discomfort refers to local bodily sensations
resulting from static or isometric workload, such as tense
muscles, numbness, stiff joints, and aching.” Sedentary activities
are common in geothermal work, particularly for leaders who
often spend extended periods of sitting in front of computers
for daily meetings.

Sleepiness is often associated with night work and is
expressed through symptoms like drowsiness, yawning, and
falling asleep.” Workers who work night shifts on a regular basis,
such as those who follow a 12-hour shift, or those who need
to be alert while monitoring control rooms, may experience
heightened sleepiness. Additionally, leaders may engage in
online meetings outside their regular working hours, which can
further contribute to fatigue.

Lack of motivation can arise from activities requiring
high levels of alertness, monotony, and constant attention.’
Monotonous tasks such as daily checks, online meetings, and
document reviews demand vigilance and may lead to feelings of
disengagement or passivity among workers.

Overall, understanding these dimensions of fatigue is
crucial for identifying and addressing potential issues in the
geothermal industry.

Studies conducted by Banks et al.” and Arkestadt et al.'® has
firmly established a correlation between fatigue and many work
characteristics, including workload, work schedule, position,
and social support. Furthermore, an overwhelming amount of
work can lead to increased work-related stress, which in turn
can have a negative impact on an employee's productivity and

Figure 1. Examples of physical work tasks in the geothermal industry.

ACTA MEDICA PHILIPPINA 3



Impact of Work Schedule and Work Position on Fatigue among Geothermal Workers

overall job contentment.! Due to the ongoing pandemic,

changes have been made to the geothermal work schedule,

resulting in leaders having to take responsibility to maintain

uninterrupted output despite worker fatigue. Consequently,

our objective is to investigate the impact of work schedules and

work positions on various dimensions of fatigue. This study

conceptualized fatigue as a complex phenomenon that includes

various dimensions such as lack of energy, physical exertion,

physical discomfort, sleepiness, and lack of motivation.
According to the information provided above, the study

hypothesis is shown in Figure 2:

1. Hypothesis 1 (H1): The type of work schedule impacts the
level of fatigue associated with a lack of energy at work.

2. Hypothesis 2 (H2): The work position impacts the level of
fatigue associated with a lack of energy at work.

3. Hypothesis 3 (H3): The type of work schedule impacts the
level of fatigue associated with physical exertion.

4. Hypothesis 4 (H4): The work position impacts the level of
fatigue associated with physical exertion.

5. Hypothesis 5 (H5): The type of work schedule impacts the
level of fatigue associated with physical discomfort.

6. Hypothesis 6 (H6): The work position impacts the level of
fatigue associated with physical discomfort.

7. Hypothesis 7 (H7): The type of work schedule impacts the
level of fatigue associated with sleepiness.

8. Hypothesis 8 (H8): The work position impacts the level of
fatigue associated with sleepiness.

9. Hypothesis 9 (H9): The type of work schedule impacts the
level of fatigue associated with lack of motivation at work.

10. Hypothesis 10 (H10): The work position impacts the level
of fatigue associated with lack of motivation at work.

Work Schedule

Work Position

Figure 2. Framework of the study.

The dimensions of fatigue measured by SOFI include Low Energy (LE),
Physical Exertion (PE), Physical Discomfort (PD), Sleepiness (S), and Lack
of Motivation (LM). Rectangular variables are observable variables, while
elliptical variables are latent variables. The hypotheses of this study are
labeled as H1 to H10.

MATERIALS AND METHODS

Study Design and Sampling Framework

This cross-sectional study aims to investigate the association
between various occupational factors, including work schedule
and work position, and the dimensions of fatigue among
employees at a private geothermal company in Indonesia. The
study employed a total sampling approach, encompassing all
geothermal workers, from December 2021 to February 2022.
The inclusion criteria were all individuals employed at the
geothermal facility throughout the specified time frame who
gave their consent to participate in this study.

The estimated sample size, determined by the maximum
likelihood estimation (MLE) approach, indicates that the
sample size should be between 100 and 200. Alternatively, it
can be calculated as 5 to 10 times the number of estimated
parameters or indicators. Given that there are 22 indicators
involved in this study, the minimum sample size necessary is
110 samples (5 multiplied by 22)."? We used total sampling,
which led to a final sample size of 132.

Data Collection

Respondents completed a questionnaire online through
a link provided by the researcher. Data collection took place
between December 2021 and February 2022, utilizing Google
Forms. An attempt was made to reduce bias in the completion
of the questionnaire by scheduling it on the third day of duty. In
addition, instructions were given to improve the understanding
of respondents when filling out online forms.

Fatigue Assessment

Fatigue is assessed using the Indonesian version of the
Swedish Occupational Fatigue Inventory (SOFI), comprising 20
items. The assessment employs a 7-point Likert scale, allowing
respondents to rate their fatigue levels from 0 (not at all) to 6
(very high level of fatigue). This evaluation categorizes fatigue
into five dimensions: lack of energy, physical exertion, physical
discomfort, sleepiness, and lack of motivation. Thus, each
dimension has a minimum score of 0 and a maximum score of 6.

Data Analysis

The data was organized using Microsoft Excel and analyzed
using Stata 17 statistical software. The results of the multivariate
normality tests showed that the data did not follow a multivariate
normal distribution. As a result, a bootstrap resampling
approach was used for maximum likelihood estimation.® Prior
to examining the correlation between work schedule and work
position with the five dimensions of fatigue, we must initially
evaluate the validity and reliability of fatigue as a latent variable.
Convergent validity was assessed by analyzing the loading
factor values, which needed to exceed a threshold of 0.70. In
structural equation modeling (SEM), a threshold of 0.5 for
the average variance extracted (AVE) is considered appropriate
for assessing the convergent validity of latent variable. The
construct's reliability was evaluated using composite reliability
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with a cut-off point of 0.7. The structural model was evaluated
using multiple goodness-of-fit criteria, including RMSEA, CFI,
TLI, and SRMR.” Modifications were made as necessary based
on model fit, with subsequent hypothesis testing conducted
on the structural model.

Ethical Considerations

This study obtained approval from the Ethics Committee
of the Faculty of Medicine, University of Indonesia—Cipto
Mangunkusumo Hospital, with approval number KET-145/
UN2.F1/ETIK/PPM.00.02/2022, on February 14, 2022.
We obtained informed consent from all participants prior to
their involvement in the study. We conducted all procedures
in accordance with relevant ethical standards.

RESULTS

The characteristics of the subjects is presented in Table 2.
Descriptive analysis, utilizing mean and standard deviation, was

Table 2. Subject Characteristics

conducted on the age variable due to its normal distribution.
Both groups are primarily engaged in sedentary occupations.
The fact that the majority of workers have been employed for
more than five years suggests that they are accustomed to the
dynamic nature of work in the geothermal industry. However,
there is a possibility that this familiarity can lead to monotony
in their work. Despite the presence of sports facilities in the
workplace, the majority of workers do not engage in regular
exercise, potentially resulting in decreased musculoskeletal
flexibility and fatigue. It is noteworthy that most workers with a
14-14 work schedule tend to have more children younger than
7 years old, rendering them more susceptible to fatigue.
According to Ashberg, the dimensions of fatigue can be
assessed using SOFI by calculating the average value of each
dimension.® Subsequently, the dimension with the highest
average value is identified as the dominant dimension of
fatigue. The dimensions of fatigue among geothermal workers
are described in Table 3. After examining the data in Table 3,
it became clear that the main factor contributing to worker

Work schedule Position
9 -5,n(%) 14 - 14, n (%) Non-leader, n (%) Leader, (%)

Age (Mean + SD) 429 +(7.9) 42.6 + (6.6) 41.2 +(7.0) 429 +(4.8)
Gender

Male 52(98.1) 79 (100) 102 (99) 29 (100)

Female 1(1.9) 0(0) 1(1) 0(0)
Department

Non-Operation 53 (100) 40 (50.6) 70 (68) 23(79.3)

Operation 0(0) 39 (49.4) 33(32) 6(20.7)
Type of work

Sedentary 39 (73.6) 43 (54.4) 61 (59.2) 21(72.4)

Non-Sedentary 14 (26.4) 36 (45.6) 42 (40.8) 8(27.6)
Years of service

>5 years 45 (84.9) 76(96.2) 94 (91.2) 27 (93.1)

0 - 5years 8(15.1) 3(3.8) 9(8.8) 2(6.9)
Sports

Not a routine 36 (67.9) 55 (69.7) 71 (68.9) 20 (68.9)

Routine 17 (32.1) 24 (30.3) 32(31.1) 9(31.1)
Have Children <7 years old

No 37 (69.9) 38(48.1) 52 (50.4 23(79.3)

Yes 16 (30.1) 41 (51.9) 51 (49.6 6(20.7)

Note: 9 - 5 and 14 - 14 are groups of work schedule types, SD: standard deviation

Table 3. Overview of Fatigue Dimensions

Fatigue 9 - 5 Schedule 14 - 14 Schedule Non-leader Leader
Dimension Mean * (SD) Mean * (SD) Mean * (SD) Mean * (SD)
LE 2.10 £ (1.41) 1.89 +(1.36) 1.94 +(1.33) 2.09 +(1.54)
PE 1.07 +(1.05) 1.46 +(1.10) 1.38 +(1.10) 1.02 +(1.05)
PD 1.62 +(1.19) 1.75 +(1.47) 1.73 £(1.37) 1.57 +(1.35)
S 1.93 +(1.27) 1.86 +(1.47) 1.93 +(1.48) 1.74 +(1.03)
LM 1.63 £(1.52) 1.27 +(1.38) 1.41 +(1.47) 1.44 +(1.37)

LE: lack of energy, PE: physical exertion, PD: physical discomfort, S: sleepiness, LM: lack of motivation, SD: standard deviation
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fatigue is lack of energy. This conclusion was derived by
considering the dimension that had the greatest mean among
all groups of workers. This discovery emphasizes the need of
comprehending the intricate interaction between different
dimensions of fatigue and its consequences for the well-being
of workers.

The evaluation of the measurement model's performance
is presented in Table 4, where discernible favourable outcomes
shed light on the model's robustness and reliability. However,
two indicators, namely "sweaty" attributed with physical
exertion and "numbness” attributed to physical discomfort,
demonstrate loading factors that fall below the acceptable level
of 0.70. According to Hoyle, scholarly literature indicates that
loading factors more than 0.40 may be considered acceptable.'?
However, it is important to recognize that there may be
difficulties in achieving convergent validity in some situations.
Nevertheless, the fact that the Average Variance Extracted
(AVE) value is higher than 0.50 and the Composite Reliability
(CR) value is greater than 0.70 confirms that there is sufficient
discriminant validity and reliability of the latent construct.
This provides assurance in the validity and reliability of the
measurement model. However, the initial model's failure to
meet the criteria for goodness-of-fit requires a comprehensive
refinement procedure. This process involves making revisions

based on theoretical insights rather than relying solely on
information acquired from the modification index provided
by the software.!>!4

The final model (Figure 3) reveals a detailed understanding
of how sleepiness and lack of motivation interact, and how they
collectively contribute to worker fatigue. This model introduces
a new path that demonstrates a statistically significant influence
on fatigue, with a p-value of less than 0.05. This detailed
examination helps us better understand the complex nature of
worker fatigue and underscores the importance of adopting a
holistic approach to treating its underlying causes and the impact
it has on worker well-being and organizational performance.

In Figure 3, we present a comprehensive depiction of
the research model, offering a visual narrative of its iterative
modification process. Initially, the model, illustrated by
solid arrow lines, encapsulated the conceptual framework
underpinning our investigation. However, upon closer scrutiny,
it became evident that certain indicators, namely "sweaty"
and "numbness,” introduced noise and complexity into the
model without substantially contributing to its explanatory
power. Consequently, through a systematic process of model
modification, denoted by dashed arrow lines, we judiciously
removed these superfluous indicators to streamline the model's
structure and enhance its interpretability.

Work schedule Position
013 -0.084
-0.024 -0.04
0.084 0.011 "
0.15 0.098 ) -0.055
0.49
y LM
PE €2
PD
s €1

A 0.98
! /|

\ J 0.99

! 0.6

\ 0.64 0.7

0.54 \ 04 i < 7 : 950
1 ’ 3
gl 037 0.7 0.37 0. 0.7 ) 530> 0.68 0.7
: 7056 04 07/ 09¥ 079 094 09d 0.5 0.5N/0.890. 0. 07
04 ’
1 1
h 4 v y
PE1 PE2 | PE3 | PE4 | PD1 | PD2 PD3 PD4 | LE1 || LE2 || LE3 || LE4 | S1 S2 S3 S4 LM1 LM2—| LM3 LM4

Figure 3. Research model.

LE: lack of energy, PE: physical exertion, PD: physical discomfort, S: sleepiness, LM: lack of motivation, LE1: drained, LE2: overworked, LE3: spent, LE4:
worn out, PE1: out of breath, PE2: palpitation, PE3: sweaty, PE4: breathing heavily, PD1: numbness, PD2: aching, PD3: stiff joint, KF4: tense muscles,
S1: drowsy, S2: falling asleep, S3: yawning, S4: sleepy, LM1: passive, LM2: lack of concern, LM3: uninterested, LM4: indifferent, O : Latent variable,

[ : Manifest variable, =% : Final model
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Following this modification, we conducted a meticulous
evaluation of both the initial and modified models" goodness-
of-fit, a pivotal step in assessing their adequacy in capturing
the observed data. The results of this assessment, detailed in
Table 5, unveiled a notable discrepancy: while the initial model
fell short of meeting the predefined fit criteria, the modified
model showcased significant improvements across a spectrum of
fit indices. Despite these advancements, it's worth noting that
the p-value remained unchanged throughout the modification
process, underscoring the robustness of our findings.

Armed with a modified and empirically validated model,
our next endeavour revolves around hypothesis testing—an
essential step towards deriving actionable insights from our
research findings. By subjecting our modified model to rigorous
hypothesis testing, we aim to unearth nuanced relationships
and discern patterns that offer invaluable insights into the
intricate interplay between work schedule, job position, and
worker fatigue dimensions. Through this meticulous analytical
process, we endeavour to contribute meaningfully to the
existing body of knowledge in the field, ultimately paving the
way for informed decision-making and actionable interventions
aimed at mitigating worker fatigue and enhancing overall well-
being in the workplace.

Table 4. Measurement Model

Latent variable Indicator Loading factor AVE CR
LE 0.79 0.93
Drained 0.94
Overworked 0.78
Spent 0.93
Worn out 0.89
PE 0.66 0.85
Out of breath 0.71
Palpitation 0.87
Sweaty 0.62*
Breathing heavily 0.86
PD 0.79 0.92
Numbness 0.66*
Aching 0.89
Stiff joint 0.84
Tense muscle 0.92
S 0.77 0.93
Drowsy 0.87
Falling asleep 0.89
Yawning 0.85
Sleepy 0.87
LM 0.76 0.92
Passive 0.86
Lack of concern 0.85
Uninterested 0.86
Indifferent 0.92

*Less than 0.70

LE: lack of energy, PE: physical exertion, PD: physical discomfort, S:
sleepiness, LM: lack of motivation, AVE: average variance extracted,
CR: composite reliability

The p-values derived from the structural equation analysis
of the final model were employed to rigorously test the null
hypothesis. As illustrated in Table 6, where the p-values
exceed 0.05, neither the type of work schedule nor the job
position demonstrates statistically significant effects on fatigue
dimensions, including lack of energy, physical exertion, physical
discomfort, sleepiness, and lack of motivation.

However, notwithstanding these outcomes, it is noteworthy
to highlight a distinctive observation within the final model. A
compelling revelation emerges, signifying an interdependent
effect between the error covariance dimensions of feeling sleepy
and lack of motivation. This relationship is characterized by a
coeflicient of 0.488 and a p-value of 0.000.

DISCUSSION

According to the result of this study, there is no significant
correlation between work position and work schedule with
various dimensions of fatigue experienced by geothermal
workers, such as lack of energy, physical exertion, physical
discomfort, sleepiness, and lack of motivation. These results
suggest that factors beyond work position and work schedule
may have a greater effect on fatigue levels among workers,

Table 5. Goodness of Fit

h?:;igt Cut point Initial model  Final model
Chi-Square  The smaller the better 603 250
p value >0.05 0.00 0.00
RMSEA <0.08 0.13 0.07
CFI 0.90 0.81 0.95
TLI >0.90 0.78 0.93
SRMR <0.08 0.38 0.07

RMSEA: Root Mean Square Error of Approximation, CFl: Comparative
Fit Index, TLI: Tucker Lewis Index, SRMR: Standardized Root Means
Square Residual

Table 6. Hypothesis Test Results

Hypothesis p value

1 Work schedule > Lack of energy 0.925
2 Work position > Lack of energy 0.940
3 Work schedule > Physical exertion 0.278
4 Work position > Physical exertion 0.574
5 Work schedule > Physical discomfort 0.556
6 Work position > Physical discomfort 0.802
7 Work schedule > Sleepiness 0.795
8 Work position > Sleepiness 0.435
9 Work schedule > Lack of motivation 0.231
10 Work position > Lack of motivation 0.699
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consistent with previous research indicating the role of
individual and environmental factors on fatigue.”” This is also
consistent with the findings of prior study, which indicate
that a physical work environment that fails to foster work-life
balance will have an impact on employees' performance and
job satisfaction.'®

Despite the lack of significant associations between work
characteristics and fatigue dimensions, lack of energy emerges as
a prevalent dimension of fatigue experienced by workers in this
study. This underscores the importance of addressing fatigue
management strategies in the workplace to enhance employee
well-being and productivity.!”

Furthermore, the study reveals insights into the daily routines
and work arrangements of geothermal workers, highlighting
factors such as workload, changes in assignments, and sleep
quality as potential contributors to fatigue.’® Interestingly,
despite predominantly sedentary work roles, workers have
access to occupational health and safety measures, including
micro break alarms and flexible working hours, which may
mitigate fatigue risks.!”? In relation to this matter, amongst
the COVID-19 pandemic, fieldwork has been enhanced to
incorporate health and safety protocols that may have an impact
on individuals in the vicinity.*'*

Moreover, the study suggests that implementing effective
work systems and providing adequate support for workers, such
as health facilities and benefits, could further alleviate fatigue
concerns in the workplace.”® These findings underscore the
need for comprehensive fatigue management approaches that
consider various factors beyond job characteristics.

However, it is essential to acknowledge the limitations of
this study, including the limited number of variables evaluated
and the timing of data collection on the third day of work,
which may not capture fatigue levels accurately among workers
with different work schedules. Future research could explore
additional factors influencing fatigue and employ longitudinal
designs to capture fluctuations in fatigue levels over time,
thereby providing more comprehensive insights into fatigue
management in the geothermal industry.

Although the hypotheses regarding the relationship
between work position, work schedule, and fatigue dimensions
are not supported by the findings of this study, it is essential
to explore potential explanations for these unexpected results.
One possible explanation could be the complexity of fatigue
as a multidimensional construct influenced by various factors
beyond job characteristics alone. Previous research has
highlighted the role of individual differences, psychosocial
factors, and organizational factors in shaping fatigue experiences
among workers.”® For example, individual coping strategies,
such as time management skills and self-regulation abilities,
may mitigate the impact of work schedule variations on fatigue
levels. Moreover, organizational policies and practices, such as
the provision of adequate breaks and opportunities for recovery,
can influence workers' fatigue experiences independent of
their specific job positions or work schedules. Thus, while
job characteristics undoubtedly play a role in shaping fatigue

outcomes, the interplay between individual, psychosocial, and
organizational factors may overshadow their direct effects in
certain contexts.”

Furthermore, the lack of significant associations between
work characteristics and fatigue dimensions in this study may
also be attributed to methodological limitations or measurement
issues. For instance, the use of self-report measures, such as the
Swedish Occupational Fatigue Inventory (SOFI), may introduce
response bias or measurement error, potentially attenuating
the observed relationships between variables. Additionally, the
cross-sectional design of the study limits the ability to draw
causal inferences or capture temporal dynamics in fatigue
experiences over time. Future research employing longitudinal
designs or objective measures of fatigue, such as actigraphy or
biomarkers, may provide more robust evidence regarding the
relationship between work characteristics and fatigue outcomes.

Moreover, contextual factors specific to the geothermal
industry, such as the unique work environmentand organizational
culture, may influence the observed patterns of fatigue among
workers. For example, this private geothermal company often
involves remote or isolated work locations, challenging working
conditions, and high levels of task complexity, which may
contribute to fatigue experiences independent of job position
or work schedule. Additionally, organizational norms regarding
workload expectations, overtime practices, and safety protocols
may shape workers' perceptions of fatigue and their ability to
cope with job demands.” Thus, future research should consider
the role of industry-specific factors in understanding fatigue
outcomes among geothermal workers and explore potential
avenues for intervention at the organizational level.

In summary, while the hypotheses regarding the relationship
between work position, work schedule, and fatigue dimensions
were not supported by the findings of this study, several
factors may explain these unexpected results. These include
the complexity of fatigue as a multidimensional construct,
methodological limitations in measurement and design, and
contextual factors specific to the geothermal industry. Future
research should address these considerations to enhance our
understanding of fatigue in the workplace and inform targeted
interventions to improve worker well-being and productivity.

CONCLUSION

Based on the comprehensive SEM analysis conducted
in this study, the research outcomes reveal that there exists
no statistically significant correlation between various work
schedules and job positions with the diverse dimensions of
fatigue, as evaluated through the SOFI questionnaire. These
dimensions encompass a range of factors including lack of energy,
physical exertion, physical discomfort, sleepiness, and lack of
motivation. Despite the absence of a direct relationship between
work schedules, job positions, and fatigue levels, as observed in
this investigation, it is essential to recognize the multifaceted
nature of fatigue within the context of the geothermal industry

during the COVID-19 pandemic.
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The findings suggest that while altering work schedules
and job positions may not directly influence fatigue levels
among geothermal workers, it is imperative to emphasize the
implementation of comprehensive occupational health and
safety management systems. Such systems play a pivotal role
in safeguarding the well-being of employees and fostering
a conducive work environment. Moreover, promoting and
fostering good work practices, such as offering flexible working
hours, emerges as a potential strategy to address and mitigate
fatigue-related concerns among workers.

However, it is crucial to acknowledge the complexity
of fatigue as a multifactorial phenomenon influenced by
various individual, organizational, and environmental factors.
Therefore, while the current study sheds light on the association
between work schedules, job positions, and fatigue levels,
further research is warranted to delve deeper into additional
variables that may impact fatigue among geothermal workers.
By advancing our understanding of these factors, we can
develop more targeted interventions and strategies to effectively
manage and mitigate fatigue risks, thereby enhancing the overall
health, safety, and well-being of employees in the geothermal
industry, particularly amidst the ongoing challenges posed by
the COVID-19 pandemic.

Study Limitations

While this study provides valuable insights into the
relationship between work-related factors and fatigue, it
is essential to acknowledge certain limitations. Firstly, the
relatively small sample size of leader workers may restrict
the generalization of findings. Additionally, the timing of
questionnaire completion, understanding of the questionnaire,
and the use of technology can influence assessment results since
fatigue may not be experienced at the time of form completion.
Moreover, research on fatigue among geothermal workers is
still limited, making it challenging to find relevant references
for this study. Nevertheless, despite these limitations, the study
offers meaningful implications for future research and practical
applications.
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