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Abstract

Mental fatigue among coal mining operators was related to driving activities that require high concentration. This study aimed to determine factors that con-
tributed to mental fatigue among coal mine operators in Indonesia, specifically in Kalimantan and Sumatra, after a one-year COVID-19 pandemic. This cross-
sectional study was conducted among 480 operators from two companies and seven sites. A self-administrated questionnaire in the Google Form was used
to measure mental fatigue, the non-work-related factors (age, education, marital status, residence, and stress level), and work-related factors (working
periods, shift pattern, type of shift, and work area in mining). The data analyzed using Chi-square and binomial logistic regression showed that the prevalence
of mental fatigue was 32.3%. Operators with moderate stress and working in the pit area demonstrated a significant association with mental fatigue (p-va-
lue<0.001). Multivariable analysis showed that medium stress (AOR = 2.11; 95% CI = 1.41-3.15) and working in the pit (AOR = 2.27; 95% CI: 1.45-3.57) had
a positive association with mental fatigue. Thus, the pit condition and stress levels were the dominant factors influencing mental fatigue and became points

to manage mental fatigue in coal mining operators in Kalimantan and Sumatra.
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Introduction

Work-related fatigue is a common problem that has
raised complaints from the working population. More
than 20% of workers in the United States (US) experi-
ence fatigue every day,! several surveys about fatigue
among workers have obtained prevalence rates ranging
from 7% to 45%, depending on the method, instrument,
and cutoff points used.2 Work fatigue for coal mining
workers, especially operators, is an essential issue in oc-
cupational health and safety that needs to be managed.
Operator or driver is a worker who has the main task to
operate mining equipment and mining vehicles and ge-
nerally works under a shift work system. Generally, o-
perator fatigue is related to the driving activity that is
more mentally than physically because it requires the co-
ordination of sustained vigilance, selective attention,
complex decision-making, and the occasional use of au-
tomatic perceptual-motor control skills.3

The characteristics of driving activities and several
factors of the mining environment provide a high cogni-
tive load to cause mental fatigue to the operator. High-
level theories related to fatigue in mining workers include

situational awareness, decreased mental resources, work-
er stress, and other health factors.# In other words, the
characteristics of fatigue experienced by operators are
more mental fatigue. It is known that operator fatigue
can cause work accidents in mining activities. Drive fa-
tigue is one of the critical features that cause traffic acci-
dents in mining operations.> In open-pit mines, fatigue-
related accidents account for up to 65% of truck driving
accidents alone.® Driver fatigue causes more than 15%
of fatal accidents, and nearly 20% of serious accidents
are caused by driving fatigue.”-8 Meanwhile, according
to European Road Safety Observatory (ERSO), in 2018,
10%-25% of road accidents were caused by driver fa-
tigue.9

Fatigue among operators is caused by both multi fac-
tors included work-related and non-work-related.10-12
Some experts stated that the main causes of operator fa-
tigue are sleep-related issues, such as lack of sleep, poor
sleep quality, and demands for sleep caused by circadian
rhythms.#9 Some causes of fatigue can be purely due to
continuous high mental or cognitive activity, known as
mental fatigue. Mental fatigue is related to a decrease in
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motivation; the ability to process and respond to infor-
mation. Mainly is the decline of incompetence, produc-
tivity, and ability to avoid mistakes or errors.!
Furthermore, working under a shift system also increases
the potential to cause a decrease in a person’s mental
condition. Continuous mining activities that last 24 hours
per day and seven days per week can cause circadian
rhythm disturbances, resulting in worker fatigue, espe-
cially mental conditions.® The high mental demand of
tasks in coal mining can increase the stress level among
operators. Stress also plays a vital role in the fatigue ex-
perienced and is associated with sleep problems, with
higher levels of stress positively associated with fa-
tigue.13.14

During the coronavirus disease 2019 (COVID-19)
pandemic in Indonesia, which was started when the first
case was discovered in March 2020 and is still ongoing,
many sectors have been affected. The COVID-19 pan-
demic affects the health aspect and affects the business
world, including coal mining. Several coal mining com-
panies have implemented the COVID-19 prevention poli-
cies in line with local and national government policies.
This condition is suspected to increase pressure on min-
ing workers, especially operators, the largest group of
workers in coal mining. This study aimed to determine
non-work-related factors and work-related factors that
were contribute to mental fatigue among coal mine oper-
ators in Kalimantan and Sumatra after one year of the
COVID-19 pandemic in Indonesia.

Method

This cross-sectional study was conducted one year af-
ter the COVID-19 pandemic in Indonesia, where data
collection started from mid-March to mid-April 2021.
The study involved two coal mining companies, seven
mining sites, and 480 operators. The sample was calcu-
lated using simple random sampling formula (CI: 95%,
d = 5%, p-value = 0.57), and a minimum sample of 379
was determined based on a previous study.!> The sam-
pling technique used was simple random sampling.
Participants were recruited based on a list of employees
who were on shift during the data collection period. Data
was collected using a self-administered questionnaire
based on a Google Form and filled out online regarding
government and company’s pandemic policies.

The participants received a link address to answer the
questionnaire on their smartphones. All participants gave
written informed consent by selecting the (yes) button in
the online questionnaire for the question: “Are you will-
ing to be a respondent for this research?” The partici-
pants were instructed to fill out the questionnaire at the
off time, shift change break, or at the end of the daily
shift while resting in the company mess or at home after
a minimum of four days of work. The questionnaire in-

cluded questions about mental fatigue, non-work-related
factors (age, education, marital status, residence, and
stress level), and work-related factors (working periods,
shift pattern, type of shift, and work area in mining).

Mental fatigue was measured using the selected items
from three standard questionnaires. The first question-
naire is the Checklist of Individual Strength-20 (CIS-20),
which measures mental fatigue on items 3, 8, 11, 13, and
19.16 The second questionnaire is the Multidimensional
Fatigue Inventory-20 (MFI) that measures mental fatigue
on items 7, 11, 13, and 19.17 The third questionnaire is
Swedish Occupational Fatigue Inventory (SOFI) and
measures mental fatigue on items 5, 9, 14, and 16.18 All
three questionnaires used a Likert scale. The CIS-20 has
a score from 1 to 7, MFI has a score from 1 to 5, and
SOFI has a score from 0 to 6. The participants were cat-
egorized into experiencing mental fatigue on each ques-
tionnaire if they had a total score exceeding the median
value. The three instruments used to measure mental fa-
tigue must indicate mental fatigue, and then a participant
would be categorized as experienced mental fatigue.

The questions about non-work-related factors, includ-
ing age (30-44 years/<30 years and =45 years), educa-
tion (junior high school or less/senior high school or
more), marital status (single or divorced/married), and
stress level that measured using 10 items of Perceived
Stress Scale by Cohen.19-21 The questions about work-
related factors, including working periods (<10 years or
>10 years), shift pattern (8-hours shift/12-hours shift),
type of shift (day shift/night shift), and location of work
in mining (hauling area/pit area). Association between
non-work-related factors and work-related factors with
mental fatigue was analyzed by Chi-square test or Fisher
exact test as per applicability, p-value<0.05 was consid-
ered as significant at a 95% confidence interval (CI).
Variables that had a p-value<0.25 were considered for
multivariate binomial logistic regression.

Results

The total of operators who completed the online self-
administered questionnaire was 480. The prevalence of
mental fatigue was 32.3% based on the criteria in the to-
tal sample. Operators were determined to experience
mental fatigue when all the questionnaires had the same
result as mental fatigue. This study only measured the
prevalence of mental fatigue on operators without differ-
entiating its level.

This study measured five variables related to non-
work factors: age, education, marital status, place of resi-
dence, and stress level. The average age was 32 (£6)
years, with a range of 21-58 years old. Table 1 shows the
non-work-related factors of the study participants or op-
erators. Most coal mining operators were married (85%)
and living at home (63.5%). They have a relatively good
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level of education, which most of them (97.9%) gradu-
ated from senior high school or college/university. The
highest stress level among operators was moderate, with
a percentage almost similar to operators with low stress
(49.4% compared to 50.6%). The Chi-square test
showed only stress levels in the non-work-related factors
that indicated a significant association with mental fa-
tigue (p-value<0.001).

The work-related factors in this study are shown in
Table 2. Most of the operators (60.2%) had =10 years of
working periods as an operator. The majority (65.8%) of
operators worked in the pit area. The pit area is the cen-
tral location of the coal mining activities requiring vari-
ous tasks and equipment involved during the mining
process. The number of operators according to day shift
and night shift was approximately equal, so there was no
significant difference in the percentage of mental fatigue
between day and night shifts.

The work-related factor that demonstrated a signifi-
cant association with mental fatigue was work location
in mining. Operators who worked in the pit area (38.6%)

experienced more mental fatigue than those in the haul-
ing area (20.1%). Mental fatigue more occurrence
among operators with =10 years of working periods
(34.9%) compared to operators with <10 years of work-
ing periods (28.3%), as same as working with 8-hours
shift pattern (34.2%) compared to 12-hours shift pattern
(30.4%).

Multivariate analysis with a binomial logistic regres-
sion test was used to determine contributing factors of
mental fatigue among coal mining operators. Table 3
shows the results of the multivariable analysis. Four vari-
ables have met the criteria as candidates of multivariate
analysis (p-value<0.25). The four variables include age,
years of service, stress level, and working location in min-
ing from Table 1 and 2. The results of the analysis
showed that age and working period were excluded from
the multivariable model.

The result of the multivariable analysis shows that the
work area in mining had more contributed to mental fa-
tigue than the stress level. Working in the pit area was
more likely to experience mental fatigue (AOR = 2.27;

Table 1. Non-work-related Factors and Their Association with Mental Fatigue (n = 480)

Mental Fatigue

Variable Category Total Yes No p-value
n (%) n (%) n (%)
Age (year) 30-442 267 (55.6) 96 (36.0) 171 (64.0) 0.07
<30 and =45 213 (44.4) 59 (27.7) 154 (72.3)
Education Senior high school or more? 470 (97.9) 152 (32.2) 318 (67.7) 1.00
Junior high school or less 10 (2.1) 3 (30.0) 7 (70.0)
Marital status Single or divorced? 72 (15.0) 24 (33.3) 48 (66.7) 0.95
Married 408 (85.0) 131 (32.1) 277 (67.9)
Place of residence Company mess? 175 (36.5) 54 (30.9) 12 (69.1) 0.68
Home 305 (63.5) 101 (33.1) 204 (66.9)
Stress level Low? 243 (50.6) 57 (23.5) 186 (76.5) <0.001*
Moderate 237 (49.4) 98 (41.4) 139 (58.6)
Notes: *Indicates significance at p-value<0.05, Reference category
Table 2. Work-related Variables and Their Association with Mental Fatigue (n = 480)
Mental Fatigue
Variable Category Yes No p-value
n (%) n (%)
Working periods (year) <102 191 (39.8) 54 (28.3) 137 (71.7) 0.15
>10 289 (60.2) 101 (34.9) 188 (65.1)
Shift pattern 3 (8 hours)d 240 (50.0) 82 (34.2) 158 (65.8) 0.44
2 (12 hours) 240 (50.0) 73 (30.4) 167 (69.6)
Shift type Day shiftd 240 (50.0) 77 (32.1) 163 (67.9) 1.00
Night shift 240 (50.0) 78 (32.5) 162 (67.5)
Work area in mining Hauling aread 164 (34.2) 33 (20.1) 131 (79.9) <0.001*
Pit area 316 (65.8) 122 (38.6) 194 (61.4)

Notes: *Indicates significance at p-value<0.05, 2Reference category
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Table 3. Multivariable Analysis Factors Contributed to Mental Fatigue

95% CI for Exp (B)

Variable B Sig. Exp (B)

Lower Upper
Work area in mining 0.821 .000 2.272 1.447 3.567
Stress level 0.746 .000 2.108 1.412 3.146
Constant -1.709 .000 0.181

Note: CI: Confidence Interval

95% CI = 1.45-3.57) in operators than in the hauling
area. At the same time, operators with moderate stress
levels were more likely to experience mental fatigue than
operators with a low level of stress (AOR = 2.11; 95%
CI = 1.41-3.15). The multivariable analysis was conduct-
ed by controlling by working period and age as covari-
ates.

Discussion

Mental fatigue in coal mining operators is closely re-
lated to the characteristics of driving work. Operators
whose main job is to operate mining equipment or vehi-
cles are particularly vulnerable to mental fatigue. This
study found that the prevalence of operators who experi-
enced mental fatigue was 32.3%. This percentage is still
in the range of the fatigue prevalence among workers,
which is 7%-45%.2 This study result indicated that the
percentage of operator experienced mental fatigue was
lower than the study on drivers in Spain found 38.5% of
drivers experienced mental fatigue. That study found a
high proportion of drivers frequently drove under the
condition that causes cognitive, emotional, and motor de-
terioration, thus affecting driving.22 Another study of fa-
tigue and its associated risk factors among electronics
manufacturing shift workers in Malaysia also found that
30.2% of the workers have experienced mental fatigue.23
The high percentage of mental fatigue among coal mining
operators indicated that mental fatigue was a critical is-
sue in coal mining companies and needed control meas-
ures. The mental fatigue among the operator was related
to various factors such as characteristics of the driving
task. Operators must be stay alert during the working
time because they are usually driving alone on a lonely
road or driving in a crowded area in the pit.

This study examined the contributing factors of men-
tal fatigue from non-work-related and work-related fac-
tors. Based on the literature, respondents categorized in
the risk group (exposed) are aged <30 years and =45
years, have low education, are married, live at home, and
have high stress.13:19.20.23.24 The analysis showed that
only stress levels as non-work-related factors that are sig-
nificantly associated with mental fatigue. The results
showed that 41.4% of operators who experience moder-

ate stress levels experienced mental fatigue. Fatigue was
also positively associated with higher levels of stress.16
Uncontrolled and chronic stress is one of the main factors
causing fatigue,26 or fatigue is one of the implications of
chronic stress from continuous physical and cognitive
work.27

Driving a mining vehicle is one task that requires
high cognitive effort and must maintain concentration
for a long time.3 Study on 213 male workers in the ma-
nufacturing industry in Japan found that psychological
stress correlates with fatigue,2® and decreased perform-
ance.3 Operators with a high-stress level are more likely
to experience mental fatigue than those with lower stress
levels (OR = 2.11). Higher stress level is significantly as-
sociated with mental fatigue. Driver stress contributes
not only to fatigue but also to decrement in driver per-
formance.

Stress among coal mining operators can increase due
to conditions such as time pressure to complete a job,
long work hours, monotonous driving, personal situa-
tions, communication in the mining area, unpredictable
and hazardous road conditions, and other truck traffic.3
Stress and mental fatigue can be two things that affect
each other. Operators who experience stress due to work
demands and other factors will be more prone to experi-
encing mental fatigue. On the other hand, operators who
experienced mental fatigue due to work pressure and per-
sonal characteristics are more likely to get stress acutely
and long. Therefore, stress management programs are
most important in reducing the occurrence of mental fa-
tigue.

Another determinant factor of mental fatigue among
coal mining operators in Kalimantan and Sumatra is
working in the pit area. This study divided the working
area into the pit area and hauling area. The work envi-
ronment or work area is one of the main causes of fatigue
in mining workers.2> The results showed that operator
who work in the pit area has the possibility of experienc-
ing mental fatigue 2.3 times higher than operators who
worked in the hauling area. A study in China on the effect
of fatigue on driving performance found that the effects
of fatigued driving were higher on curved, downhill, and
changing directions than straight roads.9 The result of
this study indicated that the pit area of mining which has
many curves and intersections, road geometry conditions,
and traffic lanes that often change, caused more fatigue
than straight lines like in the hauling area. The pit area is
the central area of coal mining activities. The situation in
the pit area can create a stressful work environment. In
surface mining, the condition of the pit area is very dy-
namic and usually changes according to the progress of
the mining work. Changing the mine road and intersect-
ions, traffic, mine design, and layout, and also changes
the pit topography caused by climate conditions are some
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examples in the pit area that contributed to mental fa-
tigue. 311

The mining design is an essential first step of the coal
mining process. The implementation of excellence and
proper mining design that complies with mining safety
standards and at the same time also fulfills the occupa-
tional health and safety standards are essential approach-
es to develop control measures to reduce mental fatigue.
A holistic approach to managing the mental fatigue
among coal mining operators should consider various as-
pects, such as work-time arrangements, work design, en-
vironmental factors, and personal factors.!!

This study has several limitations. The first is using
online self-administered questionnaires. Regarding the
pandemic policy, visiting the study sites were not al-
lowed. Coordination with safety personnel and manage-
ments personnel was conducted to distribute the link ad-
dress of the questionnaire and explain the study objective
to the respondents. Another limitation in this study is us-
ing a cross-sectional design that will not allow the au-
thors to conclude causality for the established associa-
tions. In addition, future researchers may benefit from
this research by investigating other factors that con-
tribute to mental fatigue, such as the social life of coal
mining operators, management programs related to fa-
tigue management, and so forth. The future study design
should be quantitative and qualitative. This study will
help to understand mental fatigue from both non-work-
related and work-related perspectives, and determine fac-
tors that become entry points for intervention programs.

Conclusion

Working in the coal pit area and the stress level on
the operator are two factors that significantly contribute
to the mental fatigue experienced by coal mining opera-
tors in Kalimantan and Sumatra, especially concerning
after one year of the COVID-19 pandemic in Indonesia.
The non-work-related factor that had a significant rela-
tionship with mental fatigue was moderate stress levels.
While on work-related factors, working in the pit area is
a factor that has a significant association with mental fa-
tigue. The two factors have almost the same odds ratio to
caused mental fatigue. The coal mining company can de-
velop programs to deal with mental fatigue by creating
programs to minimize worker stress and design the min-
ing area that complies with related standards and regula-
tions.
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