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INTRODUCTION

The high level of mental workload in occupations that require direct interaction with automated
technologies can significantly impact service quality, productivity, and employees’ psychological well-
being. Carissoli et al. (2024) stated that human interaction with automated systems, coupled with
multitasking demands, can lead to elevated mental stress, ultimately resulting in decreased performance
and job satisfaction [1]. These findings are supported by Blank et al. (2021), who found that in human-
robot collaborative work environments, cognitive load tends to increase due to the necessity of managing
multiple tasks simultaneously and making rapid decisions [2].

Broadly speaking, Mamchur et al. (2023) highlighted that the use of advanced technologies,
such as artificial intelligence (Al)-based systems, often results in information overload within a short
time frame, triggering mental fatigue. Their research also indicated that heightened mental stress
adversely affects work and service quality and increases the likelihood of operational errors [3]. Similar
studies emphasize the importance of redesigning systems and job structures to mitigate mental fatigue
and enhance employees’ psychological comfort [4]. Consequently, it is essential to employ evaluation
tools such as the NASA-TLX to identify levels of mental workload and to design more adaptive work
environments that reduce stress, promote employee well-being, and enhance service efficiency.

NASA-TLX has been widely applied across various sectors, particularly for assessing cognitive
demands in high-risk workplaces such as air traffic control and healthcare. One study highlighted the
effectiveness of NASA-TLX in measuring mental workload among operators in complex work
environments, underscoring the tool’s relevance in understanding cognitive demands in high-pressure
tasks [5]. Other research also emphasized the importance of mental workload analysis in operational
settings, showing that insights derived from tools like NASA-TLX can significantly enhance decision-
making processes and task efficiency in dynamic environments such as call centers [6]. The NASA Task
Load Index (NASA-TLX) is widely recognized as a comprehensive subjective assessment tool that
evaluates six dimensions of mental workload: mental demand, physical demand, temporal demand,
performance, effort, and frustration [7]. According to Tao et al. (2022), high mental workload levels, as
measured using NASA-TLX, exhibit a negative correlation with operator performance, particularly in
work contexts that involve multitasking and high volumes of information. An imbalanced workload—
whether too low (underload) or too high (overload)—can serve as a significant source of psychological
stress [12]. Such imbalance not only impairs task completion effectiveness but also reduces overall
performance. This issue is particularly critical in service-based, communication-intensive environments
where rapid decision-making is essential. Therefore, data obtained from NASA-TLX holds strategic
value for monitoring and managing employees’ mental stress in dynamic work settings [8].

Nonetheless, most research on NASA-TLX remains focused on industries such as aviation,
healthcare, and automation [9]. There is a noticeable lack of in-depth studies on mental workload within
the call center sector, especially in developing countries such as Indonesia. This has resulted in limited
contextual data to inform the local application of workload assessments. Meanwhile, human resource
management approaches are undergoing a transformation, incorporating data-driven psychological
measurement methods. Brunzini et al. (2024) reported that integrating tools like NASA-TLX into
employee management systems could reduce operational errors by up to 35% [9].

This study aims to identify and analyze the level of mental workload experienced by call center
operators at PT XYZ Makassar using the NASA-TLX approach. A mixed methods design will be
employed, combining both quantitative and qualitative data to determine the most dominant workload
dimensions and examine their relationship with task characteristics and working conditions.

Theoretically, this study contributes to the advancement of cognitive ergonomics and
occupational psychology, particularly within the context of developing countries. Cognitive ergonomics
focuses on how individuals process information, interact with systems, and make decisions in the
workplace [12]. Practically, the findings are expected to provide data-driven recommendations for PT
XYZ’s management, covering aspects such as task redesign, work environment improvements, and
targeted training programs—all aimed at enhancing employee well-being and improving service
performance.
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RESEARCH METHODS

This study employs a mixed methods approach, with a dominant focus on descriptive
quantitative analysis, enriched by qualitative data to provide a more contextual understanding of the
mental workload dimensions experienced by call center operators. The mixed methods approach is
deemed appropriate because mental workload is a complex construct that cannot be fully explained
through numerical data alone; it also requires insight into individuals’ subjective perceptions of their
working conditions [10]. The primary instrument used in this study is the NASA Task Load Index
(NASA-TLX), a psychometric tool designed to assess mental workload through six core dimensions:
mental demand, physical demand, temporal demand, performance, effort, and frustration level. The
instrument combines quantitative rating scales with qualitative subjective assessments, making it
suitable for a combined methodological approach [7].

The main data source consists of call center operators employed at PT XYZ Makassar.
Participants were selected based on specific inclusion criteria: a minimum of six months of work
experience, active involvement in customer service, and voluntary participation in the study. These
criteria were set to ensure that the participants had sufficient work experience to provide representative
and relevant insights into the mental workload under investigation.

Data collection was conducted using both paper-based and online versions of the NASA-TLX
guestionnaire. Additionally, semi-structured interviews were conducted with selected respondents to
explore the subjective dimensions of mental workload in greater depth, particularly in relation to the
frustration and performance dimensions, which are often interpretive in nature. Triangulation
techniques were employed to integrate quantitative and qualitative data and generate a more
comprehensive understanding. Quantitative data were analyzed by calculating the mean scores for each
NASA-TLX dimension, as well as the overall mental workload score. Statistical software such as SPSS
was used to examine data distribution, dominant tendencies, and potential correlations between
dimensions. Meanwhile, qualitative data obtained from interviews were analyzed thematically to
identify common patterns in perceptions of mental workload [11].

Purposive sampling was used in participant selection, as this technique is appropriate for studies
requiring respondents with specific characteristics. For a descriptive approach, a sample size of 20 to 30
participants is generally sufficient to reveal common workload patterns within a department with a
limited number of staff [7]. Attention was also given to the validity and reliability of the instrument.
NASA-TLX has been widely validated across various occupational contexts, including healthcare,
aviation, manufacturing, and information technology. Previous studies have reported reliability
coefficients ranging from 0.78 to 0.89, confirming its appropriateness for subjective mental workload
assessment [19].

The study is theoretically grounded in cognitive ergonomics, which emphasizes that work
systems should be designed in alignment with human mental capabilities to promote efficiency and
comfort [11]. Additionally, the concept of person-task fit serves as a theoretical framework to assess the
alignment between individual characteristics and task demands within dynamic, multitasking call center
environments.

Through this methodological approach, the study aims to provide a comprehensive overview of the
mental workload conditions faced by call center operators. It is expected to contribute academically by
enriching the literature on cognitive ergonomics in the service sector, and practically by informing the
redesign of work systems that are more adaptive and supportive of mental well-being.

Furthermore, the NASA-TLX indicators consist of six principal dimensions, which can be presented in
tabular format for clarity. Developed by the National Aeronautics and Space Administration (NASA),
the NASA-TLX is a subjective measurement tool intended to evaluate mental workload
comprehensively, based on individuals’ perceptions of specific aspects of their job.
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Table 1. NASA-TLX Indicators

Measurement

. References
Indicators

Dimhension General Description

Mental The extent of mental and perceptual
Demand activity required to perform the task.

Physical The amount of physical activity required - Intensity of physical

- Need for concentration

- Complexity of

information [13], [14]
- Frequency of decision-

making

- Hand/eye/body

movements [15], [16]

Demand during the task. tool usage

Temporal The perceived time pressure experienced  complete tasks
Demand during task execution. - Availability of time

- Duration of static
posture

- Speed required to
[13], [17]

- Deadline pressure

- Satisfaction with work
outcomes

Performance  Subjective evaluation of task success. - Goal achievement [15], [14]

Effort

Frustration

- Perceived work
effectiveness

- Mental and physical
The amount of mental and physical effort
exertion needed to accomplish the task. - Energy expenditure

- Effort to maintain focus

- Feelings of anxiety,
anger, or stress

- Level of dissatisfaction
- Psychological
interference

[13], [18]

The degree of negative emotions
experienced during task performance.

[13], [16],
[18]

Steps for Mental Workload Measurement Using the NASA-TLX Method [20]:

1.

Step 1: Data Collection

The first step is to collect data by distributing the NASA-TLX questionnaire to employees from the
relevant divisions. Employees are asked to assess their mental workload based on their daily tasks,
using a scale of 0-100 for the six dimensions: Mental Demand (MD), Physical Demand (PD),
Temporal Demand (TD), Own Performance (OP), Effort (EF), and Frustration (FR).

Step 2: Paired Comparison and Weight Assignment

Next, weight assignment is performed for each aspect through paired comparison. Employees are
asked to compare each workload aspect with others to determine which is more dominant. This
comparison results in the assignment of weights to each aspect based on its influence on mental
workload.

Step 3: Rating the Mental Workload Aspects

Subsequently, employees rate each of the six aspects on a scale from 0-100, depending on the level
of mental demand they perceive for each aspect in their tasks. These ratings are subjective and reflect
personal experiences and perceptions related to mental workload.

Step 4: Calculating the Product Scores
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Each of the six dimensions is assigned a product score, which is calculated by multiplying the rating
by the weight assigned to each dimension. This results in a weighted score for each mental workload
aspect.

Product Score = Rating x Weight Factor

5. Step 5: Calculating the Weighted Workload (WWL)

After the product scores are calculated for all six aspects, the next step is to sum these product values
to obtain the total weighted workload (WWL). This total score represents the overall mental
workload perceived by the individual in their work.

WWL = ZProduct Scores

6. Step 6: Calculating the Average WWL Score
The next step is to compute the average score by dividing the total weighted workload (WWL) by
the total weight (usually summing to 15 for the six aspects). This average score allows for
comparisons between individuals or divisions regarding their mental workload.

WWL
Average WWL Score = 15

7. Step 7: Classifying Mental Workload
Based on the average score, the mental workload is classified into three categories:
e High: Scores above 80
e Moderate: Scores between 50 and 80
e Low: Scores below 50
This classification allows for the identification of the level of mental pressure experienced by
employees or individuals.
8. Step 8: Data Analysis and Interpretation
After the calculations are performed, the data is analyzed using statistical tests to ensure its validity,
such as uniformity tests, sufficiency tests, and normality tests. The final scores are then interpreted
to provide insights into the mental workload levels across different tasks or divisions.
9. Conclusion and Recommendations
Based on the analysis of the mental workload scores, improvements can be made in the work
environment or managerial practices to reduce excessive mental workload, which, in turn, can
enhance employee job satisfaction and productivity.

RESULTS AND DISCUSSION

Measurement of mental workload is a critical aspect in understanding the level of psychological
pressure experienced by workers, particularly in the telecommunications sector, which demands high
concentration and rapid decision-making. The NASA-TLX method was selected as the assessment tool
due to its ability to comprehensively evaluate workload through six dimensions relevant to both
cognitive and physical activities of workers. By involving 20 call center operators at PT XYZ Makassar
as respondents, this study aims to explore the perceived level of mental workload and to identify the key
contributing factors to that workload. The following section presents the results of the measurement and
analysis derived from the data collected using the NASA-TLX method.
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Table 2. NASA-TLX Measurement Results of Mental Workload on Call Center Operators at
PT XYZ Makassar

No Operator

MD PD TD OP EF FR
(WRP) (WRP) (WRP) (WRP) (WRP) (WRP)

© 00 N O Ol b W DN -

I N e T i el e =
O © o N Ul wWDNPREFR O

4,85,340 2,70,140 3,90,270 1,9595 4,88,352 1,60,60 1257 83.80 High

590,450 1,6565 2,80,160 2,85,170 3,78,234 2,75,150 1229 81.93 High

4,88,352 2,60,120 3,85,255 2,90,180 3,85,255 1,70,70 1232 82.13 High

590,450 2,70,140 3,85,255 1,9595 3,82,246 2,70,140 1326 88.40 High
3,75,225 4,80,320 3,85,255 2,90,180 3,85255 1,6565 1300 86.67 High
4,82,328 3,70,210 2,75,150 2,80,160 3,80,240 2,60,120 1208 80.53 High
3,75,225 3,70,210 3,80,240 2,85,170 3,82,246 2,60,120 1211 80.73 High
4,88,352 2,60,120 3,85,255 2,90,180 3,85,255 1,70,70 1232 82.13 High

590,450 1,6565 3,85255 2,90,180 3,85255 1,70,70 1270 84.67 High
3,75,225 3,70,210 3,80,240 2,85,170 3,82,246 2,60,120 1211 80.73 High
4,85,340 2,60,120 3,85,255 2,90,180 3,85,255 1,70,70 1232 82.13 High

4 »w VO v OoOZIrNe—IOTTMOO®D>

3,78,234 3,75,225 3,80,240 2,88,176 4,85,340 0,65,0 1215 81.00 High

The measurement of mental workload among telecommunication operators at PT XYZ
Makassar using the NASA-TLX method revealed significant variations in workload perception among
the respondents. Out of the 20 operators who participated in the study, the majority—12 individuals
(60%)—reported a high level of mental workload, as indicated by NASA-TLX scores exceeding 80.
This finding suggests that more than half of the operators experience considerable psychological
pressure while performing their duties.

The most dominant factors contributing to the high mental workload are Effort (EF) and Mental
Demand (MD). A high level of Effort indicates that operators must exert substantial cognitive and
physical energy to complete their tasks, which may involve intense concentration, rapid decision-
making, and sustained endurance in facing job-related challenges. Similarly, a high level of Mental
Demand reflects the complexity of cognitive processes required in the job, including information
processing, decision-making, and continuous vigilance toward various stimuli.

Other relevant dimensions, such as Temporal Demand (TD) and Own Performance (OP), also
significantly influence the perception of mental workload. Elevated Temporal Demand reflects time
pressure felt by the operators, who are often confronted with tight deadlines and the need to perform
tasks swiftly and accurately. This can increase stress and reduce overall work comfort. The contribution
of Own Performance implies an internal drive to meet high work standards, which—if unmet—may lead
to frustration or dissatisfaction. Conversely, Physical Demand (PD) presented relatively low weights
and scores, aligning with the nature of telecommunication operator tasks, which emphasize cognitive
rather than physical activity. This suggests that physical effort is not a primary determinant of perceived
mental workload among these operators.

The categorical analysis shows that in addition to the 12 operators categorized as experiencing
high mental workload, 6 operators (30%) fall into the moderate category, with scores ranging from 50
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3,75,225 4,70,280 3,90,270 1,8585 3,82,246 16565 1171 78.07 Moderate

3,82,246 3,60,180 2,88,176 2,80,160 3,84,252 2,68,136 1169 77.93 Moderate
4,85,340 1,65,65 3,90,270 2,90,180 3,80,240 1,60,60 1155 77.00 Moderate

3,80,240 3,70,210 2,85,170 2,80,160 3,80,240 2,65,130 1130 75.33 Moderate
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to 80. These individuals still face workload management challenges, though not at an extreme level.
Few to no operators were classified under the low workload category, indicating that almost all
personnel are subject to significant levels of mental burden.

These findings hold important implications for the management of PT XYZ Makassar.

Excessive mental workload poses risks such as reduced productivity, increased error rates, and long-
term psychological health issues, including chronic stress and burnout. Therefore, recommended
interventions include restructuring work schedules to alleviate time pressure, providing stress
management training, and enhancing psychosocial support for operators. Additionally, optimizing the
work environment and simplifying task processes can help reduce the effort required, thereby promoting
better workload management.
Overall, the use of the NASA-TLX method in this study has proven effective in identifying critical
dimensions that shape the mental workload of operators. The data gathered not only offer a quantitative
overview but also highlight specific aspects that warrant attention in order to improve the well-being
and performance of telecommunication operators at PT XYZ Makassar.

Figure 1. Average Product Score of Mental Workload Aspects Based on NASA-TLX"

((((( Average Scores of NASA-TLX Mental Workload Aspects

80
60

40

Average Score

20

o

MD PD EF FR

The graph illustrates the average composite scores for each NASA-TLX aspect across all
respondents. The study’s findings reveal that the Effort dimension ranks highest as the primary
contributor to mental workload. This suggests that operators are required to exert significant mental and
physical effort to complete their tasks effectively. Additionally, the Mental Demand and Temporal
Demand aspects exhibit relatively high average scores, reflecting the substantial cognitive activity
intensity and time pressure experienced by the operators. Conversely, the Physical Demand aspect
registers the lowest score, aligning with the nature of operator roles that emphasize cognitive over
physical tasks.

Figure 2. Distribution of Operator Mental Workload Categories

Mental Workload Category Distribution of Operators

Light (=50)

Moderate (50-80)

Heavy (>80)

The diagram above shows the overall distribution of mental workload. It presents the proportion
of operators falling into the heavy, moderate, and light categories. About 60% of operators fall into the
heavy category, indicating that more than half of the workforce experiences high levels of stress and
mental workload. 30% of operators are in the moderate category, facing pressure but relatively more
manageable. The remaining 10% experience light workload, meaning they are less likely to experience
significant mental pressure in performing their tasks.
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Figure 3. Mental Workload Score of Each Operator

Mental Workload Score of Each Operator

—e— Mental Workload Score
——- Heavy Category Threshold (80)
Moderate Category Threshold (50)

NASA-TLX Score
~
o

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Operator

The graph above shows the NASA-TLX scores for each operator individually. This graph
highlights the variation in mental workload scores among the operators, with clear threshold lines
indicating the heavy and moderate categories. The majority of operators have scores above 80, which is
the threshold for the heavy category. This suggests that high mental workload is not experienced by only
a few operators but is widespread across the organization. The differences in scores between operators
also indicate variations in subjective experiences, which may be influenced by differences in task types,
work environment, or individual personal conditions.

Overall, the measurement results and data visualization confirm that the mental workload of
operators at PT XYZ Makassar is quite high, with effort and mental demand as the main contributing
factors. These findings are crucial for management to consider for evaluation and intervention, such as
reorganizing work schedules, stress management training, and enhancing workplace support, to
safeguard employee well-being and improve organizational productivity.

Proposed Solutions for Improvement :

1. Restructuring Work Schedules and Task Allocation: one of the primary causes of high mental
workload is time pressure (Temporal Demand) and the need to complete tasks within a tight deadline.
Management should consider restructuring work schedules to introduce more flexible shifts, along
with ensuring adequate break times between shifts to help alleviate mental fatigue. Additionally,
ensuring a fair and structured task allocation can help reduce the undue pressure placed on some
operators.

2. Stress Management Training and Coping Skills: given the high stress levels experienced by many
operators, stress management and coping skills training should be implemented to help them manage
work-related pressure more effectively. Such training may include techniques such as breathing
exercises, mindfulness practices, or muscle relaxation to alleviate both physical and mental tension.
This training could be provided regularly to maintain operators' mental and physical health.

3. Enhancing Psychosocial Support and Employee Well-being Programs: strengthening psychosocial
support is critical to helping operators cope with the demands of the job. Employee well-being
programs that include psychological counseling, peer support sessions, or providing spaces for
operators to share experiences and feelings can help reduce stress and enhance emotional support.
Making mental health services easily accessible in the workplace could also be an effective step.

4. Leveraging Technology to Reduce Manual Workload: technology can be used to reduce manual
workload and assist in quick decision-making. For instance, implementing Artificial Intelligence (Al)
systems to handle routine queries, information retrieval, or repetitive tasks can reduce mental

ISEM d  http://dx.doi.org/10.30656/jisem.v3i2.49 73



http://dx.doi.org/10.30656/jisem.v3i2.49

Journal of Industrial System Engineering and Management Vol 3 No 2 December, 2024

pressure. This will allow operators to focus on more complex tasks that require specialized skills
without being burdened by tasks that can be automated.

5. Improving Performance Measurement Systems:

Performance evaluation systems should focus more on quality and work processes rather than just
guantitative outcomes. A performance-based system that recognizes and rewards operators for their
effort and accomplishments, even if some targets are not met directly, can reduce stress and enhance
job satisfaction, thus decreasing frustration or burnout.

6. Improving Communication and Feedback: improving communication between management and
operators is essential to ensure that operators feel heard and valued. Providing constructive feedback
and regular communication regarding challenges and solutions can help foster a supportive work
environment. Regular discussions about workload challenges and collaborative problem-solving can
further enhance the overall work environment.

7. Increasing Flexibility in Task Completion: allowing operators some flexibility in how they complete
tasks could help alleviate stress. For instance, giving operators the option to choose their approach
to customer interactions or providing alternatives for task completion could empower them and
reduce pressure. This would offer operators more control over their work, which could improve both
performance and mental well-being.

8. Enhancing the Work Environment: providing a comfortable and supportive work environment, such
as better lighting, noise control, and ergonomic spaces, can reduce unnecessary physical workload.
A more supportive and comfortable environment can improve operators’ comfort and productivity,
thus reducing mental and physical strain.

9. Increasing Recognition and Appreciation: acknowledging and rewarding operators for their efforts
and achievements can serve as additional motivation. Recognition through public acknowledgment,
incentives, or career development opportunities can increase job satisfaction and reduce feelings of
burnout or frustration caused by high workload.

By implementing these solutions, PT XYZ Makassar can create a healthier and more productive work
environment, improving the well-being of operators and boosting organizational performance. These
interventions are designed to reduce excessive mental workload and provide the necessary support for
operators to work more effectively and comfortably.

CONCLUSION

This study aims to measure the mental workload of call center operators at PT XYZ Makassar
using the NASA-TLX method. The focus is on evaluating workload across six dimensions: mental
demand, physical demand, temporal demand, performance, effort, and frustration. The study also
explores the relationship between these dimensions and workplace conditions. A mixed-methods
approach was employed, combining quantitative NASA-TLX data with qualitative insights from semi-
structured interviews. Data from 20 call center operators were analyzed to assess their perceived mental
workload.

The results showed that 60% of operators experienced a high mental workload. The dominant
contributing factors were mental demand and effort, suggesting that operators face significant cognitive
and physical challenges in their roles. Temporal demand and own performance also impacted mental
workload. Physical demand had the least influence. These findings underline the importance of
workload management, as high mental workload leads to stress, reduced job satisfaction, and decreased
productivity. Practical recommendations include task restructuring, stress management training, and
enhancing psychosocial support for operators.

The study's limitations include a small sample size and a focus on a single company, which may
affect the generalizability of the findings. Future research could explore larger and more diverse
populations and assess the long-term effects of mental workload on health and performance across
various industries.
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