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Abstract

This research is a case study at PT Surya Toto Indonesia, a company engaged in the production of sanitary goods. Lot
of activities in this company are done manually. The ages of the workers in assembling section range from 19 to 48
years old. The purpose of this study is to determine the relationship between the age of workers and the mental
workload of workers in assembling difficult type products. This cross-sectional study was conducted in 2019 on 73
workers who participated in this study by filling out a NASA-TLX mental workload questionnaire. The results showed
that assembling difficult type products had a high mental workload and mental workload of the middle age group is
7.5% higher than the young group. An analysis of the 6 NASA-TLX dimensions showed that effort was the mental
load that most affected in both age groups due to monotonous work, high concentration levels, and musculoskeletal
symptoms as a result of repetitive work. ANOVA showed that there was no effect ofage on the 6 dimensions of mental
workload of the assembling workers. The main source of mental burden for workers in assembling products is the
behavior characteristic.
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1. Introduction

Mental workload is a condition that could have a negative impact on the overall health of workers. Mental load is
usually higher in jobs that involve cognitive processing, information processing and affective aspects such as tasks
requiring high mental concentration, attention, memory, coordination, decision making or self-control. Mental load
depends on the quantity and quality of information, and will increase with the complexity of the information. On the
other hand, mental load can also increase in repetitive, monotonous and very alert work, where these workers can
result in a state of saturation, drowsiness and decreased reaction capacity. Repetitive, monotonous and very vigilant
work conditions are encountered in assembly work, especially in assembled products with various components and
assembled components consisting of various types of products.

PT Surya Toto Indonesia is an Indonesian company engaged in the production of sanitary goods, toilets, plumbing,
washbasins, showers, accessories and so on. This company still uses a lot of human labors, especially in assembling.
The actual assembly process is highly influenced by human factors and removing the human aspect of assembly
planning can lead to inefficient operations. Disregarding human aspect in assembly planning could result in incorrect
or inefficient operations (Wei Gao, 2016). Assembling plant in PT. Surya Toto Indonesia is divided into 3 groups.
Group | assembling the product with the easy type, where a maximum of 20 parts are assembled. Group 2 assembling
products with medium type, where the parts assembled are 21-60 pieces. While group 3 assembled products with
difficult types, where the parts assembled were 61-100 components. Products included in group 3 among others are
bath spout, mixing valve, flush valve, thermostat, lavatory, floor standing, and global faucet products. For each product
to be assembled, workers must memorize each part to be assembled according to the type of products to be produced.
Group 3 workload is certainly higher than groups either 1 or 2, where a higher mental workload in this case is
associated with more information processed per unit time (Klemmer, 1969). Therefore, the level of information
processed per unit time during assembling process affects mental workload of the assembling worker. In addition,
the components assembled in group 3 are prone to defects and require a longer inspection time. Workers in difficult
type assembly consist of young and adult ages. Although the current literature shows that the brmain's
compensatory mechanism can fight cognitive decline due to aging at least to a certain level of task load, some
symptoms of fatigue felt by adult assembling workers indicate workers experiencing mental workload.
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Mental workload is a term that describes the amount of mental effort required to carry out work to meet specified
requirements (Hart & Wickens, 1990; Wickens, 1992). Mental workload is very important factor in the work system
because overloading mental work can result in decreased performance, increased errors (Johnson & Widyanti, 2011),
and can even lead to health problems such as stress (Greenglass, 2003; Cinaz et al., 2013). Excessive mental workload
can also lead to memory impairments and irritability (Young G, 2008). Therefore, it is necessary to conduct an
assessment and evaluation of mental workload (Jo, Myung, & Yoon, 2012), especially in monotonous and boring
work, because mental load is correlated with boredom (Johnson & Widyanti, 2011). Measuring mental load is very
important in order to prevent individuals from experiencing overload while working, which aims to ensure workers
have safety, health, comfort while working (Rubio S, 2004).

Mental workload assessment can be carried out based on performance, either objective or subjective methods
(Widyanti et. al, 2019). Performance-based assessments can be measured by accuracy and reaction time. An objective
assessment method can be carried out through a physiological index, but this method requires special skills and
operational experience. On the other hand, subjective methods are cheaper and easier to manage, although they cannot
provide accurate reports and require large numbers of samples (Lean & Shan, 2012). The most widely used subjective
assessment methods are the subjective workload assessment technique (SWAT) and National Aeronautics and Space
Administration Task Load Index (NASA-TLX) (Dey & Mann, 2010). In this research, the NASA-TLX method was
used due to its practicality and the suitability of mental workload measurements for assembling workers.

Various studies to measure mental workload have been conducted using the NASA-TLX questionnaire, including to
see the effect of age on mental workload. Workers who are over 30 years of age are at risk of experiencing a higher
mental workload (Lopez-Lopez, 2018). Research on textile workers shows that the most important factor affecting
work ability is age, where the decline in work ability drops sharply after the age of 40 (Safari, 2013). Research
conducted on university employees in the Netherlands shows that the effect of age is evident in the actions and
reactions of employees (Bos, Judith T, 2013). Although various studies to see the effect of age on mental workload
have been carried out, research on the effect of age on mental workload of workers in assembling difficult type
products is still very limited. In fact, many assembling parts are found on the production floor. That is why this research
was conducted. This study aims to determine the mental workload workers in assembling difficult type of products
associated with age.

2. Literature Review

The NASA-TLX method is a method used to analyze the mental workload faced by workers who have to perform
various activities in their work. NASA-TLX is a multi-dimensional, subjective workload assessment tool (Hart SG,
Staveland LE, 1988), which assigns a total workload score based on a weighted average of six subscales: mental
demand, physical demand, temporal demand, performance, effort, and frustration (Stanton NA, 2004). Measurement
of the NASA-TLX method is divided into two stages, namely the comparison of each scale (paired comparison) and
assigning a value to the job (event scoring).

This study measures the mental workload of workers in difficult assembling type using the NASA-TLX questionnaire.
The description of the NASA-TLX dimensions used in this study is shown in Table 1.

Table 1. Description of NASA-TLX dimension (Christopher, 2019)

Characteristics Scale Description
Task Mental demands | How much mental activity and perception are needed to see,
(MD) remember and seek at work? Does the job require accuracy or not?

Physical demands | Indoing a job, whether the task requires fast or slow motion, tiring or
(PD) not.

Temporal demands | How much time pressure is felt during working? Whether the work
(TD) can be done in a relaxed manner or should be done fast and tiring
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Behavior Own performance | What is the success rate they have in carrying out their work and how
(OP) satistied are they with the results of their work?
Effort How much effort it takes to get the job done
(EF)

Individual Frustation What 1s the level of security, feelings of annoyance compared to
(FR) feelings of security and relaxation while working.

The six subscales of the NASA-TLX questionnaire can be divided into three groups, namely: 1) task characteristics,
consisting of: mental, physical, and time demands; 2) behavior characteristics, consisting of: performance and effort;
and 3) individual characteristics: frustration.

3. Methods

Data collection was carried out by distributing questionnaires to operators working in assembling. Assembling
workers work each day in rolling according to work schedules. Respondents consisted of 32 young employees (m =
24.3 £+ 0.7 years) and 41 employees aged adults (m = 31.0 £ 5.5 years). All of the respondents were male. The
conditions of the assembling workers can be seen in Figure 1.

Figure 1. Assembling

Respondents were grouped based on age, referring to research conducted by Mickaél Caussel (2019), but adjusted to
the conditions of workers in Indonesia. Workers are divided into 3 age groups, namely: young (19-25 years), adults
(26—48), and old (49-64) as in Table 2. Respondents were randomly selected as many as 75 out of 90 workers. There
are 73 valid questionnaires.

Table 2. Age group of the respondents

No. | Age Group No. of Respondents Percentage

1 Young (19-25 years) 32 43.8%

2 Middle Aged (26-48 years) 41 56.2%

3 Older (49-64 years) 0 0
Total 73 100%

In the first stage, respondents are asked to choose one of the two indicators they felt more dominant in causing mental
workload to the job. The questionnaire consisted of 15 pairwise comparisons. From this questionnaire, the number of
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tallies from the most nfluential indicator was calculated. Then, the number of tally will the weight for each indicator
of mental workload. The next stage is grading, where the assembling workers are asked to rate the workload they felt
with a value from 1 to 100 for each workload according to the age group. The value of the workload is obtained from
the multiplication of weight and rating in the two age groups. Furthermore, the Weighted Workload (WWL)
calculation and the final score from NASA-TLX are carried out, namely multiplying the rating value by the weight
according to the contents of the questionnaire that has been filled in by the assembling worker.

4. Data Collection and Processing
4.1. Data Collection

The results of the NASA-TLX questionnaire from 73 respondents can be seen in Figure 2.

Mental workload of assembly worker
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60,0 50,1 51,8
g 0 =2 32,9
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Figure 2. Mental workload of assembly workers

The mean and standard deviation of mental workload of assembly workers measured using NASATLX is 76.08 (SD
= 12.66) out of 100. Figure 1 shows the dimension that most influences the amount of mental workload on assembling
workers, is effort with a score of 63.3 (21.10%), followed by temporal demand with a score of 58.6 (19.54%).

4.2. Determine the Value

The next stage is to determine the value from multiplication of weight and rating in the two age groups. The
comparison of NASA TLX dimension values by age group is as shown below.
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Figure 3. Comparison the value between age groups in NASA TLX dimension

Figure 3 shows how NASA-TLX represents a dimension of mental workload across different age groups. The results

are as follows:

"o ao o

The value of mental demand (MD) in middle age was 23% higher than that of young people.

The value of the physical demand (PD) dimension at a young age is 10% higher than that of adults.

The value of the temporal demand (TD) dimension in middle age was 1.8% higher than that of young people
The value of the performance dimension (OP) in middle age was 4.7% higher than that of young people
The value of the effort dimension (EF) in middle age was 9.7% higher than that of adults.

The value of the frustration level (FR) dimension in middle age was 32.3% higher than that of young people.

In general, it can be stated that the highest NASA-TLX scores in both age groups are: effort dimension and temporal
demand. Middle age group workers have an average mental workload dimensions of physical demand, mental demand,
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temporal demand, effort, frustration level is 7.5% higher than those of younger age group. From the comparison of
the mental workload for both age groups, it can be seen that the frustration dimension has the highest percentage
difference between the two groups, which is 32.3%. This shows that the frustration in middle age is 32.3% higher than
that of young people. However, although the adult frustration rate was higher, the adult performance dimension was
also 4.7% higher than the younger age. From all dimensions, only the physical demand of young people is higher than
adults.

4. 3. Weighted Workload (WWL) Calculations

The WWL calculation and the final score from NASA-TLX are obtained by multiplying the rating value by the weight
according to the contents of the questionnaire that has been filled in by the assembling worker. The mean and standard
deviation of mental workload for young employees was 74.3 (SD = 18.0). The mean and standard deviation of mental
workload for middle age employees was 79.9 (SD = 14.7). The values for WWL can be seen in Figure 4.

WWL
80
o 8
& 76
72
70
Young Middle

Age Category

Figure 4. Weighted workload

In Figure 4, it is known that the average WWL of the adult age group is 7.5% higher than that of the young age group.
The workload assessment category consists of five levels, namely: low mental workload on a scale of 0-9, moderate
mental workload on a scale of 10-29, mental workload is rather high 30-49, mental workload is high 50-79 and mental
workload. very high on the 80-100 scale. Thus, it can be seen that the average workload of assembling workers lies in
the high category of workload.

ANOVA analysis was then performed to identify whether there are significant differences in mental workload based
on age group, and also there are significant differences in all NASA-TLX dimensions. ANOVA results show the sig.
0.795 is greater than 0.05 and calculated F which is 0.475 is less than F Table which is 2.236. Thus it can be stated
that there is no influence of age on the 6 dimensions of mental workload of workers who work to assemble components
with a high level of difficulty. ANOVA also revealed that there was no influence of the age of the workers on all
dimensions of the NASA-TLX dimensions. This can be seen from all the ANOVA test results which show a
significance value is greater than 0.05, where mental demand (F = 2.885, p 0.094> 0.05, MSE = 5206,646), physical
demand (PD) (F = 0.627, p 0.431> 0.05, MSE = MSE 8903,160), temporal demand (TD) (F = 0.17, p 0.898= 0.05,
MSE = 12724,956), frustration Level (FR) (F = 0.893, p 0.348> 0.05, MSE = 20018,815), effort (EF) (F = 0.644, p
0.425> 0.05, MSE = 16565,131), and performance (OP) (F = 0.095, p 0.759> 0.05, MSE = 19537,538).

5. Results and Discussion

From the research it is difficult to associate mental workload with age in assembling process even for difficult type of
products. The results showed that the average mental workload measured using NASA-TLX was 76.08 (SD = 12.66)
with a scale of 100. This score indicates that the mental workload of workers in assembling process for difficult type
of products is high. This result is not surprising, because it is in line with Klemmer's research, Muller (1969) who
stated that mental work is higher when more information is processed per unit time.

The results also showed that there was no significant difference in mental workload based on worker age, as well as
no significant differences across all NASA-TLX dimensions. This suggests that age does not affect the mental
workload of workers assembling difficult type products. Mental workload involves three characteristics, namely task,
behavior and individual, where in this study it shows that the source of mental workload for workers in assembling
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difficult type products is mainly behavioral characteristics. Thus the demands for behavior play more important role
in the mental workload of workers assembling difficult type products than the demands of tasks and ndividuals. This
can be seen from the high dimension of effort required to complete the work, because the work is monotonous and
tedious. This is in line with the research of Johnson & Widyanti (2011) which states that mental load correlates with
boredom. When working conditions are better designed and less boring, there is less effort. This is in line with the
research of Mathis & Jackson (2006), which states that employee effort at work is influenced, among other things, by
job design.

This study has several limitations. First, because the sample of assembling workers is limited to one firm, the
generalizability of the findings is limited. Second, the study participants were limited to difficult type of product
assembling workers, regardless of working period and shift. Further research that pays attention to years of work and
shifts can certainly enrich the results and analysis of the research. The results of this study are useful to provide an
overview of the mental workload of difficult type assembling workers, which are commonly found on the production
floor. By knowing the dimensions of mental workload that are the most influential at work, individual overload can
be prevented while working (Rubio S, 2004). This aims to ensure workers have safety and comfort while working so
that productivity increases.

6. Conclusion

The work of assembling a difficult type of product is classified as risky work because it includes a high mental
workload and mental workload of the middle age group is 7.5% higher than the young group. The most influential
dimensions of mental workload are effort, which is caused by monotonous work, high concentration levels, and
musculoskeletal symptoms due to repetitive work. In order to reduce employee effort at work, it is necessary to design
an ergonomic job. While the characteristics that affect the mental load of difficult type assembling workers are mainly
behavior. High mental load will certainly affect the behavior of workers where there are demands for time at work, so
that it has the opportunity to increase errors and cause stress (frustration). Increased frustration results in decreased
assembling worker performance. This is in line with Zhang (2019) research which states that high mental workload
can increase the likelihood of operational errors and accidents. Therefore, further research to explore this matter will
be very useful, especially in the context of years of work and work shifts which of course affect mental workload and
worker productivity. The results also showed that there was no significant difference in mental workload based on
worker age, as well as no significant differences across all NASA-TLX dimensions. This suggests that age does not
affect the mental workload of workers assembling difficult type products.
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