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ABSTRACT

The purpose of this research is to study the impact of workload and work-rest
on the mental fatigue since the cognitive work such as inspection, welding and many
more where it required very attention visual and induced the mental fatigue. This
research was conducted through the design of experiment with the two levels and
two factors and 7 workers in welding activity were involved in this experiment. Time
reaction has being used as response variable in the experiment and the data were
analyzed with Two-way ANOVA to identify the significant impact of the factors on
the mental fatigue as well as the significant interaction from that both factors. The
best setting for positive impact on mental fatigue was developed through the
interaction plot. Paired T-test and regression test also has been used in this
experiment for verification and validation. Two-way ANOVA test has been showed
that both factor workload and work-rest gave significant impact to the mental fatigue
and this both factor also have a strong relationship and interaction that can
influencing the level of mental fatigue. The interaction plot also showed that the best
setting to reduce the level of mental fatigue is with the run order from light workload
versus short and frequent work-rest. The result from the verification and validation

proved that this experiment was valid and can be used for future research.



ABSTRAK

Tujuan utama penyelidikan ini adalah untuk mengkaji kesan bebanan kerja
dan waktu rehat terhadap keletihan mental semenjak permintaan kerja-kerja kognitif
didalam dunia industry.seperti pemeriksaan bahan kecil, kimpalan dan banyak lagi
dimana kerja-kerja ini memerlukan tumpuan yang tinggi dan boleh menyebabkan
keletihan mental. Kajian ini menggunakan pendekatan eksperimen “Design Of
Experiment (DOE) dengan dua level dan dua faktor. Seramai 7 orang pekerja
kimpalan terlibat didalam eksperimen ini. Masa tindak balas telah diguanakn sebagai
pemboleh ubah yang bergerak balas.dan data yang telah diperolehi di analisa
menggunakan “Two-way ANOVA” untuk mengenal pasti jenis faktor yang ketara
dan juga hubungkait yang ketara dalam memberikan impak kepada terhasilnya
keletthan minda manakal “regression” dan “paired T-test” digunakan untuk
pengesahan eksperimen “Two-way ANOVA telah menunjukkan bahawa kedua-dua
faktor adalah faktor yang ketara dalam penghasilan keletihan minda dan begitu juga
dengan hubungkait yang juga memberikan impak ketara. Melalui enteraksi plot,
eksperimen ini memperolehi tetapan yang terbaik untuk mengurangkan keletihan
minda iaitu melalui tetapan kerja berat dengan rehat sekejap dan berkala. Selepas itu,
melalui “regression” dan “paired T-test” eksperimen ini didapati betul dan tepat. Ini
membolehkan pengkaji yang lain menggunakan tetapan eksperimen ini untuk kajian
masa hadapan.
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CHAPTER 1

INTRODUCTION

1.1 Introduction

Chapter one will consist of general background of this study which is
problem statement, objective as a research’s goal, research scope and some limitation
during the research. Basically, this chapter consist of several sections which are
introduction, background of study, problem statement, objective, scope, and

significant of study that will assist this research to achieve goal.

1.2 Background of Problem

Ergonomic is one of the approaches where the safety can be improved
properly and successfully. Basically, ergonomic is the design of workplace where it
designed to fit the human body through engineering control and administrative
control. Both engineering and administrative control are very important to make sure
that the ergonomic approach will give the significant to the employee and
organization. Sometimes, simple improvement by ergonomic approach will give big
impact on the safety and quality in the organization but not all the employer willing
to invest their money for ergonomic and poor ergonomic will lead to fatigue to
employee thus can impairs their performance hence at the end the company will

produce a very bad quality of product and worker.



In this new era of industrial globalization, manufacturing industry entire
world greatly shows the growth of product demanding make the manufacturer
pushed their production to produce mass of product in order to achieve the demand.
This scenario indirectly helps people to have the opportunities of employment and
the development of jobs and careers. Despite, this growth of manufacturing industry
will give the big chance of poor ergonomic problem at workplace that lead to
accident and death thus can reduce the quality level of product and employee

performance.

Poor ergonomic management also makes the employee will experience
fatigue and stress and coupled with given task or work load beyond their capability
and capacity thus lead to the poor of performance and produced the poor quality of
product and this situation can make the organization experience in the stress
condition and make their business become worth. Workers who are working on a
demanding task for a prolonged period of time will often experience in fatigue on
both mental and physical. Fatigue is an unpleasant condition where the worker will
lead to injury and death. According to Chompu-Inwai (2010) who studied the impact
of work-rest period on mental fatigue in inspection task with microscope, fatigue can
be classified into two categories, physical and mental. Physical fatigue causes painful
stiffness on abdominal muscles and mental fatigue causes dimness, tiredness and

laziness.

Many companies in industry try to reduce and eliminate the accident by
promoting the zero accident and loss time injury but their approach toward the safety
improvement seem too slow and no improvement. They just encourage the employee
to being safety but no safety actions have been taken by employer. In order to
overcome this problem, the organization needs to improve their working place and
system hence can reduce the worker stress and fatigue. There are many approaches
that can be implemented to reduce fatigue and stress and one of them is through
ergonomic improvement approach. Successfully ergonomic improvement
implementation will ensure that all the fatigue problem through physical and mental
can be reduce and it make the employee work in conducive and comfortable

condition. It is because the ergonomic approach paid all the aspect regarding to the



demand of human body through the engineering and administrative control. Lee
(2005) stated that ergonomics is about promoting compatibility between humans and
systems and Fernandez (1995) found that ergonomics is the design of workplace,
equipment, machine, tools, product, environment and system, taking into
consideration the human’s physical, physiological, biomechanical, and psychological
capabilities and optimizing the effectiveness and productivity of work systems while
assuring the safety, health and wellbeing of the workers. In general, the aim in

ergonomics is to fit the task to the individual, not individual to task.

Employer need to realise how important the ergonomic improvement for their
organization in order to sustain their business and improve the productivity so can
meet the customer demand without give any harmful to their employee that cause
from fatigue. Imagine that the employer can achieve their target based on quantity
but not consider about ergonomic issues, their achievement may be able to stand
only for a short period of time and for the long time period they will face with many
problems related to their worker’s fatigue that will affect the health of the worker
thus can impairs quality products of company. Fatigue can makes worker stress, feel
uncomfortable, slow reaction time and sleepiness and this effect will impairs their
performance According to Gutnick (2007), a study by The National Safety
Councilestablished that on an average workday, one million employees will be
absent from work due to job stress. Working environment is very important in order
to reduce worker’s fatigue that will improve their performance Taiwo (2009)
stressed that about 86% of productivity problems reside in the work environment of
organization and previous studies also found that an employee’s workplace
environment is a key determinant of their level of performance. Kingsley (2012)
claims that poor workplace environment influences employees health and safety,
error rate, level of innovation, collaboration with other employee, absenteeism, and

ultimately how long they stay in the job.

Actually, good working environment is not only focus on providing clean
workplace, natural light and colour, good communication, reward culture and etc.
Provide an adequate rest for the worker also is a one of good environment in the

workplace that can reduce fatigue. Konz (1998) found that, one of the main reasons



that people become fatigued is insufficient rest. Proctor et al. (1996) conducted a
study on automotive workers and found evidence to support a link between the
number of consecutive days worked and the number of overtime hours worked and
increased feelings of depression, fatigue and confusion. B. Johanna and W. Joanne
(2003) in their research suggested that there is an association between working long
hours and fatigue. Working long hour mean that there are inadequate rest in their

work, thus it is very important for employer to provide a very adequate work rest.

1.3 Problem Statement

Manufacturing industry has generated a large amount of production in order
to cope with the high global demand and competition. This situation make the
employer tend to push their employee to work harder than usual without consider
their working system and environment that will effects their employee’s fatigue thus
impact the safety and health. However, many of researchers just study on physical
fatigue and not on mental fatigue that also can affect the employee’s health and

safety.

Welding activity for example is one of the jobs that require attention in every
steps and very cognitively demanding tasks thus it is very need a study about mental
fatigue. Linden et al. (2003) stated that when people are working on a cognitively
demanding task for a prolonged period of time, they will often experience mental or
cognitive fatigue, reflected in deteriorated task performance and reduce motivation to
continue to work on the task at hand. While Lorist et al. (2012) claimed that fatigue
from prolonged mental work has been found to impair performance in a variety of

cognitive tasks.

Marcora et al. (2008) found that mental fatigue impaired physical
performance in humans.Baker et al. (1994) stated that in industry, many incidents
and accident have been related to mental fatigue as the result of sustained

performance, So that to prevent any incident and accident cause from mental fatigue,



there are need to study about the best work-rest schedule in order to avoid the

prolonged period of time in cognitive task.

There is not much study on the impact of work rest schedule on mental
fatigue by previous researcher especially in Malaysia. There are only one paper that
has been study this issue; there are Inwai (2010). They have been studied about
impact of work-rest period on mental fatigue in inspection task with microscope, the
case study of hard disk drive component manufacturing company but they do not
concern on the level of workload. However, there are a lot of researcher was studied
on the impact of work-rest schedule on VID user such as Asfour (1987) that
suggested a 30-minute break after 3 2 hours of VDT work, Floruef al. (1985) who
have found that 40-minute work followed by a 5-minute break will eliminate the
performance decrements. Boucsein and Thum (1995) recommended that users should
take a 7.5-minute rest break after 50 minutes of VDT work until noon and a 15-
minute break after 100 minutes of work in the afternoon, Kopardekar and Mital
(1994) propose of 60-minutes work period followed by a 10-minute break schedule.
There are so many studies about the work rest in generally but the impact of work-

rest schedule on mental fatigue remains largely unknown.

Manufacturing industry in Malaysia have been growths rapidly as global
demand in this industry are getting higher every day, so there a lot of products have
been produced and required welding activity especially on the metal product makes
the workers having a high workload every day and this give the chance for them
experienced in mental fatigue that impairs the employee’s performance and
eventually produce a bad quality of product. Until this day, there are no studies on
mental fatigue in cognitive activity especially for welding activity and how to
encounter this issue. Hence, the aim of this research is to provide a best work-rest

schedule for welding activity in order to reduce mental fatigue.



1.4  Research Objective

The objective will simplify the researcher to achieve the project’s goal and as
project guidance whether it specify, measurable, attainable, reliable and tangible or

not. The objectives of this research were:

1) To identify the impact of work-rest schedule and cognitive work load of
welding activity on mental fatigue.
2) To develop the relationship between type of workload and work-rest.

3) To validate the experiment.

1.5  Research Scope

The research scope in this study may be listed as below:

1) The research will focus on specific cognitive task only. (welding activity)

2) The experimental will be carried out by design of experiment of two levels at oil
and Gas Company.

3) Psychomotor test of simple reaction time will be tested on subject in the
experiment to measure the level of mental fatigue.

4) Focus on mental fatigue by attention.



1.6 Significant of The Research

This research may be able to provide a guideline of proper type of work-rest in
order to reduce mental fatigue based on type of cognitive work load for electric and
electronic industry so that their employee performance can be improve thus can
increase their productivity. Furthermore, this approach is very low cost because they
just need to reset up their work-rest schedule in order to get the high performance of

their worker.

1.7 Expected Outcome

At the end of this research, the researcher expected that the short and frequent
work-rest schedule may reduce the mental fatigue in whatever type of cognitive work

load.



69

REFERENCES

Asfour, (1987), Strategies for the design of work day for users of VDT’s,
Unpublished PhD dissertation, University of Miami, USA.

Balci and Aghazadeh (2003), The Effect of Work-rest Schedules And Type of Task
on The Discomfort and Performance of VDT Users, Ergonomics, 46:5, 455 -
465.

Birgitta Johansson and Lars Ronnback (2012), Mental Fatigue;A Common Long
Term Consequence After a Brain Injury.

Bellis, (1933), Reaction time and chronological age. Proceedings of the Society for
Experimental Biology and Medicine 30: 801.

Boucsein and Thum (1995), Recovery from strain under different work-rest
schedules, Proceedings of the Human Factors and Ergonomics Society 39th
Annual Meeting (Santa Monica, CA: Human Factors and Ergonomics
Society)785 — 788.

Beckers, D. G. J., Linden, D. Van Der, Smulders, P. G. W., Kompier, M. A. J.,
Veldhoven, M. J. P. M. Van, and Yperen, N. W. Van. (1807). Working
Overtime Hours : Relations with Fatigue , Work Motivation , and the Quality
of Work, 1282—1289.

Boksem, M. A. S., Meijman, T. F., and Lorist, M. M. (2005). Effects of mental
fatigue on attention : An ERP study, 25, 107-116.

Chen, L. L., Sugi, T., Shirakawa, S., Zou, J. Z., Nakamura, M., & Subjects, A.
(2008.). Comfortable Environments for Mental Work By Suitable Work-rest
schedule : Mental Fatigue and Relaxation.

Chompu-inwai, R., and Yajom, K. (2010). Impact of Work-Rest Period on Mental
Fatigue in Inspection Task with Microscope : Case Study of Hard Disk Drive
Component Manufacturing Company, //1.

Cheatham, S. B. Roberts, S. K. Das, C. H. Gilhooly, J. K. Golden, R. Hyatt, D.
Lerner, E. Saltzman, and H. R. Lieberman (2009), Long-term effects of



70

provided low and high-glycemic-load low-energy diets on mood and cognition.
Physiology and Behavior 98(3): 374-379.

Der and Deary (2006), Age and sex differences in reaction time in adulthood: Results
from the United Kingdom health and lifestyle survey. Psychology and Aging
21(1): 62-73.

Durlach, R. Edmunds, L. Howard and S. P. Tipper (2002),A rapid effect of
daffeinated beverages on two choice reaction time tasks. Nutritional
Neuroscience 5(6): 433-442.

Dawson, D and Fletcher, A. (2001). A quantitative model of work-related fatigue:
Background and definition. Ergonomics, 44(2), 144-163.

D. F. Dinges. An overview of sleepiness and accidents. J Sleep Res, 4(S2):4—1.

Faber, G., Maurits, N. M., & Lorist, M. M. (2012). Mental Fatigue Affects Visual
Selective Attention, 7(10), 1-10.

Floru, Cail and Elias, (1985), Psychophysical changes during a VDU repetitive task,
Ergonomics, 28, 1455 — 1468.

Finkelman, J. (1994). A large database study of the factors associated with work-
induced fatigue. Human Factors, 36(2), 232-243.

Grandjean, E. (1979). Fatigue in industry, 175-186.

Gutierrez, M. Gonzalez-Gross, M. Delgado, and M. J. Castillo (2001), Three days
fast in sportsmen decrease physical work capacity but not strength or
perception-reaction time. International Journal of Sport Nutrition and Exercise
Metabolism 11(4): 420.

Gao, Lu, She, Cai, Yang and Zhang (1990), The effects of VDT data entry work on
operators, Ergonomics, 33, 917 — 924.

Henning , Jacques, Kissel , Sullivan and Alteras Webb (1997), Frequent short rest
breaks from computer work: effects on productivity and well-being at two field
sites, Ergonomics, 40, 78 — 91.

Hill, S. G., lavecchia, H. P., Byers, J. C., Bittner, A. C., Zaklad,A. L., and Christ, R.
E. (1992). Comparison of four subjective work- load rating scales. Human
Factors, 34, 429-439.

Kopardekar and Mital (1994), The effect of different work-rest schedules on fatigue
and performance of a simulated directory assistance operator’s task,

Ergonomics, 37, 1697 — 1707.



71

Konz S. (1998), Work/rest: Part I — Guidelines for the practitioner, International
Journal of Industrial Ergonomics, 22: 67-71.

Langner, Steinborn, Chatterjee, A., Sturm, W., and Willmes, K. (2010). Acta
Psychologica Mental fatigue and temporal preparation in simple reaction-time
performance, 733, 64-72.

Lee, K. S. (2015). Ergonomics in total quality management: How can we sell
ergonomics to management ? Ergonomics in total quality management : How
can we sell ergonomics to management?.

Linden, D. Van Der, Frese, M., and Meijman, (2003). Mental fatigue and the control
of cognitive processes : effects on perseveration and planning, 7173, 45-65.
Lorist, M. M., Klein, M., and Nieuwenhuis, S. (2000). Mental fatigue and task

control : Planning and preparation, 614—625.

Luchies, J. Schiffman, L. Richards, M. R. Thompson, D. Bazuin, and J. DeYoung.
(2002), Effects of age, step direction, and reaction condition on the ability to
step quickly. The Journals of Gerontology, Series A 57(4): M246.

Linder (2001), The effect of caffeine consumption on reaction time. Bulletin of the
South Carolina Academy of Science, Annual 2001: 42.

L. R. Hartley, P. K. Arnold, G. Smythe, and J. Hansen. Indicators of fatigue in truck
drivers. Applied Ergonomics, 25(3):143—156, 1994.

Luce, R. (1986). Response times. New York: Oxford University Press.

MacDonald, S., Nyberg, L., Sandblom, J., Fischer, H., & Backman, L. (2008).
Increased response- time variability is associated with reduced inferior parietal
activation during episodic recogni- tion in aging. Journal of Cognitive
Neuroscience, 20(5), 779-787.

Marcora, S. M., Staiano, W., Manning, V., Thom, N. J., Johnson, D. C., Flagan, T.,

. Manning, V. (2015). Mental fatigue impairs physical performance in
humans Mental fatigue impairs physical performance in humans, (2009), 857—
864.

Nussbaum, M. A., Babski-reeves, K. L., Kleiner, B. M., Smith-jackson, T. L., and
Barker, L. M. (2009). Measuring and modeling the effects of fatigue on
performance : Specific application to the nursing profession

Noble, L. Baker, and T. A. Jones, (1964) Age and sex parameters in psychomotor
learning. Perceptual and Motor Skills 19: 935-945.



72

Proctor SP, White RF and Robins TG (1996), The effect of overtime work on
cognitive function in automotive workers. Scand J Work Environment Health,
22:124-32.

Robert J. Kosinski (2005). A Literature Review on Reaction Time.

R. Harald Baayen and PetarMilin (2010), Analyzing Reaction Times.

Welford, A. (1977). Motor performance. In J. Birren and K. Schaie (Eds.), Handbook
of the psychology of aging, 450—496.

Silverman (2006), Sex differences in simple visual reaction time: a historical meta-
analysis (sports events). Sex Roles: A Journal of Research 54(1-2): 57-69
Singleton, (1953), Deterioration of performance on a short-term perceptual-motor
task. In W. F. Floyd and A. T. Welford (Eds.), Symposium on Fatigue. H. K.

Lewis and Co., London, pp. 163-172.

Sabzi, A. H. (2012). The Effect of Different Fatigue Protocols on Choice Reaction
Time, 1092—-1096.

Singal, R. (2015). Variations of Mental Fatigue on Inspectors in Automobile Industry
During Evening Shift-A Case study of Maruti Suzuki India Limited , Gurgaon,
5(4),429-435.

Smolders and Kort (2012). Bright Light Effects on Mental Fatigue, 1-4.

Sternberg, S. (2010). Reaction-Time Experimentation, 1-17.

Taylor, P., Balci, R., and Aghazadeh, F. (2010). The effect of work-rest schedules
and type of task on the discomfort and performance of VDT users, ( 2015), 37—
41.

Thompson (1990), Effect of exercise breaks on musculoskeletal strain among data-
entry operators: a case study, in S. Santer, M. J. Dainoff and M. J. Smith (eds)
Promoting Health and Productivity in the Computerized Office (London:
Taylor and Francis)118 — 127.

Uetake, A. (2000). Assessment of Mental Fatigue during VDT Task using Event-
related Potential ( P300 ), 235-240.

Vann Dieen and Vrielink (1998), The Evaluation of Work-rest Schedules With

Respect to The Effects of Postural Workload in Standing Work, Ergonomics, 1832 —

1844.

Welford, A. (1980). Choice reaction time: Basic concepts. In A.Welford (Ed.),
Reaction times (pp. 73—128). New York: Accademic Press.



	1a-FRONT PAGE MATKENG.pdf
	mat keng 1.pdf
	mat keng 2.pdf
	4-Tittle.pdf
	5-TABLE OF CONTENTS.pdf
	6-full mp (2).pdf
	gantt chart (APPENDIX).pdf



