CHAPTER 1II
LITERATURE SURVEY

Definitions

To understand ' thesis, an explanation of

the meanings of some t C arms - scessary. These terms are as

follows:
1. Circad : \\\
Circadian rhythms which follow
‘ld-l
their 24-hour cycle rgpe ﬁ , «,4 are found not only in
human beings but alsg h—f Y ud lants. They have influences

over almost all b1o1og1ca including metabolism, urinary
) TR .

excretion, and hormo £Lontrol the heart rate,

“ﬂ?_i________w g1i

igth and alertness or
“ , il

the state of inacti¥ ty such as s1eep are inf y

body temperature

denced by these rhythms.
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(Marek and Noworol§ 1986)
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The critical flicker fusion frequency (threshold) is the
frequency at which the 1light 1is the border 1line separating a

flickering light from a constantly shining light.
3. Fatigue (Grandjean, 1979)

Fatigue is classified into physical and mental fatigue.

3.1 Physical fatigue 1is an acutely painful phenomenon,



which occurs in overstressed muscles.
3.2 Mental fatigue is a diffuse sensation which is

accompanied by indolence and a decrease in working efficiency.

4. Fuzzy Set Theory (Karwowski, 1982)

The basic defini uzzy sets are as follows:

Let X = { of objects denoted by x.

A fuzzy set A in X i&

where f (x) repres ' X tn A, and: f: Xz
A

I is a function from X_vo ' membership space. When
A is nonfuzzy and its
membership function becomej; TT"__jI ith the characteristic function
of a non-fuzzy s:; _______;‘.m“,;_;_________,;,' the interval [0,1],

with 0 and 1 repr: ent ﬁ st and the highest

Thus é fdgéy set A can‘-e precisely defined by

associating ﬂﬂﬁﬂ%ﬂjﬂﬂf‘)ﬂﬁn 0 and 1, which

represents itgllgrade of membershlp in

QW‘lﬁ“@ﬂ‘ﬁ?ﬂ“ﬁJ‘W]’?ﬂE’ﬂﬂ g s

(o, ), and consider the fuzzy set A (subset of N) of small

grades of membership.

natural numbers:

A = Lo/, (1/0.8% (2/0.8)7}

According to the format of the fuzzy sets, the slash is used to
separate two figures in the parenthesis. The first figure is

considered an element of the set and the second figure is wused to



indicate the grade of membership of the first figure. The number 0 is

thus a member of the set A with its grade of membership of 1.

5. Reaction Time (Rosa and Colligan, 1988)

The reaction time indicates the response of a human body

to different stimuli. The ‘reaction timer is the instrument

which displays only ong

X . # . p
is operated with thar s w such as sound, light,

smell, taste, etc.

6. Repetitive 986)

»
\\\\\\ one unit of assembly or

to inspect one item is€a éﬂ cycle tivity will wusually be

viewed as repetitive i} two minutes or less gnd it

is repeated throughout th§ WoTKS ;. Highly repetitive work has

a cycle time of ;i s or less rk. fis usually performed

o C Y

with the musclesé *s; or feet. Many of the
II . . I'I:

W s
operat1ons are done h11e workers are 1n a si ng position.

Sl UNTNYINS
CHAl! ﬁ'ﬁﬂ ?mﬁm“g ik arﬂ of through

experieng¢e. It 1is caused by various kinds of stress. The important

stresses can be seen in the following figure.
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Figure 2.2 Relationship befween physical and mental fatigue



The effects of mental fatigue lead to various problems such as
decrease in efficiency, increasing errors, absenteeism, turnover and
accidents. Fatigued people show unwillingness to work, weariﬁéss,
somnolence, faintness, and distaste for work. Grandjean (1971) pointed

out that these symptoms are related to the mechanism of the nervous

%ee parts: central nervous

i _J.
ste@phera] nervous system.

johtrol the.overall mechanism of the

system.

The nervous syst
system (CNS), autonom
The function of the sys

body such as heart rai bloed circulation.
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Figure 2.3 Structure of CNS (Tortora, 1986)

The structure of CNS is illustrated in Figure 2.3. This system
consists of cerebrum, cerebellum, and the brain stem. The brain stem
is divided 1into the thalamus, hypothalamus, midbraih, medulla and

reticular formation. Each part has different functions. The reticular
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formation has control over the level of activation of the cerebral
cortex. According to neurophysiology, there are, in reticular
formation, two systems working in opposite directions: an activating
system and an inhibiting system. To carry out their fdnctions, the two
systems are stimulated by afferent signals from the cerebral cortex

and sensory system. If the

system predominates, the 1level

of activation of the 1 increase. This is a cause

ﬁ hand, if the activating

of alertness and e
system is suppresse stem which becomes more
influential, the leve Va W ’f\\‘\ case, thereby bringing

about fatigue.
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igure 2.4 The level of activation of cerebral cortex

system

(Grandjean, 1979)

In this paragraph, the process 1in the formation of mental
fatigue is explained. When the body is stimulated, a stream of
impulses from sensory organs will be carried into the reticular

formation. The reticular activating system then arouses the cerebral
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cortex through the thalamic pathway; as a result, the impulses are
sent back along the nerve tracts from the cortex to the reticular
activating system and down to other systems such as the motor system
and visceral system. By this mechanism, the entire body becomes alert.
If the body remains in a state of fatigue; the activating system,
‘ k/ reticular formation,l will be

&wer part of the reticular

ag about the inhibition of

which is located in the up
inhibited and the inhi
formation will be ac ;
the cerebal cortex erformance.
Changes of requency (CFF) values

and reaction time ed to measure mental

AN
(A

_~iat 2 degrease in the CFF values

fatigue. Much resea

is associated with t ;’ .f‘- ~f’t|\ rebral cortex, as a sign

of mental fatigue. The fé;"LL:,f CFF values depend on types of

work. Mental work usua es decrease distinctly. For

instance, the -ﬁ‘f-efz';-:';:;::'s::.':f-'_-.“'—-"-"'--i‘*—*’*é".- n in office workers.

3
i
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Because of the i!ﬂre- eaﬂ]ion of the human body,

which 1is measured gy reaction t1miL,w111 be slower after work. The

quesmnnmﬂsum AR INYIRT: to sssess nenter

fatigue. S1nc is important to kn the data oaJhuman state of
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able to g1ve quantitive values of fatigue.

Literature Reviews

Some of the following studies are focused on the problem of
mental fatigue. There are several methods of fatigue testing: critical
flicker fusion frequency, reaction time and self-scaling questionnaire.

Grandjean (1958) studied the effects of fatigue on 15 female
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telephone operators and 14 office workers. The subjects were tested
twice a day: before work in the early afternoon and after work in the

evening. The results of the test on the female telephone operators

were:
- A 10% increase in visual reaction time

itical flicker fusion frequency

%gnificant changé of the

- A decrease of 0.6 H

As for the office worker

fatigue-indicating values..= --—" .
Haider (1gs1f'!§--_f7 / mong 337 female workers in

g0e, engnd

textile factories. The [# | ,\&‘ -v*g{.ees worked on a moving
production 1ine, whi ‘&\\ \JSO labourers worked at
their own speed. aider -";q!f:.f 3 ’->§:n-s of these workers by
using a self-assess ~nt -,435, h twe lve ' pe of contrasting states.
The results of the experi env";J T We groups of workers were
different. The production “Fine were more tense, bored, and

sleepy than tho;a h : it the peed. The percentage of

weary and tense warKers w Gt ion line was as high

as 20-25%. m ' ' m

" Haider..(1963 ‘; i Hys i ica mptoms of boredom
and fatigue %jj ﬂsﬁﬁﬁﬁtﬁmﬁjils workers who took
charge .in. OMS =W ‘ t ,m' aﬁ: rkers were
subject,ei maggﬂlﬁmiumﬁi :t r ﬂjﬂ gr protective
shield of their machine. When they noticed a flash of light, they were
" required to press a pedal. This was a possible way to monitor their
speed of response and theif‘level of alertness throughout the day.

Haider found out that, during the working period: the alertness of the

twenty-nine female workers diminished whereas their reaction time

increased.
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Saito, Kishida and Endo (1972) carried out important research
in the food industry. Workers studied were engaged in the visual
control of bottles and their contents. The bottles moved very quickly.
The job was considered arduous and monotonous. After a short time
at work, the number of rejected bottles became distinctly 1less
, ing alertness. Concurrently, a
})f r fusion frequency could be
recorded. The fall ﬁby increasing fatigue

symptoms. The faﬂ( r
\\\ e observed to talk less

greatest during the p ﬂ\ \\\\
to others, and to ten Lo \\\ as]eep The time-scale

was as follows:

than wusual. This indicated

distinctive fall in th

fusion frequency was

Weber, owed that critical

flicker fusion ency value (CFF) was ﬂart1cu1ar1y related to

the self-scal zjﬁrv[ W e scale stretched
between ﬁﬂ ilﬂt n ﬁjﬂ im gnations were
refres wﬁ A| ﬁ/ wake-sleepy

'q«;Wj ﬁ;orous-im w y.[ﬂ ad 1t%[ the three

researchers pointed out that a decrease in CFF value is connected with
a feeling of fatigue.

Marek and Noworol (1986) reported that changes in threshold
values based on the theory of fuzzy sets (FCFF) can be used to measure
mental workload and mental fatigue. Twenty-four video display terminal

operators were investigated three times, before and after three and
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six hours of mental workload. They found that threshold level set
length, obtained from FCFF, was highly related to the self-scaling
questionnaire on fatigue. There are ten scales between each
designation. The designations are as follows: refreshed-tired (r =

0.878), awake-sleepy (r = 0.820), strong-weak (r = 0.823), vigorous-

exhausted (r = 0.851). The Ly searchers concluded that the changes

in FCFF are due to me
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