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LITERATURE REVIEW

D rury  (1984) described a seven-step inspection task as fo llow s :
1. O rien t the item  to be inspected.
2. Search the item.
3. D etect a flaw  or usual phenom enon.
4. R ecognize and classify the phenom enon.
5. D ecide on status o f item.
6. D ispatch  item  to a appropriate destination.
7. R ecord  inform ation pertaining to the item.

B ased  on his description, sub-tasks 2 to 5 and sub-task 7 had the specification  
o f  cognition, and the rest o f  1 and 6 requires only m anual skill.

C ognition  or cognitive process is the brain  process that refers to all the 
process by  w hich  sensory input is transform ed, reduced, elaborated , stored, 
recovered  and used. The characteristics o f  cognition are using acquired  
know ledge from  theory and from experience and being able to develop a 
strategy in  w hich  the individual knows exactly w hat he is doing. T hough it is 
accepted  that perm anent input o f the same phenom enon signals or data m ay 
skip the cognitivity  through evolving tow ards a stereotype, in  quality  control 
there still is a basic vigilant level needed to fulfill the task. W henever the b rain  
is taxed  by any cognitive task, it is accepted that m ental w ork load  exists. There 
are several m ethods m entioned to m easure this m ental w orkload, such as

1. P sycho  physiological indices.
H eart rate variability  (HRV) has been proposed by K alsbeek  (1973) 

as an ind icator o f  m ental work load. H eart rate norm ally  varies up and  dow n 
around a m ean. This variability  reduces w henever m ental load exists. In  
addition, electroencephalogram  (EEG) has been proposed to m easure the 
functional state o f  m ind. It is the m easurem ent o f brain  w aves. This m ethod  
give fairly  resu lt w ith  respect to the am ount o f m ental load. It is only a p icture 
o f  a m om entary  w orkload but which give no idea about the w ork  strategy o f  the 
w orker. This is in  case o f m onotonous w ork not very relevant. T echnique to 
m easure E E G  in the field is extrem ely technically d ifference. A nother



technique is critical flicker fusion (CFF) o f the eye. A  flickering light w ill be 
seen  as continuous light at a sufficiently high rate o f flicker. A t resting  stage, 
fusion  occurs around 35 to 40 Hz. A fter working under cognitive load  CFF 
cou ld  drop 0.5 to 7 Hz.

2. B ehavior tim e-sharing method.
This m ethod requires the sim ultaneous perform ance o f  two m ental 

tasks, the p rim ary  task o f interest and the secondary task o f  side. W ith  
attention  to the prim ary  task, the differences in w orkload w ill be reflected  in 
the perfo rm ance o f  the secondary task. The decrem ent in  degree o f 
perfo rm ance is considered  as an index o f m ental load. The exam ples o f  the 
secondary  task are rhythm ic tapping, reaction time, m em ory  search, tim e 
estim ation, and etc.

3. Subjective ratings.
This m ethod  is the easiest techniques used to m easure m ental load. 

The subjects are asked to estim ate the state o f th en  m ental conditions before, 
during and after a m ental task by m arking a num ber on a scale that is p laced  the 
state at the end o f  it. D ifferences in m arkings indicate the degree o f  m ental 
load.

A  sustained  fixed working position w ith repetitive m ovem ents m ay 
cause m uscu lar as w ell as m ental fatigue resulting in increased  m uscular 
ten sion  and m ental sym ptom s. To evaluate o f this tensions o f  m uscles, 
e lectrom yography  (EM G ) is used. EM G  is a technique for m etering  and  testing  
m uscu lar action  and exertion on individual m uscle groups. Its function  is based  
on m easurem ent o f  electrical signals in the muscles. C on traction  in  an 
ind iv idual m uscu lar cell produces an electrical potential. As degree o f 
con traction  increases, m ore functional m uscular cell units (m otor units) becom e 
involved  and the electrical potential increases. The potential m easured  at the 
surface o f  the skin above the m uscle is the total produced by  several m o tor 
un its and describes the activity o f the muscle. The signal p roduced  by  the 
m uscle  can vary  in  intensity  about 1 pv to about 5,000 pv.

S chüld t et al (1986) studied the effects o f changing the sitting  posture 
on the level o f  neck  and shoulder m uscular activity, by using surface electrodes 
o f  EM G , the level o f  m uscular activity o f neck and shoulder w as recorded  as 
norm alized , fu ll-w ave rectified low -pass filtered EM G.



6

W eber, Jerm ini and G randjean (1975) studied the relationship  betw een  
objective and subjective assessm ent o f experim entally induced  fatigue. T hey 
reported  that flicker fusion frequency threshold was especially  correlated  w ith  
the self-scaling  questionnaire o f fatigue. The scale was stre tched  betw een  eight 
opposite  designations as : refreshed-tired w ith r = 0.809, strong-w eak w ith  r =
0.833, aw ake-sleepy  w ith  r =  0.976, and vigorous- exhausted  w ith  r =0.833.

G rand jean  (1971) studied the air-traffic controllers at Z urich  airport. 
The tests took p lace nine tim es every 24 hours at an average interval o f  2.5 
hours. S ix ty-eight controllers participated in the study. D uring the first 6 hours 
o f  w ork, CFF show ed drop o f 0.5 Hz and fell m ore quickly until 10 hours o f 
w ork, w hen the to tal drop was 2.3 Hz.

Srirak Srithongchai (1992) studied the degree o f m ental fatigue caused 
by the continuous w orking o f  the two repetitive works, pipe cutting and pipe 
m achining, based  on the theory o f fuzzy set (FCFF). E ight w orkers w ere 
investigated  three tim es, before and after four and eight hours o f  w ork. She 
found that th resho ld  level set length, obtained from  FCFF, w as h ighly  
correlated  w ith  the self-scaling questionnaire only for refreshed-tired , strong- 
w eak, and v igorous-exhausted  with 95 %  significance.

C haiyos K unanusonthi et al (1989) studied the reaction  tim e o f 
m orning  and n igh t shift w orkers. The report show ed that shift w ork  affected  to 
w orkers' health , the disruption  o f eating and sleeping habits, and the fam ily  and 
social inconvenience. These led to stress accum ulation, w ork evasion, and etc. 
W orking  in  n igh t shift, especially, low ered w orking efficiency and  health  due 
to the need  o f  regular cycles o f sleep contrasting w ith the unnatural w orking 
tim e. T hese induced  the absence, dissatisfaction, decreased  output, and 
increased  acciden t occurrence.

C hartchai U sadom sak (1993) carried out the investigation  o f  task and 
sh ift w ork  relationsh ip  on fatigue level by using fuzzy set theory. Tw elve m ale 
w orkers, fou r from  each departm ent, were participated as subjects in  this study. 
F atigue w as deteim ined  from  heart rate, hand grip strength, flicker fusion  
frequency, reac tion  tim e, and questionnaire. He found that there w as less 
re lationship  b etw een  subjective and objective m ethod o f  m easurem ent due to 
the negative attitude o f w orkers to their w ork and beings. Tasks and shift w ork  
had  h ighly  effects on physical and m ental fatigue level o f  the w orkers. Spray
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w o rk e rs , h a d  h ig h e r  p h y sica l fa tigue  w h ile  in sp ec tio n  w o rk e rs , h a d  h ig h e r  
m e n ta l fa tig u e . N ig h t sh if t w ork  had  lo w er fa tig u e  level th a n  m o rn in g  sh if t fo r  
a ll ty p e  o f  ta sk s  b e c au se  o f  th e  flex ib ility  o f  w o rk  co n tro l and  w o rk  speed .

H a id e r  (1 9 6 3 , q u o ted  in  G ran d jean , 1979) s tu d ie d  fa tig u e  o f  3 3 7  
fe m a le  w o rk e rs  in  tex tile  fac to ries, 207  o f  th e  w o rk ers w o rk in g  o n  a  m o v in g  
p ro d u c tio n  lin e , as m ach in e -p aced , and  th e  o th ers w o rk in g  on  th e ir  o w n , as 
se lf-p aced . T h e  w o rk e rs ' su b jec tive  fee lin g s w ere  a sse sse d  b y  u s in g  a se lf-  
a sse ssm e n t ca rd  o f  12 p a irs  o f  co n trastin g  sta tes. T he re su lts  sh o w e d  th a t th e  
w o rk e rs  w h o  w o rk e d  in  the  m oving  p ro d u c tio n  line  w ere  m u c h  m o re  ten se , 
b o re d  a n d  s le e p y  th an  th e  o th e r w ho  w o rk  w ith  th e ir  o w n  sp eed . A n d  th e  
d is sa tis fa c tio n  a n d  the te n s io n  o f  th e  p ro d u c tio n  line  w o rk ers  w e re  as h ig h  as 
20  - 25 % .

S a ito  an d  h is  co lleag u es (1 9 7 2 ) in v estig a ted  th e  in sp e c tio n  ta sk  in  th e  
fo o d  in d u stry . T he  w o rk ers  in sp ec ted  the b o ttle  on the  c o n v e y e r  lin e  th a t 
m o v e d  so q u ic k ly  th a t the jo b  w as ra ted  to  be d ifficu lt, m o n o to n o u s  and  
re p e titiv e . A fte r  w o rk in g  a sho rt p e rio d  the  re je c ted  b o ttle  q u a n tity  b e c a m e  
d is tin c tly  d ec rease . T h is p h en o m en o n  sh o w ed  the d im in u tio n  o f  w o rk e rs  
a le rtn e ss . M o re o v e r  a d is tin c t fa ll in the  flick e r fu sio n  fre q u e n c y  w o u ld  be 
re c o rd e d . T h e  fa ll in  f lick e r fu sio n  fre q u e n c y  d ep en d ed  on  th e  tim e -sc a le . A s 
in  th e  f irs t  h o u r  th e re  w as a little  change. D u rin g  the  seco n d  to  fo u rth  h o u r  it 
w a s  s tro n g ly  a ffec ted . A n d  the h o u r b e fo re  lu n ch  b reak  it b ecam e  b e tte r.

M c F a rlin g  and  H e im stra  (1 975) ca rried  o u t an  in v e s tig a tio n  in  
s im u la te d  in sp e c tio n . T he  in v es tig a tio n  ex am in ed  p o te n tia l p e rfo rm a n c e  
b e tw e e n  s e lf -p a c e d  and  m ach in e -p aced  in sp ec tio n  task , and  m e a su re d  su b je c t 
p e rc e p tio n s  o f  in sp e c tio n  tasks. T w en ty  w o m en  w ere  u s e d  as v o lu n te e r  
su b jec ts , te n  fo r  ea c h  o f  the  tw o task  co n d itio n s. S u b jec ts  in  b o th  se lf -p a c e d  
a n d  m a c h in e -p a c e d  c o n d itio n s  in sp ec ted  225 s im u la ted  p rin te d  c irc u its  v a ry in g  
in  c irc u it  c o m p le x ity . P e rfo rm an ce  m easu res  o f  d e fec t d e te c tio n  ra te , fa lse  
a la rm  ra te  a n d  tim e  re q u ire d  fo r d ec is io n  w ere  reco rd ed . T h e y  fo u n d  th a t  se lf-  
p a c e d  su b je c ts  p e rfo rm e d  be tte r, b u t th e  p e rfo rm an ce  o f  b o th  g ro u p s  d e c re a se d  
o n  th e  m o re  c o m p le x  c ircu its . S ub jec ts  in  b o th  p ac in g  c o n d itio n s  sh o w e d  
g e n e ra l a g re e m e n t to  the  task s as b e in g  re la tiv e ly  u n p le a sa n t b u t th e  m a c h in e -  
p a c e d  su b je c ts  te n d  to  h av e  m ore n eg a tiv e  p e rcep tio n s  o f  th e  tasks.
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M a h a th e v a n  (1 9 8 2 ) rep o rted  the  effec ts  o f  sh ift w o rk  in  in d u s tr ia l 
d e v e lo p in g  c o u n trie s . W o rk ers  w ere d isru p ted  th e ir  so c ia l a n d  fa m ily  life , th e  
b io lo g ic a l a lte ra tio n  o f  m etab o lic , glandular" and  sleep  rh y th m , an d  g as tric  
fu n c tio n . W o rk e rs  w h o  w o rk ed  tw o  sh ifts  h ad  fre q u e n tly  s u ffe re d  fro m  fa tig u e  
a n d  in d ig e s tio n . Irre g u la r  w o rk -rest cycles also  d is ru p ted  th em . T h e se  ca u se d  
h ig h  a b se n te e ism  ra tes  o f  w orkers.

Ja n a ro  an d  B e c h to ld  (1985) d ev e lo p ed  the w o rk -re s t m o d e l to 
d e te rm in e  o p tim a l re s t b reak  p o lic ies  th a t a im ed  to  m ax im ize  w o rk  o u tp u t o v e r 
sp e c if ic  tim e . T h e  p o lic y  co n sis ted  o f  the n u m b er, d u ra tio n , a n d  p la c e m e n t o f  
re s t  b reak . T e n  su b jec ts  p a rtic ip a ted  in  th is  study . W o rk ers  f irs t ly  u se d  a se lf- 
d e te rm in e d  re s t  b reak  po licy . T hen  the p ro p o sed  m o d e l w as u sed . T h e  re su lt  
in d ic a te d  th a t o u tp u t in c reased  n ea rly  13 %  w h en  su b jec ts  u se d  th e  m o d e l's  
p o licy .

Y a g e r (1 9 7 5 ) p re sen ted  the basic  e lem en ts o f  fu zzy  se t th e o ry  b a se d  on  
Z a d e h 's  c o n c e p t o f  fu zzy  su b se t th a t fu zzy  su b se t is the  g e n e ra liz a tio n  o f  th e  
id e a s  o f  an  o rd in a ry  set. T he b asic  d e fin itio n  o f  fu zzy  su b se ts  is sh o w n  as 
fo llo w s  :

A ssu m e  X  is a se t o f  co rresp o n d in g  to  the u n iv e rse  
X  =  { X 1 , X 2 , . . . , X n }

A  fu z z y  su b se t A  o f  X  is ch a rac te rized  by  a m e m b e rsh ip  fu n c tio n  
บ  A (X ) w h ic h  a sso c ia te s  w ith  every  m em b er o f  X. A  n u m b e r  o f  บ  A (X ) is in  
th e  in te rv a l [0 ,1 ] w h ic h  in d ica tes  the g rade  o f  m e m b ersh ip  o f  X[ in  A. A  can  
be w r itte n  as

A  =  {U A ( X 1 ) / X 1 , U A (X 2 ) /X 2  , . . . , U A (X n )/X n }
T h e  la rg e r  บ A  (X } ), the stro n g er the degree  o f  m e m b e rsh ip  o f  x ^  in  

A . T h e  o n ly  re q u ire m e n t is th a t the  ac tu a l v a lue  fo r th e  fu n c tio n  บ A  (X ) is a 
su b je c tiv e  e v a lu a tio n  o f  the d ecision -m aker.
F o r  e x a m p le  ; X  = (1 , 2, 3, 4, 5}

A  =  the se t g rea te r th an  3 
A  =  {0 / 1 , 0 /2 , 0 /3 , 1/4, 1/5}

In  th e  ab o v e  sam ple , {1, 2, 3} is less th an  3 so  th e  d eg ree  o f  
m e m b e rsh ip  is 0 in  th e  fu zzy  su b se t A. T h is  m ean s th e y  are  n o t th e  m e m b e r  o f  
A .

T h e  o th e r  sam p le  is ; X  =  {C honburi, T ru n g , P h u k e t, K rab i}
A  =  the p ro v in ce  n e a r  B a n g k o k
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A  = { 0 .8 /C h o n b u ri, 0 . 1 /Y a la , 0 .5 /P h u k e t,
0 .7 /R ayong}

T h e  d eg ree  o f  m em b ersh ip  o f  C h o n b u ri is la rg e r th a n  R ay o n g , P h u k e t, 
Y ala , re p e c tiv e ly . T h is  in d ica tes  th e  d istan ce  fro m  B an g k o k  to  th o se  p ro v in ce . 
T h e  la rg e r  th e  d eg ree , th e  n e a re r the  p rov ince .

M a n y  re se a rc h e rs  have u sed  the  fu zzy  se t th eo ry  to  a n a ly z e  th e  d a ta  in  
e rg o n o m ic s  (W an g , S h a rit and  D rury , 1986; M arek  and  N o w o ro l, 1986; M ita i 
and  K a w o w sk i, 1986; C h igne ll and  H an co ck , 1986). M o re  re c e n t o n es are 
S rirak  S r ith o n g c h a i (1 9 9 2 ), C hartcha i U sad o m sak  (1 993), a n d  K itti  In ta ra n o n t 
an d  V a n w o n te rg h e m  (1 9 9 3 ) w h ich  u tilize  the  F u zzy  T h e o ry  to  p r io r itiz e  
c o n tr ib u tin g  fac to rs  on  in sp ec tio n  p e rfo rm an ce. T his s tu d y  a lso  u tiliz e s  th e  
ab o v e  id e a  to  c la ss ify  th e  co n trib u tin g  fac to rs  to  in sp ec tio n  p e rfo rm a n c e .
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