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I n s p e c t i o n  t a s k  i s  a  c o g n i t i v e  t a s k  r e q u i r i n g  h ig h  v i g i l a n c e  s i n c e  
t h e  i n s p e c t o r  h a s  to  i n t e r p r e t  in c o m in g  i n f o r m a t i o n  an d  m ake d e c i s i o n  when 
a n  u n u s u a l  ph eno m enon  i s  e n c o u n te r e d .  T h is  t a s k  c o n s i s t s  o f  c h a r a c t e r i s t i c s  
o f  m o n o to n o u s , c o n t i n u i n g  r e p e t i t i v e  an d  b o r i n g  a c t i v i t i e s  w h ic h  may a f f e c t  
t h e  i n s p e c t i o n  p e r f o r m a n c e  an d  i n c r e a s e  m e n ta l  f a t i g u e .

The r e s e a r c h  w as a im e d  a t  1) s t u d y in g  r e s p o n s e s  o f  w o rk e r s  who p e r f o r m  
an  i n s p e c t i o n  t a s k  on e l e c t r o n i c  p a r t s  an d  i n v e s t i g a t e  c o r r e l a t i o n  b e tw e e n  
w o r k e r s ' f a t i g u e  an d  i n s p e c t i o n  p e r f o r m a n c e ,  2) c o m p a rin g  c u m u la t i v e  m e n ta l  
f a t i g u e  s i g n s  o f  w o rk e r s  b e tw e e n  two s h i f t s  an d  p a c e d - c o n d i t i o n  w i th  tw o ty p e s  
o f  r e s t  a l l o w a n c e s ,  an d  3) d e v e lo p in g  f a t i g u e  e v a l u a t i n g  c r i t e r i a  w h ic h  
i n c l u d e  w o rk  s t r e s s e s  i n  r e a l  w ork  s i t u a t i o n .

T he s tu d y  was d o n e  b e tw e e n  two s h i f t s ,  m o rn in g  an d  n i g h t ,  an d  tw o 
r e s t  a l l o w a n c e s  ( Rl )  an d  t h e  d e f in e d  one  ( R 2 ) .  T h re e  o p e r a t o r s  w e re  m e a s u re d  
f o r  m e n ta l  f a t i g u e  tw o t im e s  a  d a y , b e f o r e  w o rk  an d  a f t e r  w o rk , u s i n g  c r i t i c a l  
f l i c k e r  f u s i o n  f r e q u e n c y ,  r e a c t i o n  t im e  an d  a s u b j e c t i v e  s c a l i n g  q u e s t i o n n a i r e .  
To g e t  m ore  d e t a i l s  on p r o lo n g e d  w o rk , e le c t r o m y o g r a p h y  a n d  h e a r t  r a t e  
m e a su re m e n t w e re  i n t r o d u c e d  f o r  u s e  on o n e  s u b j e c t .  The r e s u l t s  w e re  a n a l y s e d  
by s t a t i s t i c a l  m e th o d s  an d  t h e  f u z z y  s e t  t h e o r y .

T he c o n c l u s i o n  o f  t h e  s tu d y ,  from  f u z z y  a n a l y s i s ,  w as t h a t  r e s t  
a l l o w a n c e s  a n d  s h i f t  w o rk s  r e s u l t e d  i n  h ig h  e f f e c t s  on m e n ta l  f a t i g u e  l e v e l  
o f  w o r k e r s .  W o rk in g  w i th  R l s c h e d u le  h ad  h i g h e r  m e n ta l  f a t i g u e  l e v e l  th a n  R2 
s c h e d u l e .  N ig h t  s h i f t  w o rk  a l s o  h ad  h i g h e r  m e n ta l  f a t i g u e  t h a n  m o rn in g  s h i f t  
w o rk . M a c h in e -p a c e d  was recom m ended f o r  e x p e r i m e n ta t i o n  i n  a  s e p a r a t e  s tu d y  
b e c a u s e  i t  n e e d e d  t im e  t o  c h a n g e  t h e  w o r k e r s ' a t t i t u d e ,  b u t  t h i s  s tu d y  h ad  
l i m i t e d  t i m e .  I t  w as a l s o  c o n c lu d e d  t h a t  p r o lo n g e d  w ork  i n  i n s p e c t i o n  t a s k  
c a u s e d  c u m u la t i v e  f a t i g u e  an d  d e c r e a s e d  t h e  w o r k e r 's  m u s c le  e f f i c i e n c y .  CFF 
w as t h e  m o st e f f e c t i v e  c r i t e r i o n  f o r  m e n ta l  f a t i g u e  e v a l u a t i o n  i n  t h i s  w o rk  
s i t u a t i o n .

ภ า ค ว ิช า . . . . ! ศ .ใ .ท ! ! ม .q M าห ท .!.Ï ............ .................... ล า ย ม ือ ช ื่อ น ิส ิต ................. .......วVว ิ. .^ โ 1..

ส า ๆ ท ว ิช า  'ว ิศ ว ก ร ร ม อ อ ส ไ ห ก า ร .................... ล า ย ม ือ ช ื่อ อ า จ า ร ย ์ท ี่ป ร ึก ษ า ^ โ โ Î W M
ป ีก า ร ศ ึก ษ า .....2..5 .3..6 .......................................... .....................  ล า ย ม ือ ช ื่อ อ า จ า ร ย ์ท ี่ป ร ึก ษ า ร ่ว ม . . I

1



A C K N O W L E D G E M E N T S

T h e  a u th o r  w o u ld  like to g ra te fu lly  ack n o w led g e  h e r  ad v iso r, 
A sso c ia te  P ro fe s so r  D r.K itti  In taranon t, and  h e r co -ad v iso r, D r.K a m ie l 
V a n w o n te rg h e m , fo r  g u id an ce  and  su p e rv is io n  lead ing  to the  c o m p le tio n  o f  
th is  s tu d y . S p ec ia l th an k s go to A ss is tan t P ro fe sso r S u v it P u n n a c h a iy a , 
A ja m  A tta p o m  P a tta ra su m u n t and  th e ir  team  fo r th e ir  h e lp s  b y  in v e n tin g  
th e  m a c h in e  fo r  th e  ex p erim en t. T he au th o r w ish es to th an k  th e  m e m b e rs  
o f  co m m itte e , A sso c ia te  P ro fesso r C h aro o n  M ah itta fo n g k u l, A sso c ia te  
P ro fe s s o r  D r.R a tre e  S u dsuang , and  A ssis tan t P ro fe sso r D r.C h u v e j C h a n sa - 
n g av e j fo r  th e ir  h e lp fu l c ritic ism  and  suggestions. T he  su p p o rt a n d  
c o o p e ra tio n  o f  th e  fa c to ry  m anagem en t, fo re m a n  and  all su b jec ts  are  g re a tly  
a p p re c ia ted .

A c k n o w le d g e m e n ts  are also ex ten d ed  to h e r fam ily  a n d  fr ie n d s  fo r  
th e ir  su p p o rts .

W a n id a  C h a ic h a lo to m



T A B L E  O F C O N T E N T S

P age
A b s tra c t ( in  T h a i)  ........................   iv
A b s tra c t ( in  E n g lish )  ................................................................................................... V
A c k n o w le d g e m e n ts  .........................................................................................................  vi
T a b le  o f  C o n te n ts  .........................................................................................................  v ii
L is t o f  T a b le s  ..................................................................................................................  v iii
L is t o f  F ig u re s  .................................................................................................................... ix
A b b re v ia tio n s  ...................................................................................................................... X
C h a p te r

I In tro d u c tio n  ............................................................................................ 1
II L ite ra tu re  R ev iew  .................................................................................  4
III M e th o d o lo g y  ........................................................................................... 10
IV  R e su lts  a n d  D iscu ssio n  ....................................................................... 18
V  C o n c lu s io n s  and  R eco m m en d atio n s ............................................ 45

R e fe re n c e s  ......................................................................................................................... 48
A p p e n d ic e s  ..........................................................................................................................  51
B io g ra p h y  .............................................................................................................................  83



T a b le  P age
4 . 1  E n v iro n m e n ta l C ond itions ............................................................  20
4 .2  Q u a n tity  o f  P ro d u c t O u tp u t ........................................................ 20
4.3  S ta n d a rd  d ev ia tio n  o f  f lick e r v a lu es on  each  tra in in g  ...... 22
4 .4  S ta n d a rd  d ev ia tio n  o f  f lick e r va lues on each  tra in in g  .....  23
4 .5  R e la t io n s h ip  b e tw e e n  o b je c tiv e  a n d  s u b je c tiv e

m e th o d s  o f  fa tig u e  m easu rem en t ................................................ 25
4 .6  T h e  e ig en v ec to rs  o f  ex p erim en ta l fac to rs  .............................  32
4 .7  E M G , h e a r t ra te , o u tp u t and  d e fec t fo r th e  d iffe re n t

p e r io d  o f  d irec t w ork  ....................................................................... 36
4 .8 a  R e la tio n sh ip  am ong  h ea rt ra te , D -E M G  o f  u p p e r

tra p e z iu s , o u tp u t and  defec t n u m b ers  ......................................  38
4 .8 b  R e la tio n sh ip  am ong  h ea rt ra te , D -E M G  o f  neck ,

o u tp u t and  d e fec t n um bers ............................................................ 38
4 .9  R e la tio n sh ip  o f  D -E M G  and  h ea rt b ea t p e r  d e fe c t

n u m b e r  ....................................................................................................  39
4 .1 0  T h e  p e rcen tag e  o f  E M G  in  each  % R V C  ran g e  o f

u p p e r  frapezius ..................................................................................  42
4 .1 1 T h e  p e rcen tag e  o f  E M G  in each  % R V C  ran g e  o f  n e c k  .... 42

LIST OF TABLES



LIST OF FIGURES

Figure
3.1 T h e  a tta c h e d  p o sitio n  o f  su rface  e lec tro d e  fo r  E M G

m e a su re m e n t ......................................................................................
3 .2  M e th o d  fo r  m easu rem en t o f  re fe ren ce  c o n tra c tio n

a) u p p e r  t r a p e z iu s , b )neck  ...........................................................
4 .1  P ack a g e  o f  e le c tro d e  ch ips .........................................................
4 .2  W o rk  s ta tio n  o f  in sp ec tio n  p ro cess  .........................................
4 .3  S ta n d a rd  d ev ia tio n  decrease  o f  f lic k e r  v a lu es .....................
4 .4  S ta n d a rd  d ev ia tio n  decrease  o f  re a c tio n  tim e .....................
4 .5  C o m p a r is io n  o f  m e a n s  f ro m  m e a s u r in  e q u ip m e n t,

b e fo re , an d  a fte r w ork  ....................................................................
4 .6  C o m p a ris io n  o f  fa tigue b e tw een  sh ifts  ..................................
4 .7  C o m p a ris io n  o f  fa tigue b e tw een  rests  ..................................
4 .8  T h e  p ro p o rtio n  o f  facto rs e ffec t to  fa tig u e  lev e l ...............
4 .9  E M G  an d  h e a rt rate  .........................................................................
4 .1 0  E M G  o f  n eck  fo r d irec t w ork  (D ), in d irec t w o rk  (I),

an d  a t re s t .............................................................................................
4 .1 1  E M G  o f  u p p e r  trapezius on d irec t w ork  v e rsu s  h e a r t

ra te  a t w ork , ou tp u t and  d e fe c t( l / 2 ) ........................................
4 .1 2  E M G  o f  n eck  on d irec t w o rk  v ersu s h e a r t ra te  a t

w o rk  o u tp u t and  defect( 1 / 2 ) ........................................................
4 .13  R e la tio n sh ip  o f  D -E M G  and  h e a rt ra te  p e r  in sp e c te d  u n it
4 .1 4  R e la tio n sh ip  o f  D -E M G  and h e a r t ra te  p e r  d e fe c t n u m b e r
4 .1 5  E M G  cu rv e  o f  up p er trap ez iu s  and  n eck  ..............................
4 .1 6  T h e  p e rcen tag e  o f  E M G  in  % R V C  ran g e  o f  u p p e r

tra p e z iu s  ..............................................................................................
4 .1 7  T h e  p e rcen tag e  o f  E M G  in  % R V C  ran g e  o f  n e c k  .....

Page

14

15 
18
19
22
23

24 
26 
27
33
34

35 

37
ท ๆ

3 9
40
41

43
44



A B B R E V IA T IO N

A I
a ij

A b n o rm a l in d ex
C o rre la tio n  b e tw een  co n trib u tin g  fac to rs  in  m a trix

B
B 1
B 2
B3
B 4

B reak  tim e
B e g in n in g  o f  1st w eek  m easu rem en t 
B e g in n in g  o f  2nd  w eek  m easu rem en t 
B e g in n in g  o f  3 rd  w eek  m easu rem en t 
B e g in n in g  o f  4 th  w eek  m easu rem en t

C F F C ritica l flick e r fu sion  freq u en cy
C F F -U P  F lic k e rin g  lig h t ap p eared  in to  a co n stan t sh in in g  lig h t 
C F F -D O W N  C o n s ta n t sh in in g  ligh t becom e flick erin g

D -E M G
D ire c t w o rk  
E M G  on  d irec t w ork

E l
E 2
E3
E 4
E E G
E M G

E n d  o f  1 st w eek  m easu rem en t 
E n d  o f  2 n d  w eek  m easu rem en t 
E n d  o f  3 rd  w eek  m easu rem en t 
E n d  o f  4 th  w eek  m easu rem en t 
E lec tro e n ce p h a lo g ra m  
E le c tro m y o g rap h y

F C F F F u z z y  c ritica l flick er fu sio n  freq u en cy

H B I/D E F
H B I/P C

H e a r t  b e a t on  in d irec t w ork  p e r  d e fec t n u m b er 
H e a r t b e a t on  in d irec t w o rk  p e r  in sp ec ted  u n it

H B IX /D E F  H e a rt b e a t on  in d irec t and  id ea l w o rk  p e r  d e fe c t n u m b e r
H B IX /P C
H B X /D E F
H B X /P C
H R R
H R V
H R W

H e a r t  b e a t o n  in d irec t and  id ea l w o rk  p e r  in sp e c te d  u n it
H e a r t  b e a t on  ideal w o rk  p e r  d e fe c t n u m b er
H e a r t  b e a t on  ideal w o rk  p e r  in sp ec ted  u n it
H e a r t ra te  a t re s t
H e a r t  ra te  v a riab ility
A v e ra g e  h e a r t rate  at w ork

I In d ire c t w o rk

L IG H T R e a c tio n  tim e fo r lig h t sitm uli

M V C M a x im u m  v o lu n ta ry  co n trac tio n



XI

O p W o rk  o u tp u t

R
R I
R 2

R e s t a llo w an ce
F o u r  re s t tim es o f  5 m in u tes  a fte r one h o u r w o rk  
T w o  re s t tim es o f  5 m in u tes  a fte r tw o  h o u rs  w o rk  a n d  a fte r 
50  m in u te s  o f  w ork  a fte r m eal, an d  one re s t tim e  o f  10 
m in u te s  a f te r  th e  n ex t 50 m in u tes  o f  w ork.

R  V C R e fe re n ce  v o lu n ta ry  fo rce

S O U N D
S T D

S h ift
R e a c tio n  tim e fo r so und  stim u li 
S ta n d a rd  d ev ia tion

X Id e a l w o rk


	Cover (Thai)

	Cover (English)

	Accepted

	Abstract (Thai)
	Abstract (Thai)
	Acknowledgements

	Contents

	Abbreviations 


