
C H A P T E R  III

M E T H O D O L O G Y

S u b jec ts

T w e lv e  w o rk e rs  p e rfo rm in g  the fin a l in sp e c tio n  o f  m in i tra n s is to rs , an  
e le c tro n ic s  p a rt, w e re  req u ested ' to fill up  a q u e s tio n n a ire , C E R G O  
q u e s tio n n a ire , to  u n d e rs ta n d  i f  they  w ere  in  u n u su a l co n d itio n  to w ork .

F o r  m e n ta l fa tig u e , th ree  w o rk ers  w ere  u sed  as su b jec ts , w ith  a m e a n  
age  o f  2 4  y e a rs  an d  a m ean  experience  o f  7 m on ths. T h e  av erag e  h e ig h t a n d  
w e ig h t w e re  152+ 4  cen tim e te rs  (m ean  =  153 cm .) and  4 4 + 4  k ilo g ra m s (m e a n  =  
44 .3 3  k g .), re sp e c tiv e ly . P rio r to p a rtic ip a tin g  in  the ex p e rim e n t, th e ir  v is io n  
w e re  e x a m in e d . O n ly  th e  no rm al w ere  req u ired  to av o id  p e rfo rm a n c e  
d iffe re n ce s .

T o  m e a su re  cum u la tiv e  lo ad  o f  trap ez iu s  m u sc les  an d  h e a r t ra te , one 
su b je c t o f  th e  th re e -w o rk e rs  w as p a rtic ip a ted  as v o lu n tee rin g  su b jec t.

E q u ip m e n t

1. C ritic a l F lic k e r F u sio n  F req u en cy  A p para tus.
2. R e a c tio n  T im e A ppara tus.
3. S e lf-sc a lin g  Q uestio n n a ire .
4. C E R G O  Q u estio n n a ire .
5. E le c tro m y o g ra p h ic  R eco rd er (M E -3000).
6 . E le c tro n ic  P u lse  M assager.
7. H e a r t R a te r  M o n ito r (P o la r S port T este r)
8 . S tra in  G au g e  D y n am o m ete r
9. S to p  W atch .

10. O rth o -R a te r.
11. L u x -m e te r.
12. S o u n d  L ev e l M eter.
13. T h e rm o h y d ro g ra p h ic  R ecorder.
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M e th o d s

T o  a sse ss  m e n ta l fa tigue  o f  in sp e c tio n  task  a lo n g  w o rk in g  tim e, 
o b je c tiv e  a n d  su b jec tiv e  m eth o d s w ere  b o th  used . T he  v a lu e s  fo r  o b jec tiv e  
m e th o d s  w e re  c ritic a l f lic k e r  fu sio n  freq u en cy , re a c tio n  tim e , w o rk  o u tp u t, an d  
s le e p in g  h o u rs  o n  th e  d ay  b e fo re  testing . F o r su b jec tiv e  m e th o d , a se lf-sc a lin g  
q u e s tio n n a ire  w as  u sed  to  assess the su b jec tiv e  fee lin g s o f  fa tig u e . A ll w e re  
d o n e  b e fo re  a n d  a fte r  w ork . T he m uscle  fa tig u e  and  h e a r t ra te  d u rin g  w o rk  
w e re  a sse sse d  b y  m e a su rin g  e lec tro m y o g ram  and  h e a rt ra te  in  th e  b e g in  an d  a t 
th e  e n d  o f  w eek . S ta tis tica l an a ly sis  w o u ld  be co n d u c te d  u s in g  a c o m p u te r iz e d  
s ta tis tic a l p a c k a g e  ava ilab le . T he p ro b lem  o f  p rio ritiz in g  c o n tr ib u tin g  fa c to rs  
w ith  re s p e c t to  th e ir  re la tiv e  im portance  to m en ta l fa tigue  c an  b e  fo rm u la te d  as 
a p ro b le m  o f  m u ltip le  o b jec tiv e  d ec ision -m ak ing . S ince th is  s tu d y  d o es  n o t 
c o n c e rn  w ith  w h e th e r  th e  d e te rm in ed  fac to rs  e ffec t to the  m e n ta l fa tig u e  b u t 
a lso  w ith  h o w  s tro n g ly  th ey  belong  to it, a fu zzy  d ec is io n -m a k in g  a p p ro a c h  is 
m o re  a p p ro p ia te  th an  a p ro ab ilis tic  ap p ro ach  (Z adeh , 1965). E v e n  th o u g h  
c o n v e n tio n a l te c h n iq u e , su ch  as fac to ria l design , is ab le  to be  u s e d  fo r  รณ d y in g  
th  e ffe c ts  o f  tw o  o r m o re  fac to rs , it is u n su ite d  fo r d ea lin g  w ith  th e  p ro b le m s 
in v o lv in g  v ag u e  o r fu zzy  in  natu re  like th is รณdy. T h e re fo re , fu z z y  se t th e o ry  
w o u ld  b e  a p p lie d  to  d e te rm in e  the  im p o rtan ce  o f  the fac to rs  to  th e  d e p e n d e n t 
v a ria b le s .

F a c to rs  In f lu e n c e d  th e  E x p e rim en t

In  th e  ex p e rim en t, th ree  fac to rs  w ere  fo c u se d  : sh if t w o rk , re s t 
a llo w a n c e , a n d  p a c e d  w ork .

1. S h if t W o rk

W o rk in g  in  sh ift w as a p a tte rn  o f  b e h a v io r  th a t w as  u n n a to a l  a n d  
a g a in s t 't im e -k ee p in g  system ' o f  h u m an  beings. It cau ses  d isc o m fo rt to  m an , 
lo w e rs  e ff ic ie n c y , an d  in c reases  m en ta l fa tigue . In th is  รณdy, n ig h t sh if t an d  
m o rn in g  sh if t w e re  in te restin g .
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2. R e s t  A llo w a n c e

In  w o rk in g  ac tiv ity , fa tig u e  red u ces  th e  fu n c tio n a l c a p ac ity . T o  
e lim in a te  fa tig u e , m a n  n eed s re s t d u ring  w o rk  to re c o v e r th e  fu n c tio n a l 
p o te n c y . In  th is  รณdy, w e  w ere  in te res ted  in  a lte rn a tiv e  re s t p a u se s  as 1) re s t 
tim e  eq u a ls  in  a ll p a u se s  (4 res t tim es o f  5 m inu tes a fte r 1 h o u r  o f  w o rk , 20  
m in u te s  re s t  in  to ta l o r R l ) ,  and  2) re s t tim e eq u a ls  in  all p a u se  e x c e p t th e  la s t 
p a u se , a n d  th e  re s t tim e w as ex ten d ed  (2 re s t tim es o f  5 m in u te s  a f te r  tw o  
h o u rs  o f  w o rk  an d  a fte r 50  m in u tes o f  w ork  a fte r m eal, an d  1 re s t  tim e  o f  10 
m in u te s  a f te r  th e  n e x t 50  m in u tes  o f  w o rk  — 20 m in u tes  re s t in  to ta l o r R 2).

3. P a c e d  W o rk

T h e  e x is tin g  p a c e d -in sp ec tio n  s t a t i o n  is m o s tly  s e l f  p a c e d  w h ic h  
th e re  is no  ex te rn a l m a c h in e -g en era ted  ra te  b u t is p a c e d  b y  m a n a g e m e n t 
o b je c tiv e s . T h e  w o rk e rs  can  v a iy  the  ra te  o f  w o rk  over the  w o rk  c y c le  to  m e e t 
th e se  o b jec tiv es . O th erw ise , it is assu m ed  th a t u sin g  m a c h in e -p a c e d  in  the  
c o n tro l o f  th e  p ro c e ss  and  in  e lim in a tin g  the  v a riab ility  b e tw e e n  in sp e c to rs  
a n d /o r  sh ifts  a re  m o re  e ffic ien t th an  se lf-paced . F o r th is re a so n , m a n a g e m e n t 
p re fe r  to  in tro d u c e  m ach in e -p aced .

B o th  o f  th e  re s t pause  m en tio n ed  above w ill be c o m p a re d  w ith  th e  
a llo w a n c e  c a lc u la te d  b y  co n v en tio n a l m e th o d  th a t is su p p lied  b y  P e te r  S tee le  
a n d  P a rtn e rs  fro m  U n ite d  K in g d o m  (In te rn a tio n a l L ab o u r O rg a n iz a tio n , 1981).

P ro c e d u re s

1. D a ta  C o lle c tio n  M ethods

1.1 C ritic a l F lick e r F u sio n  F req u en cy  and  R e a c tio n  T im e

S u b jec ts  w ere  in te rv iew ed  b e fo re  te s t to  f in d  o u t th e ir  h e a lth . I f  
th e y  g o t a n y  p ro b le m s, th e  te s t w o u ld  n o t be  done. T he m e a su re m e n t o f  m e n ta l 
fa tig u e  w e re  d o n e  tw o  tim es a day, b e fo re  and  a fte r w ork in g . P r io r  to  s ta r t  th e  
e x p e rim e n t, su b je c ts  w ere  tra in ed  to use  flic k e r  fu s io n  fre q u e n c y  a n d  re a c tio n  
tim e  a p p a ra m ร to  e lim in a te  the  lea rn in g  e ffec t th a t m ay  in f lu e n c e  to  th e  data . 
E a c h  su b je c t w a s  tra in e d  to  u se  th o se  eq u ip m en t 2 tim es a d ay  fo r  3 days.
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1.1.1 M easu rem en t M eth o d

1.1.1 .1  C ritica l F lick e r F u s io n  F re q u e n c y  (C F F )

T here  w ere  tw o  k in d s o f  C F F  m e a su re m e n t, 
in c re a s in g  a n d  d e c re a s in g  th e  freq u en cy  o f  in te rm itten t lig h t. A s sittin g , the  
d e c re a s in g  th e  f re q u e n c y  o f  in te rm itten t light. A s s itting , th e  su b je c ts  w ere  
a sk ed  to  p re ss  th e  b u tto n  w ith  th e ir  d ex te ro u s h an d  w h ile  lo o k in g  a t th e  
in te rm itte n t re d  lig h t on  the  w hite  sc reen  o f  th e  eq u ip m en t. F o r  in c re a s in g  o f  
th e  in te rm itte n t lig h t freq u en cy , the  su b jec ts  w ere  su p p o se d  to  re le a se  th e  
b u tto n  im m e d ia te ly  as th e  flick erin g  ligh t w as co n stan t. T h e  te s t w as d o n e  5 
tim es  w ith  5 se c o n d s  b reak  after each. T h en  the in te rm itte n t l ig h t w o u ld  b e  
c h a n g e d  to  th e  d ec re a se  o f  freq u en cy , th a t the  in te rm itte n t l ig h t c h a n g e d  fro m  
c o n s ta n t to  f lick e rin g , an d  the  test w ere  done in  the  sam e w ay .

1 .1 .1 .2  R eac tio n  T im e

The reac tio n  tim e m e a su re m e n t w ere  re c o rd e d  
w ith  tw o  k in d s  o f  s tim u li, ligh t stim ulus and  so und  stim u lu s. D u rin g  th e  test, 
th e  su b je c ts  re m a in e d  in  a sitting  p o s itio n  w ith  the  fo re fm g e r o f  th e ir  d e x te ro u s  
h a n d  o n  a b u tto n  re sp o n se  box . A s fast as p o ssib le , the  su b je c ts  w o u ld  p u sh  on  
th e  b u tto n  w h e n  any  stim u lu s w ere  show n. T he re a c tio n  tim e  sh o w n  o n  th e  
d isp la y  w o u ld  b e  reco rd ed . The m easu rem en t w as d one  10 tim es  fo r  ea c h  
s tim u lu s .

1.2 S e lf-sc a lin g  Q u estio n n a ire  on  F a tig u e

In  o rd e r to know  h o w  th e  su b jec ts  fee l, tw o  se ts  o f  
q u e s tio n n a ire  w e re  used . F irstly , it w as ab o u t p e rso n a l d a ta  a n d  e x p e rie n c e  o f  
w o rk . A n d  sec o n d ly , it w as the  b ip o la r  sca lin g  q u e s tio n n a ire  th a t u se d  to  
e s tim a te  fa tig u e . T h is  q u estio n n a ire  co n sis ted  o f  7 e le v e n -p o in t sca le s  se ttin g  
u p  a c c o rd in g  to  th e  p rin c ip le  o f  opp o sin g  p red ica tes  : b o re d - in te re s te d , d u ll-  
re a d y  fo r  a c tio n , tired -re fre sh ed , w eak -stro n g , ex h a u s te d -v ig o ro u s , s le e p y - 
aw ak e , a n d  te n se -re lax ed . T he sub jec ts w o u ld  c h a rac te rize  th e ir  o w n  s ta te  b y  
ju d g in g  th e ir  o w n  fee lin g  a t a p a rticu la r m o m en t on  th e  p ro p o se d  sca le . T h e  
sc a le  w e n t f ro m  -5 to  5 , w h ere  n u m b er 5 rep re se n te d  th e  e x tre m e ly  fe e lin g  a n d  
ze ro  re p re s e n te d  n o rm a l situa tion .



1.3 E le c tro m y o g ra p h y

Ln o rd e r to  a ssess local fa tigue  signs, b ip o la r  su rfa c e d  E M G  w as 
u se d  to  m e a su re  th e  cu m u la tiv e  lo ad  o f  the n eck  and  sh o u ld e r  m u sc le s  d u rin g  
w o rk in g  p e rio d . T w o  m u sc les  w ere  se lec ted  fo r the  E M G -re c o rd in g s . th e  
u p p e r  an d  th e  lo w e r  p a r t o f  the  trap ez iu s  m u sc le  (F ig u re  3 .1 ). T he
m e a su re m e n t w a s  d o n e  th ro u g h o u t w o rk in g  day  o f  th e  f irs t  w o rk in g  d ay  o f  seek  
an d  th e  la s t w o rk in g  d ay  o f  th e  sam e w eek.

F ig u re  3.1 T h e  a tta c h e d  p o s itio n  o f  su rface  e lec tro d e  fo r  E M G  m e a su re m e n t

1.3.1 M easu rem en t M eth o d

A s the w ork ing  p o stu re  o f  the in sp e c to r  w a s  in  th e  s lig h t 
fo rw a rd -b e n t-s itt in g  p o s itio n , the u p p e r trap ez iu s  (fo r n e c k  an d  sh o u ld e r  
m u sc le )  a n d  lo w e r  tra p e z iu s  (fo r back  m u sc le ) w ere  m e a su re d . T w o  su rfa c e  
e le c tro d e s  w e re  a tta c h e d  to the  su rface  o f  the  sk in  above th e  in d iv id u a l m u sc le . 
T h e  a tta c h  p o s itio n s  w ere  fo u n d  b y  u sin g  on e lec tro n ic  p u lse  m a ssa g e r. T h e  
e le c tr ic a l s ig n a l o f  th e  m u sc les  w as reco rd ed  in  the  m e m o ry  o f  th e  c o lle c tin g  
d ev ice  a t a tim e  c o n s ta n t o f  10.0 seconds. T he d a ta  co u ld  be u n p a c k e d  o n to  th e  
te s te r 's  d isp la y  a n d  tra n s fe rred  v ia  op tica l te rm in a l to  c o m p u te r  fo r  an a ly z in g .

B e fo re  tes tin g , E M G  data  o f  fu ll re s t s itu a tio n  o f  e a c h  su b je c t 
w as n e e d e d  to  co m p a re  w ith  the w o rk in g  situa tion .

1 .3 .2  E M G  C alib ra tio n

T h e  re fe ren ce  v o lu n ta ry  fo rce  (R V C ) w as a s se s se d  fo r  
n e c k  a n d  sh o u ld e r  m u sc les . T he R V C  o f  the  le ft sh o u ld e r w as m e a su re d  w ith  a
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Strip o v e r th e  ac ro m io n  in a sitting  p o sitio n  u sin g  a s tra in  g auge  d y n a m o m e te r  
(F ig u re  3 .2 a ). T h e  R V C  o f  the neck  m uscle  w as o b ta in ed  b y  a s trip  a ro u n d  the 
h e a d  c o n n e c te d  to  a s tra in  gauge d y n am o m ete r (F igure  3 .2b). T h e  b e s t o f  th ree  
R V C  w a s  c o n s id e re d  to  be the  subject's re fe ren ce  isom etric  stren g th .

(a ) u p p e r trapezius (b) n eck
F ig u re  3 .2  M e th o d  fo r  m easu rem en t o f  re fe ren ce  co n tra c tio n  fo rce .

1.4 H e a r t R ate

In  o rd e r to assess the g enera l fa tigue, sp o rt te s te r  w as u se d  to 
re c o rd  th e  h e a r t  ra te  d u rin g  w ork. T he m easu rem en t w as d one  a t th e  sam e tim e  
as E M G  m e a su re m e n t.
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1.4.1 M easu rem en t M eth o d

T he  sub jec t w as eq u ip p ed  w ith  a sp o rt te s te r  fo r  h e a r t  ra te  
re c o rd in g . T h e  s ig n a l o f  h e a rt ra te  w as re c o rd e d  in  th e  so lid  sta te  m e m o ry  o f  
th e  c o lle c tin g  d ev ice  (w a tch ) at a tim e co n stan t o f  15 seco n d s.

D u rin g  reco rd in g  o f  E M G  and  h e a rt ra te , th e  a c tiv itie s  o f  
th e  su b je c t w e re  re c o rd e d  b y  m anual in  an  ac tiv ity  fo rm  th ro u g h o u t th e  w o rk in g  
tim e. T h is  w a s  n e c e ssa ry  to analyze b o th  data.

2. M e th o d s  o f  A nalysis

F u z z y  se t th e o ry  is em p lo y ed  as a m a th em a tica l to o l to  in d ic a te  th e  
e ffe c t a n d  s tre n g th  o f  co n trib u tin g  fac to rs  to m en ta l fa tigue . T h e  b a s ic  p ro b le m  
c a n  b e  fo rm u la te d  as fo llo w s : L et X  =  { x j ,  X 2 ,  X 3 ,  X 4 }  co n s titu te  th e  se t o f  
d e c is io n  a lte rn a tiv e s  co rresp o n d in g  to the fo u r co n trib u tin g  fa c to rs , w h e re  X} =  
sh ift, X 2  =  re s t a llo w an ce , X 3  = sleep ing  hours on the  d ay  b e fo re  te s tin g , an d  
X 4  =  w o rk  o u tp u t. T he  ob jec tive  is to p rio ritize  the w e ig h ts  a sso c ia te d  w ith  
th e se  fa c to rs  an d  d e te rm in e  the co rresp o n d en ce  b e tw een  th ese  w e ig h ts  a n d  th e ir  
re p re se n ta tio n  in  th e  m u ltip le  reg ressio n  m o d e l as p red ic to rs  o f  ea c h  m e a su rin g  
m e th o d , i.e. C F F (u p - and  dow n- m easu rem en t) and  re a c tio n  tim e  ( lig h t an d  
so u n d  s tim u li) . M e th o d s  o f  analysis (W ang , S h arit and  D ru ry , 1986; K itti  
In ta ra n o n t a n d  V an w o n te rg h em , 1993) are d esc rib ed  as fo llo w s  :

1. T ran sfo rm in g  m eans o f  each  m e a su rem en t to  Z -v a lu e  (s ta n d a rd  
n o rm a l v a ria b le ).

2. D eriv in g  a co effic ien t fro m  a lin e a r  re g re ss io n  a n a ly s is  o f  e a c h  
fa c to r  fo r  e a c h  m e a su rin g  m ethod .

3. C o n s tru c tin g  a m atrix  A  (4x4) o f  w h ic h  e lem en ts  ay  =  Cj/cj 
in d ic a te  th e  re la tiv e  co e ffic ien t w ith  w h ic h  fa c to r (i) d o m in a te  to  fa c to r  (j). 
T h e  g e n e ra l fo rm  o f  the  m a trix  A is

_  ร R S p  O p
ร a l l a 1 2 a 13 a 14
R a 2 1 a 2 2 a 23 a24
S p a3 1 a32 a33 a34
O p __ a41 a42 a43 a44 _
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w h e re ร =  S h ift 
R  =  R e s t a llow ance
S p  =  S leep in g  hours on  the  day  b e fo re  te s tin g  
O p  =  W o rk  o u tpu t
ajj =  T h e  re la tiv e  c o e ffe c ie n t w ith  w h ic h  f a c to r  ( i)  d o m in a te s  

to  fa c to r  (j)

4. C a lc u la tin g  an  e igenvec to r (พ ) and  th e  la rg e s t o b se rv ed  
e ig e n v a lu e  w h ic h  sa tisfie s  A w  =  Lm axw - T h is eq u a tio n  is th e  d e fin itio n  o f  a 
m a tr ix  o p e ra tio n , A w  =  n w , w here  ท =  an  e igenvalue . T h is  s tu d y  em p lo y s  a 
M A T H C A D  c o m p u te r  pack ag e  to so lve fo r L m ax  and  พ .

5. C o n s tru c tin g  a d ec isio n  set, D =  fa tigue  leve l, b y  se lec tin g  fo r  
e a c h  fa c to r  th e  la rg e s t m em b ersh ip  value in any  o f  the m e a su rin g  m e th o d  :

D =  A 1 U  A 2  u  A 3  u  A 4

A I =  the decreasing  freq u en cy  o f  C F F -U P  
A 2  =  the  decreasing  freq u en cy  o f  C F F -D O W N  
A 3  =  th e  in creasin g  resp o n se  tim e o f  L IG H T  
A 4  =  the  increasing  resp o n se  tim e o f  S O U N D

6 . M ak e  an  op tim al d ec isio n  by  se lec tin g  th e  a lte rn a tiv e  w ith  th e  
h ig h e s t  m e m b e rsh ip  in  D.

B y  n o rm a lz in g  the e igenvecto r, th e  a p p ro p ia te  v a lu e s  in  te rm s 
o f  m e m b e rsh ip  fu n c tio n s  are obtained.
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