
C H A P T E R  V

C O N C L U S IO N S  A N D  R E C O M M E N D A T IO N S

C o n c lu s io n s

T h e  a im  o f  th is  s tudy  is to in v estig a te  re sp o n ses  o f  w o rk e rs  w h o  
p e rfo rm  a n  in sp e c tio n  task  th ro u g h o u t a w o rk in g  day. T h e  s tu d y  is d one  to  
a sse ss  m e n ta l fa tig u e  b e tw e e n  tw o shifts, m o rn in g  and  n ig h t sh ift, an d  p a c e d - 
c o n d itio n  w ith  tw o  ty p es o f  rest a llow ances. In ten sity  o f  m e n ta l fa tig u e  w as 
d e te rm in e d  fro m  th e  m easu rem en ts  o f  c ritica l flick e r fu s io n  fre q u e n c y  (C F F ), 
re a c tio n  tim e  an d  se lf-sca lin g  questionnaire . W o rk  o u tp u t w a s  a lso  re c o rd e d  
as an  in d ic a to r  fo r  in sp ec tio n  perfo rm an ce, and  sleep in g  h o u rs  on  th e  day  
b e fo re  te s tin g  as an  ex te rn a l stress. F u zzy  se t th eo ry  is a p p lie d  to  d e te rm in e  
th e  s ig n if ic a n t e ffec ts  o f  the co n tribu ting  fac to rs  to m en ta l fa tig u e  lev e ls . In  
a d d itio n , the  te c h n iq u e  o f  e lec tro m y o g rap h y  and  h ea rt ra te  are  u se d  to  id e n tify  
cu m u la tiv e  p h y s ic a l an d  m en ta l fa tigue due to p ro lo n g ed  w o rk in g  h our.

T h e  co n c lu s io n s  d raw n  from  th is s tu d y  can  be su m m a riz e d  as fo llo w ed :
1. W o rk e rs ' re sp o n ses , i.e. C FF  and  reac tio n  tim e, sh o w  a sig n  o f  

in c re a se d  m e n ta l fa tig u e  and  decreased  in sp ec tio n  p e rfo rm a n c e , i.e . w o rk  
o u tp u t. T h is  is p a rtic u la rly  true because  m en ta l fa tig u e  w ill in d u c e  w o rk  
p e rfo rm a n c e .

R e su lts  fro m  E M G  m easu rem en ts, as an in d ic a to r  o f  p h y s ic a l 
fa tig u e , c o rre sp o n d  to  o th er studies (A stran d  and  R o d ah l, 1986; B a id y a  and  
S tev en so n , 1988). T h a t is, h ig h  E M G  signal re su lts  fro m  h ig h  w o rk  lo a d  (m an y  
d e fec ts  o r m a n y  co rrec tio n s).

2. B y  co m p a rin g  m ental fa tigue  o f  w o rk ers b e tw e e n  tw o  sh ifts  an d  
tw o  ty p e s  o f  re s t  a llo w an ces, the tren d  o f  m en ta l fa tigue  fo r  m o rn in g sh ift is 
lo w e r  th a n  n ig h t sh if t and  th a t fo r ex istin g  a llo w an ce  ( R l )  is  h ig h e r  th a n  th e  
re a rra n g e d  o n e  (R 2). M oreover, the w ork  o u tp u t in  m o rn in g  sh if t  an d  R 2  are  
h ig h e r  th a n  th a t  in  n ig h t sh ift and R l .

S im ila r  re su lts  o f  shift are d em o n stra ted  by  C h a iy o s  K u n a n u so n th i 
e t al (1 9 8 9 , q u o te d  in  C h artch a i U sad o m sak , 1993) th a t w o rk in g  in  n ig h t sh ift 
lo w e re d  w o rk in g  e ffic ien cy  due to the  n eed  o f  re g u la r  cy c le s  o f  s leep
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c o n tra s tin g  w ith  th e  u n n a tu ra l w ork ing  tim e. In  con trast, C h a rtc h a i U sa d o m sa k  
(1 9 9 3 ) re p o r te d  th a t n ig h t sh ift w ork  h ad  lo w er fa tigue  lev e l th a n  m o rn in g  sh ift 
b e c a u se  o f  th e  fle x ib ility  o f  w ork  con tro l and  w o rk  sp eed  th a t  led  to  th e  lo w e r 
w o rk  o u tp u t.

T h e  re su lt  o f  re s t a llow ance is su p p o rted  b y  a s tu d y  o f  D u l, D o u w e s  
a n d  S m itt (1 9 9 1 ) on  a w o rk -rest-m o d el fo r s ta tic  po stu re . T h e y  fo rm u la te d  
so m e g e n e ra l m o d e l p re d ic tio n s  from  co m p u te r s im u la tio n s a n d  m a th e m a tic a l 
d e riv a tio n s . T h e  m o d e l p red ic ted  th a t fo r a g iven  n u m b er o f  v a riab le  w o rk - 
re s t-c y c le s  it  w as b e tte r  to  arrange cycles w ith  long  w o rk  tim es a t th e  b eg in n in g  
o f  w o rk in g .

S in ce  a w o rk er 's  da ily  o u tpu t is a lw ays m o re  th a n  th e  d a ily  ta rg e t se t 
b y  th e  m a n a g e m e n t, th e  in tro d u c tio n  o f  the n e w  dev ice  w as , th e re fo re , n o t 
en co u rag in g . B a se d  on  the  psy ch o lo g y  th eo ry  (M cC o rm ick  an d  T iffin , 1974; 
K o n z ,1 9 8 3 ), p e o p le  w ill re s is t to changes. To change p eo p le 's  a ttitu d e , tim e  is 
a d e te rm in in g  fac to r. T h is  s tudy  has a lim ited  tim e. It is re c o m m e n d e d  th a t a 
se p a ra te  s tu d y  w ith  re g a rd  to paced  w ork  shou ld  be in itia ted .

3. T h e  re su lts  from  fuzzy  analysis show s the p rio rity  o f  th e  e ffec ts  as:
1) re s t  a llo w a n c e s , 2 ) sh ift, 3) w ork  ou tput, 4) sleep  h o u rs  o n  th e  day  b e fo re  
te s tin g , re sp e c tiv e ly . T he  resu lts  com ply  w ith  those  o f  C h a rtc h a i U sa d o m sa k  
(1 9 9 3 ) th a t  fac to rs  a ffec ted  to w orkers in  san ita ry  w are  fa c to ry  w ere  tasks, 
sh ift, w o rk  o u tp u t, age, b o d y  w eight, env iro n m en ta l te m p e ra tu re  a n d  sleep  
h o u rs  b e fo re  te s tin g  day, resp ec tiv e ly . T h is fin d in g  w ill h e lp  th e  m a n a g e m e n t 
to  a m e lio ra te  w o rk in g  co n d itio n s by  co n sid erin g  the m o st e ffe c tiv e  fa c to rs  as 
th e  f irs t  p rio rity .

4. T e c h n iq u e  o f  E M G  and h ea rt ra te  illu stra te  a d e v e lo p m e n t o f  fa tig u e  
th ro u g h  lo n g  w o rk in g  perio d , though  th ere  is som e re c o v e ry  a f te r  h o lid ay . 
M o re o v e r, E M G  sh o w s red u c e d  m uscle  e ffic ien cy  th ro u g h  th e  w o rk  p e r io d  (4 
w eek s  o f  o b se rv a tio n ).

5. C F F  an d  re a c tio n  tim e, as appears in  h y p o th e s is  te s t  o f  fa tig u e  
a p p e a ra n ce , c sn  b e  p o s tu la te d  to be due to  m en ta l fa tig u e . B u t th e n  , in  
c o m p a riso n  te s t o f  fa tig u e  on each fac to rs, th e  s ta tis tica l a n a ly s is  is n o t c lea r 
b e c a u se  o f  lim its  o f  sam ple  size. T his re sea rch  stud ies m e n ta l fa tig u e  o f  an 
in sp e c tio n  ta sk  w h ic h  is a cogn itive  task  req u irin g  a h ig h  v ig ilan ce . T h e re fo re , 
it is re c o m m e n d e d  th a t C FF , w h ich  re flec ts  ac tiv ity  o f  v isu a l sy s te m  fro m
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re c e p to rs  to  co rtex , is th e  m ost effective  c rite rio n  fo r  m en ta l fa tig u e  e v a lu a tio n  
in  th is  w o rk  s itu a tio n .

In  p rin c ip le , C F F  on befo re- and  afte r- w o rk  m e a su re m e n t can  d rop  
lo w e r  th a n  1 H z. C o n seq u en tly , it is n ecessa ry  to o b ta in  a v a lu e  o f  ten th s . T hus, 
an  o sc illo sc o p e  w as co n n ec ted  to the C F F  ap p ara tu s in  o rd e r to  g e t th a t v a lu e .

R e c o m m e n d a tio n s  fo r  F u tu re  R esearch

1. W o rk  o u tp u t cou ld  be in c reased  by  su itab ly  re a rran g in g  re s t 
a llo w an ce . L o n g e r w o rk  cycle at the  beg in n in g  o f  th e  w o rk  sh if t is 
re c o m m e n d e d . In d u stria l eng ineering  tech n iq u e  sh o u ld  b e  in tro d u c e d  to 
im p ro v e  p ro d u c tiv ity . T his is because , from  the รณdy, fa tig u e  lev e l o f  th e  
w o rk e r  is s till m a n a g e a b le  .

2. T h e  fu r th e r  รณdy o f  m ach in e -p aced  sy stem  is w o rth w h ile  to  b e  
ta k e n  o v e r as a sep a ra te  รณdy. P articu la rly  in  th e  case  w h e n  q u a n tity  o f  e rro rs  
co u ld  b e  d e te c te d  o r im p ro v ed  b efo re  arriv ing  at the  fm a l in sp e c tio n , o r the  
c o rre c tio n  a c tiv ity  co u ld  be done in  o th er p lace  th an  the in sp ec tio n .

3. T h e  re su lt  show s very  in te restin g  co n c lu sio n , th e  n u m b e r  o f  su b je c t 
in  m e a su r in g  E M G  an d  h ea rt rate  w as very  sm all, i.e. o n ly  o n e  su b jec t, d u e  to 
te c h n ic a l a n d  o rg an iza tio n a l p roblem . T h erefo re , s ta tis tica l in fe re n c e  c a n n o t be  
c o n c lu d e d  in  a m ean in g fu l w ay  (T ab le  4 .8a, 4 .8b  and  4 .9 ). T h u s, m o re  
re s e a rc h  is n e e d e d  to  see w h eth er the sig n ifican ce  w ill ch an g e  in  a re le v a n t 
d ire c tio n  i f  m o re  su b jec ts  are tested.

4. T h e  ap p lic a tio n  o f  fuzzy  set th eo ry  is ab le  to  a n a ly ze  su ch  co m p le x  
e rg o n o m ic s  sy stem , th e re fo re  m ore ex p erim en t re sea rch es  sh o u ld  be c a rr ie d  o u t 
to  e x p lo re  th e  a p p lic a tio n  in  the analysis o f  th is field.

5. C F F , re a c tio n  tim e and su b jec tive  ra tin g  sh o u ld  b e  m e a su re d  as 
fre q u e n tly  as p o ss ib le  to u n d erstan d  p a tte rn  o f  th e  ev o lu tio n  o f  m e n ta l fa tig u e  
th ro u g h o u t w o rk in g  day.

6 . T h e  su b jec tiv e  ra ting  shou ld  be m easu red  ev ery  h o u r  o r so  in  
p a ra lle l to  E M G  an d  h e a r t ra te  for co n firm a tio n  in  th e  ex p e rim e n ta l re su lts .
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