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ABSTRACT 

T h i s  paper  summarizes r e c e n t  r e s u l t s  ob ta ined  i n  i n s p e c t i o n  s t u d i e s  
i n c l u d i n g  s e v e r a l  s t u d i e s  performed by t h e  a u t h o r s .  Both s t a t i c  and 
dynamic v i s u a l  i n s p e c t i o n  t a s k s  are inc luded .  Based on  t h e s e  r e s u l t s ,  
a proposed new i n t e g r a t e d  d e s i g n  procedure f o r  i n s p e c t i o n  t a s k s  t h a t  
w i l l  approach t h e  opt imal  d e s i g n  has  been  formula ted .  The review o f  
r e c e n t  r e s e a r c h  r e s u l t s  i n c l u d e s  t h e  f o l l o w i n g  pr imary v a r i a b l e s :  
t h e  speed o f  t h e  i t e m  p a s s i n g  t h e  i n s p e c t o r ,  t h e  spac ing  of i t ems ,  
t h e  percentage  of d e f e c t i v e  i t e m s ,  t h e  i l l u m i n a t i o n  l e v e l ,  t h e  con- 
t r a s t  between t h e  i t e m  b e i n g  inspec ted  and t h e  background, and t h e  
e f f e c t i v e n e s s  of i n d i v i d u a l  v e r s u s  group i n s p e c t i o n .  The a u t h o r s  have 
used t h e i r  r e s e a r c h  r e s u l t s  i n  combinat ion w i t h  t h e  r e s u l t s  i n  t h e  
l i t e r a t u r e  t o  formula te  new i n t e g r a t e d  procedures  f o r  d e s i g n i n g  
i n s p e c t i o n  s t a t i o n s  and job  procedures .  The a u t h o r s  have a l s o  
analyzed t h e  e f f e c t s  o f  i n s p e c t o r  performance on t h e  o v e r a l l  q u a l i t y  
c o n t r o l  p lans  a l r e a d y  i n  u s e  i n  i n d u s t r y .  The economic e f f e c t s  o f  
changes i n  i n s p e c t o r  performance which r e s u l t  from r e d e s i g n  of t h e  
i n s p e c t i o n  t a s k  a r e  then  demonstrated a s  a p a r t  o f  t h e  o v e r a l l  d e s i g n  
procedure .  

INTRODUCTION 

The t o p i c  o f  v i s u a l  i n s p e c t i o n  h a s  been of  
i n t e r e s t  t o  human f a c t o r s  e n g i n e e r s  f o r  many y e a r s  
a s  evidenced by t h e  number of papers  publ i shed  and 
presented  i n  t h i s  a r e a .  A s i g n i f i c a n t  i n c r e a s e  
i n  t h e  number of  product  l i a b i l i t y  c a s e s  where 
damages were assessed  a g a i n s t  t h e  manufac turer  h a s  
r e s u l t e d  i n  a review of  t h e  i n s p e c t i o n  procedures  
fol lowed by t h e s e  companies (Levy, 1973). An e r r o r  
made by a n  i n s p e c t o r  r e s u l t s  i n  a c o s t  t o  t h e  company, 
r e g a r d l e s s  of  whether a d e f e c t i v e  product  i s  shipped 
o r  a good i t e m  i s  c l a s s i f i e d  a s  d e f e c t i v e  and scrapped.  
This  paper  i s  an a t t e m p t  t o  p r e s e n t  an approach f o r  
improving e x i s t i n g  i n s p e c t i o n  systems and a l s o  t h e  
d e s i g n  of  new systems. The approach i s  p r e s e n t e d  a s  
a s t e p - b y - s t e p  procedure  i n  t h e  f o l l o w i n g  s e c t i o n s ,  
w i t h  t h e  r e l e v a n t  l i t e r a t u r e  c i t e d  i n  each s e c t i o n .  

MEASURING INSPECTOR PERFORMANCE 

I n  o r d e r  t o  improve v i s u a l  i n s p e c t i o n  performance,  
it i s  f i r s t  necessary  t o  be  a b l e  t o  measure i n s p e c t i o n  
performance under t h e  e x i s t i n g  c o n d i t i o n s .  Hoag (1973) 
has  presented  an approach f o r  t h e  measurement o f  b o t h  
Type I and Type I1 i n s p e c t o r  performance on t h e  
product ion  f l o o r .  H e  a rgues  t h a t  t h e  e v a l u a t i o n  o f  
i n s p e c t o r  performance on t h e  p r o d u c t i o n  f l o o r  i s  
s u p e r i o r  t o  t h e  u s e  of l a b o r a t o r y  tests f o r  t h i s  
purpose. He a l s o  p r e s e n t s  a procedure  f o r  de te rmining  
t h e  sample s i z e  necessary  t o  e v a l u a t e  t h e  a and f l  
i n s p e c t o r  e r r o r s  f o r  a g iven  l e v e l  of  p r o f i c i e n c y ,  
r e g a r d l e s s  of whether a l a b o r a t o r y  o r  product ion  
f l o o r  e v a l u a t i o n  i s  performed. The procedure  i s  
based on  a s e q u e n t i a l  tes t  of  h y p o t h e s i s  and i s  shown 
t o  r e s u l t  i n  t h e  l e a s t  c o s t  of  any procedure a v a i l -  
a b l e  f o r  t h i s  purpose.  A summary of t h i s  procedure  
i s  presented  i n  Appendix A. M u r r e l l  (1965) c i tes  
a numer of  s t u d i e s  r e l a t i n g  t o  i n s p e c t o r  e f f i c i e n c y ,  
b u t  t h e  method used t o  e v a l u a t e  p r o f i c i e n c y  i s  n o t  
presented  i n  d e t a i l .  

Other  i n v e s t i g a t o r s  have employed an i n f o r m a l ,  
"downstream" type  of  secondary i n s p e c t i o n  t o  e v a l u a t e  
i n s p e c t o r  performance w i t h o u t  u s i n g  a formal  procedure  
t o  e s t a b l i s h  t h e  p r e c i s i o n  of t h e  measurement. 

I n  some i n s t a n c e s  i n s p e c t i o n  performance h a s  
been measured by u s i n g  a group o f  "sen ior"  
i n s p e c t o r s  t o  e v a l u a t e  t h e  o t h e r  i n s p e c t o r s '  
performance. 

The c h o i c e  of a method t o  b e  used f o r  e v a l -  
u a t i n g  i n s p e c t o r  performance w i l l  depend on t h e  
fo l lowing  c o n s i d e r a t i o n s  : 

1. The l a b o r  r e l a t i o n s  procedure  s p e c i f i e d  by 
a union  c o n t r a c t  f o r  d e a l i n g  w i t h  poor 
i n s p e c  t o r s .  

2 .  The economic c o s t  of  a n  i n s p e c t o r  commit- 
t i n g  a Type I o r  Type I1 e r r o r .  

3. The t i m e  a v a i l a b l e  and t h e  c o s t  o f  measur- 
ing  i n s p e c  t o r  performance. 

It w i l l  sometimes be  found t h a t  i n s p e c t o r  
performance i s  adequate  and no f u r t h e r  a c t i o n  i s  
necessary  a f t e r  t h e  measurement h a s  been f i n i s h e d .  
However, t h e r e  is o f t e n  a n  i n d i c a t i o n  o f  poor 
performance. Hoag, Cochran and Oates (1971) 
r e p o r t e d  an i n s p e c t o r  d e t e c t i o n  p r o f i c i e n c y  o f  
38% t o  27%, w h i l e  M u r r e l l  (1965) c i t e s  a n o t h e r  
s t u d y  where t h e  i n s p e c t o r  p r o f i c i e n c y  ranged from 
32% t o  65%. I n  t h e  fo l lowing  s e c t i o n s ,  it w i l l  
be  assumed t h a t  t h e  o b j e c t i v e s  o f  improving 
i n s p e c t o r  performance i n  e x i s t i n g  systems o r  t h e  
d e s i g n  of a new system a r e  t o  b e  s a t i s f i e d .  

IDENTIFYING CAUSE(S) OF UNSATISFACTORY 
INSPECTOR PERFORMANCE 

I f  i t  i s  determined from a n  assessment  o f  
i n s p e c t o r  performance t h a t  t h e  p r o f i c i e n c y  i s  
less t h a n  d e s i r e d ,  i t  i s  t h e n  necessary  t o  i d e n t i f y  
t h e  c a u s e ( s )  of t h e  u n s a t i s f a c t o r y  performance. An 
i n i t i a l  a t t e m p t  should be  made t o  a s s i g n  t h e  
p r i n c i p a l  c a u s e  of  poor performance t o  one of  
t h e  fo l lowing  t h r e e  g e n e r a l  areas: 

1. I n s u f f i c i e n t  t r a i n i n g  o r  m o t i v a t i o n  of  t h e  
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inspec tor .  

2 .  An inherent i n a b i l i t y  of t h e  inspector t o  
sense the  information necessary t o  c l a s s i f y  
a product as good o r  de fec t ive  f o r  c e r t a i n  
items. 

A v ig i lance  decrement of the  inspector a s  
a function of the  inspec t ion  task  t i m e  
i n t e rva l .  

3. 

The authors have observed t h a t  many inspector 
e r ro r s  a r e  the r e s u l t  of f au l ty  t r a in ing  and r e -  
t r a in ing  of inspectors.  A common problem i s  the  
f a i l u r e  t o  provide the inspector with an es tab l i shed  
norm f o r  a defec t ive  item which can be r e fe r r ed  t o  
a s  o f t en  a s  needed by the  inspector.  These norms 
may be i n  the  form of samples of good and defec t ive  
products, audio-visual presenta t ions  of de fec t ive  
and good items, or simply a t ape  recorded o r  wr i t t en  
desc r ip t ion  of good and bad i t e m .  

The tendency f o r  inspec tors '  concept of a 
defec t ive  item t o  vary over t i m e  requi res  t h a t  a 
r e - t r a in ing  program be used r egu la r ly  with inspec tors .  

The motivation of inspec tors  i s  a complex 
problem which cannot be d e a l t  with adequately i n  a 
paper of t h i s  scope. 
t o r s  need t o  know the  importance of t h e i r  work t o  
t h e  co r rec t  functioning of the  product. 
t r a in ing  and supervision can he lp  t o  motivate 
inspec tors  a s  wel l  a s  monetary o r  o ther  types of 
incent ives  . 

But a t  a minimum, t h e  inspec- 

Proper 

I f  t h e  t r a in ing  and motivation of inspec tors  is 
successfu l ly  completed and performance s t i l l  i s  
inadequate, then a t t en t ion  must be given t o  the  
reasons f o r  poor performance as  s t a t ed  i n  items ' 

(2) and (3) above. The two broad areas  of po ten t i a l  
problems a r e  considered i n  the  next two sec t ions .  

TASK AND INSPECZOR VARIABLES RELATED To THE 
PERCEPTION OF DEFECTS 

The inspec t ion  t a sk  may be considered a reward 
f o r  good production-line performance i n  some 
indus t r i e s  and t h i s  s e l ec t ion  procedure may r e s u l t  
i n  persons with l e s s  than 20-20 s t a t i c  v i sua l  acu i ty  
being assigned a s  inspectors.  
inspec tor ' s  v i sua l  acu i ty  may appear t o  be  obvious, 
t he  authors have observed t h a t  t h i s  i s  a r e l a t i v e l y  
frequent cause of poor inspector performance. It 
has been shown by Burg and Hulbert (1959) t h a t  
dynamic v isua l  acu i ty  may not be r e l a t ed  t o  o ther  
v i sua l  s k i l l s  such a s  s t a t i c  acui ty ,  so i t  i s  
important t o  d i s t ingu i sh  between t a sks  t h a t  r equ i r e  
s t a t i c  acui ty  versus those t h a t  r equ i r e  dynamic v i sua l  
acu i ty  and t e s t  t he  inspector accordingly. 

While the  t e s t i n g  of an 

After determining t h a t  t he  inspec tors  possess a t  
l e a s t  20-20 s t a t i c  v i sua l  acu i ty ,  the  next s t e p  i n  
improving the  process i s  an evaluation of t he  task  
var iab les  and the  re-design of t h e  inspection task  
as  required.  
model developed t o  d a t e  (Cochran, Purswell and 
Hoag, 1973) f o r  dynamic v isua l  inspec t ion  tasks  
o f f e r s  some ins ight  i n t o  the  r e l a t ionsh ip  of the  
primary task  var iab les .  The var iab les  studied were: 

The most comprehensive experimental 

1. Contrast  between defec t  t o  be  detected and 
background o f  t h e  i t e m  

I l lumina t ion  of i t e m  being inspected 

Time t o  view the  item being inspected 

2. 

3. 

4. Angular ve loc i ty  of i tem a s  it passed 
before an inspector 

The r a t e  of change of t he  v i sua l  angle a s  
t h e  i tem passed before the  inspec tor  

Through the  use of response sur face  method- 
ology the  combined e f f e c t s  of these f i v e  var iab les  
were studied. The two va r i ab le s  found t o  be 
dominant i n  determining inspector performance were 
i l lumina t ion  and con t r a s t .  An i l lumina t ion  l eve l  
of approximately 100 footlamberts was found t o  
produce peak inspector performance, with l eve l s  
of i l lumina t ion  a t  higher values producing a 
performance decrement. The decrement i n  performance 
was not appreciable (approximately two percent) 
f o r  a range of 75-115 footlamberts of i l lumination. 
Thus, i f  t he  i l lumina t ion  l eve l  i s  i n  t h i s  range 
and the  co lor  spectrum of the  source is sa t i s f ac to ry ,  
i l lumina t ion  can be  eliminated as a po ten t i a l  
problem area .  

5. 

A con t r a s t  l eve l  of a t  l e a s t  60 percent was 
found t o  be necessary f o r  approaching the  optimal 
l eve l  of inspector performance. Since t h i s  task  
var iab le  i s  more d i f f i c u l t  t o  cont ro l  than 
i l lumina t ion  l eve l  f o r  most inspec t ion  t a sk  
designs,  it is  o f  i n t e r e s t  t o  consider t he  i n t e r -  
ac t ion  of i l lumina t ion  and cont ras t .  Blackwell 
(1959) had found t h a t  t he  e f f e c t s  of decreases 
i n  one of these two var iab les  on inspection per- 
formance could be overcome by an increase  i n  the 
other variable.  However, t h i s  r e s u l t  was mst 
pronounced a t  low l eve l s  of con t r a s t  and 
i l lumina t ion  (one percent con t r a s t  and i l lumina t ion  
l eve l s  of one footlambert  o r  l e s s ) ,  and d id  not 
e x i s t  a t  t h e  higher l eve l s  which were tes ted  by 
Blackwell (1959) o r  Cochran, Purswell and Hoag 
(1973). For i l lumina t ion  l eve l s  usua l ly  found f o r  
inspection tasks  i n  indus t ry  (50-100 footlamberts),  
t he re  i s  probably l i t t l e  which can be  accomplished 
by increasing i l lumina t ion  l eve l s  to overcome 
problems of poor cont ras t .  

The var iab le  of t i m e  t o  view an i t e m  as  i t  
passes an inspector on a conveyor w i l l  probably 
not have a s ign i f i can t  e f f e c t  on performance i f  
t h e  time t o  view i s  a t  l e a s t  0.5 seconds f o r  simple 
tasks .  Graham and Cook (1941) and Niven and Brown 
(1949) found time t o  view i n  s t a t i c  v i s u a l  acu i ty  
tests had an e f f e c t  on performance i n  t h e  range of 
0.1 to  0.2 seconds, bu t  not a th ighe r  leve ls .  
Cochran, Purswell and Hoag (1973) found t h a t  
inspec t ion  performance was s ign i f i can t ly  
a f fec ted  f o r  a viewing time of 0.25 seconds, 
bu t  not a t  a l eve l  of 0.50 seconds. Thus, t he  
time t o  view may possibly be reduced t o  less than 
0.5 seconds without a f f ec t ing  performance, bu t  
l eve l s  of 0.25 seconds o r  less a r e  l i k e l y  t o  
a f f e c t  inspector performance s ign i f i can t ly .  

Angular ve loc i ty  w a s  found by Ludvigh and 
Miller (1949, 1954, 1955, 1958) i n  t h e i r  numer- 
ous s tud ie s  t o  have a s i g n i f i c a n t  e f f e c t  on 
performance i n  t h e  range of 10 t o  170 degrees 
per second. However, f o r  most inspec t ion  t a sks ,  
t he  range of angular ve loc i ty  i s  probably going 
to  be  10-30 degrees per second, and l i t t l e  change 
i n  performance was found f o r  t h i s  range of values. 

Rate of change of t h e  v i sua l  angle was found 
t o  have a s i g n i f i c a n t  e f f e c t  on inspector per- 
formance as  i t  in te rac ted  with angular ve loc i ty  
(Cochran, Purswell and Hoag, 1973). This r e s u l t  
suggests t h a t  more research i s  necessary t o  
inves t iga t e  t h i s  var iab le ,  and t h a t  it may he lp  
t o  expla in  some of the problems a s  presented by 
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Nelson and Barany (1969) i n  p r e d i c t i n g  whether a 
person w i l l  be  a good i n s p e c t o r  by us ing  a dynamic 
v i s u a l  a c u i t y  t e s t .  The o v e r a l l  problem may be  
viewed a s  one of t h e  geometry of  t h e  i n s p e c t i o n  
poin t  i n  r e l a t i o n  t o  t h e  path t r a v e l e d  by i tems  a s  
they move p a s t  t h e  inspec tor .  

The environmental v a r i a b l e s  of n o i s e  and 
temperature  have been shown t o  a f f e c t  performance 
above c e r t a i n  l e v e l s ,  b u t  no comprehensive s t u d i e s  
of t h e s e  v a r i a b l e s  a s  r e l a t e d  t o  i n s p e c t o r  per-  
formance have been found by t h e  au thors .  
C r i t e r i a  Document f o r  Occupat ional  Exposure t o  Hot 
Environments (1972) p r e s e n t s  d a t a  i n d i c a t i n g  t h a t  
t h e  environmental temperature  should not  exceed 
87' F on t h e  WBGT s c a l e  f o r  unimpaired mental 
performance f o r  an exposure t ime of 240 minutes. 
This value may be viewed a s  an approximate guide-  
l i n e  f o r  t h e  upper temperature  l i m i t  i n  des igning  
i n s p e c t i o n  t a s k s ,  b u t  more r e s e a r c h  needs t o  b e  
done i n  t h i s  a r e a  f o r  i n s p e c t i o n .  There i s  very 
l i k e l y  t o  be  an i n t e r a c t i o n  of  environmental t e m -  
p e r a t u r e  and v i g i l a n c e  which would sugges t  t h a t  a 
lower temperature  l e v e l  could be economically 
j u s t i f i e d  f o r  an i n s p e c t i o n  s t a t i o n .  

The NIOSH 

It  should a l s o  be  noted t h a t  t h e  NIOSH C r i t e r i a  
Document recommends a set of work p r a c t i c e s  t o  be  
followed when t h e  environmental temperature  exceeds 
76' F f o r  women and 79O F f o r  men a s  measured on 
t h e  WBGT s c a l e .  These va lues  a r e  probably more 
acceptab le  a s  l i m i t s  f o r  environmental temperature  
i n  des igning  i n s p e c t i o n  tasks  than  t h e  87' F WBGT 
l e v e l .  

Carpenter  (1962) has  shown t h a t  n o i s e  can have 
an a f f e c t  on performance f o r  i n s p e c t i o n  t a s k s  when 
performance on o t h e r  r e p e t i t i v e ,  wel l -prac t iced  
assembly t a s k s  w i l l  not  be a f f e c t e d  a t  t h e  same 
noise  l e v e l .  The n o i s e  l e v e l  a t  t h e  i n s p e c t i o n  
s t a t i o n  d e f i n i t e l y  should not  exceed t h e  OSHA 
s tandard  of  90  dbA u n l e s s  personal  hear ing  
p r o t e c t i o n  i s  provided. I n  g e n e r a l ,  i t  i s  l i k e l y  
t h a t  t h e  noise  l e v e l  f o r  optimum i n s p e c t i o n  p e r -  
formance should not  exceed 80-85 dbA, b u t  more 
research  needs t o  be done i n  t h i s  a rea .  

Af te r  cons ider ing  t h e  t a s k  and environmental 
v a r i a b l e s  a s  presented f o r  des igning  o r  re -des igning  
an i n s p e c t i o n  t a s k ,  t h e  p r i n c i p a l  concern remaining 
t o  be addressed is t h a t  of  v ig i lance .  The next  
s e c t i o n  presents  t h i s  m a t e r i a l .  

VIGILANCE AND INSPECTION PERFORMANCE 

It has  been known f o r  y e a r s  t h a t  cont inuous 
performance on v i g i l a n c e  t a s k s  l e a d s  t o  a degraded 
performance a f t e r  a s  s h o r t  a per iod  a s  one-half  
an hour. Mackworth (1948, 1950) showed t h a t  f o r  a 
two hour  v i g i l a n c e  s tudy t h e  e r r o r  r a t e s  f o r  t h e  
four  one-half  hour per iods  were 15.7%, 25.8%, 26.8% 
and 28.0%, and i n  a second s tudy c o n s i s t i n g  of  one 
hour of observa t ion  t h e  e r r o r  r a t e s  were 24.2% 
and 30.4%. Hoag, Cochran and Oates  (1971) repor ted  
a c t u a l  product ion f l o o r  d a t a  on v i s u a l  i n s p e c t i o n  of 
metal  p a r t s .  The range of  i n s p e c t i o n  e r r o r s  a s  a 
f u n c t i o n  of time was 5.3% t o  12.0% w i t h i n  a two 
hour per iod.  Colquhoun (1959) repor ted  t h e  r e s u l t s  
shown i n  F igure  1. These a r e  c o n s i s t e n t  with t h e  
r e s u l t s  of  Mackworth and Hoag, e t  a l . ,  and provide 
a d i r e c t  comparison between one group of " inspec tors"  
which had f requent  r e s t  b reaks  and t h e  o t h e r  group 
which rece ived  no breaks.  

This decrement i n  performance can  b e  e l imina ted  
by g iv ing  t h e  i n s p e c t o r s  breaks  a f t e r  t h i r t y  minutes 
of work. It has  been shown by Mackworth (1948) t h a t  

16 - 
14 - 

12 - 

U 
0 

01 I I 1 I I I 

1 2 3 4 5 6 

Ten Minute-Periods of Test  

F i g u r e  1. Mean response f a i l u r e s  f o r  " r e s t "  and 
!'no r e s t "  groups i n  success ive  t e n -  
minute per iods  of  t e s t i n g  t ime 
(Colquhoun, 1959). 

f i v e  minute breaks  a r e  s u f f i c i e n t  and t h a t  t h e y  
do n o t  have t o  be  rest  breaks .  
r e l i e v e s  t h e  p e r c e p t u a l  and c o g n i t i v e  demands of 
t h e  i n s p e c t i o n  t a s k  appears  t o  be e f f e c t i v e  i n  
improving performance. I n  some s i t u a t i o n s  a 
f i v e  minute r e s t  b reak  a f t e r  one-half hour  of  
work i s  more economical t h a n  t h e  more t r a d i t i o n a l  
schedule  of rest breaks  i n  i n d u s t r y .  

Any a c t i v i t y  which 

To i l l u s t r a t e  t h e  economics of f requent  breaks ,  
a n  example based on d a t a  ga thered  i n  an a c t u a l  
product ion  f a c i l i t y  w i l l  b e  used. 
t h a t  under t h e  t r a d i t i o n a l  system t h e  work schedule  
and performance i s :  

L e t ' s  assume 

7:30- 9:30 
9:30- 9:40 
9:40-11:30 

11: 30-12 : 00 
12:oo- 2:oo 

2:oo- 2:lO 
2:lO- 3:50 
3:50- 4:OO 

work 
break  
work 
lunch 
work 
break  
work 
wash-up t ime 

During t h e  f i r s t  h a l f  hour a f t e r  t h e  begin-  
i n g  of a s h i f t ,  a break  or  lunch,  t h e  d e t e c t i o n  
prof ic iency  i s  0.85. A t  o t h e r  t i m e s  t h e  
d e t e c t i o n  prof ic iency  i s  0.60. Under t h e  new 
system t h e r e  a r e  no 10 minute breaks ,  b u t  a 5 
minute break  i s  g iven  a f t e r  30  minutes of  work. 
The i n s p e c t i o n  r a t e  i s  12 p a r t s  per  minute. 

Table 1 s u m a r i z e s  t h e  two schedules  i n  terms 
of  t o t a l  working t ime,  working t ime a t  each 
prof ic iency  l e v e l  and t h e  requi red  sample s i z e  
f o r  each l o t  inspec ted .  A quick review of t h i s  
t a b l e  shows t h a t  under t h e  "new" schedul ing  
system 55 fewer minutes a r e  s p e n t  i n s p e c t i n g  
per  day and under t h e  t r a d i t i o n a l  schedul ing 
system 122 i t e m s / l o t  a r e  requi red  t o  compensate 
f o r  t h e  reduced prof ic iency .  Which of  t h e  
s i t u a t i o n s  i s  l e s s  d e s i r a b l e ?  One method of 
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answering t h i s  question is  t o  determine the  number 
of l o t s  inspected per day per inspec tor .  

Table 1. Comparison of the  Tradi t iona l  and New 
Scheduling Systems 

Wadi  t iona 1 New 
System System 

Total  working t i m e  450 minutes 395 minutes 

Tota l  break and wash- 
up t i m e  30 minutes 85 minutes 

de tec t ion  proficiency 120 minutes 395 minutes 

de tec t ion  proficiency 330 minutes 0 minutes 

including an addi- f o r  f i r s t  
t i o n  t o  sample s i z e  
t o  account f o r  de- then 
t ec t ion  proficiency 415 i tems/ lo t  

Time working a t  .85 

Time working a t  .60 

Required sample s i z e  293 i tems/ lo t  293 i t ems / lo t  

30 minutes, 

The number of l o t s  inspected per s h i f t  would 

I f  inspec tor  e r r o r  w a s  no t  
be  16.2 f o r  t h e  "new" schedule and 14.5 f o r  t he  
t r a d i t i o n a l  schedule. 
included, 21.7 l o t s  per day could be inspected. 
Therefore, t h e  ex is tence  of inspec t ion  e r r o r  
reduces the  work output by 33%. By changing t h e  
schedule of work and rest periods such t h a t  t he  
de tec t ion  proficiency is  increased, the  decrease 
i n  product iv i ty  i s  reduced t o  25%. When t h e  
de tec t ion  proficiency a f t e r  t h e  f i r s t  ha l f  hour 
remains above 71%, then the  t r a d i t i o n a l  scheduling 
permits m r e  l o t s  t o  be inspected and below 71% the  
new scheduling system permits more l o t s  t o  be 
inspected. 

' 

Another approach t o  eliminating t h e  v ig i lance  
e f f e c t  i n  inspec t ion  systems is  t h e  use of mul t ip le  
inspec tors ,  i . e . ,  t o  use more than one inspector 
t o  make t h e  same inspection. Schlegel,  Boardman 
and Purswell (1973) have shown t h a t  inspection 
performance ( i n  terms o t  the  number o f  de fec t ive  
i t e m s  accepted) i s  s ign i f i can t ly  improved when a 
second inspector i s  added. For t h e  th ree  ex- 
perimental  l eve l s  used i n  t h e i r  experiment, t h e  
p robab i l i t i e s  of committing a Type I1 e r r o r  f o r  a 
s ing le  inspector were 0.087, 0.159 and 0.097 
compared t o  0.0, 0.0 and 0.028 f o r  t he  two-inspector 
system. Both systems showed a decrement i n  per- 
formance with time, bu t  the  two inspec tor  system 
showed a much smaller change compared with the  
s ing le  inspector system. 

Waikar (1973) a l s o  inves t iga ted  t h e  e f f e c t  of 
mul t ip le  inspec tors  on the  outgoing qua l i ty .  
concluded t h a t  increasing t h e  number of inspec tors  
from one t o  two, and from two t o  th ree  inspec tors  
improved inspec t ion  performance by decreasing the  
number of defec t ive  i t e m s  accepted. Increasing the  
number of inspec tors  above th ree  did not improve 
t h e  performance of t ne  inspection system. 
r e s u l t  i s  shown i n  Figure 2. He fu r the r  showed t h a t  
when mul t ip le  inspec tors  a r e  used i n  a system where 
a l l  inspectors must recognize a defec t ive  item 
before  it is  r e j ec t ed ,  the  number of defec t ive  
items re jec ted  decreases a s  the  number of inspec tors  
increases.  

He 

This 

The economic j u s t i f i c a t i o n  of a mul t ip le  
inspector system can only be based on a comparison 
of t he  cos t  of i nco r rec t  inspec t ion  ( the  c o s t  of 
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F igure  2. P lo t  of Percent Defectives Rejected 
vs. Group Size  

scrapped o r  reworked good i t e m s  plus the  c o s t  of 
accepting de fec t ive  items) with the  increase  i n  
inspection cos t s .  Unfortunately, l i t t l e  work i s  
ava i l ab le  i n  the  a rea  of evaluation of t he  cos t  
of inspection e r ro r s  t h a t  i s  of a general  nature 
which can be applied t o  design of inspec t ion  
tasks.  

SUMMARY 

This paper has presented a systematic 
approach f o r  measuring and improving inspec t ion  
e f f i c i ency  based on research completed by the  
authors and o thers  over the  pas t  s eve ra l  years.  
The approach is  a l s o  use fu l  i n  the  design of 
inspection t a sks  f o r  new production systems. 
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APPENDIX A 

To e v a l u a t e  t h e  i n s p e c t o r ' s  performance,  two 
tes t s  are r u n  s imul taneous ly .  The f i r s t  i n v o l v e s  
r e j e c t i n g  good p a r t s  w h i l e  t h e  second i n v o l v e s  
a c c e p t i n g  bad p a r t s .  
were r u n  o r  they  were conducted a t  d i f f e r e n t  t i m e s ,  
a n  i n s p e c t o r  could d e f e a t  t h e  purpose o f  t h e  t es t  
by s e l e c t i n g  t h e  proper  s t r a t e g y .  For  example, 
i f  a t es t  of a c c e p t i n g  bad p a r t s  was be ing  con-  
duc ted ,  t h e  s t r a t e g y  of r e j e c t i n g  any p a r t  w i t h  
t h e  s l i g h t e s t  irnpc'rfcction would maximize t h e  
i n s p e c t o r ' s  chances of  r e c e i v i n g  a f a v o r a b l e  
e v a l u a t i o n .  

I f  on ly  one of  t h e  two tes t s  

I n  g e n e r a l  t h e  procedure  r e q u i r e s  c o l l e c t i n g  
a sample of t y p i c a l  d e f e c t i v e  p a r t s  and good 
p a r t s .  These t es t  p a r t s  a r e  intermixed wi th  
product ion  l i n e  p a r t s  b e f o r e  i n s p e c t i o n .  A f t e r  
i n s p e c t i o n  t h e  t e s t  p a r t s  a r e  examined t o  de te rmine  
i f  t h e  i n s p e c t o r  c o r r e c t l y  eva lua ted  them. The 
procedure  cont in i ies  u n t i l  t h e  s t a t i s t i c a l  tes t  i s  
completed. 

A d e t a i l e d  d isLuss ion  of  t h e  tes t  procedure  
w i t h  an examplc fall<Bws: 

1. Es tah l i s l t  ~ 1 . 6  d e s i r e d  p r o b a b i l i t y  of  
a c c e p t i n g  good product  and t h e  pro- 
b a b i l i t y  o f  r e j e c t i n g  d e f e c t i v e  product ,  
e.g., 0.80 and 0.90 r e s p e c t i v e l y .  The 
va lues  s e l e c t e d  w i l l  r e f l e c t  t h e  impor- 
t a n c e  of d e t e c t i n g  d e f e c t i v e  m a t e r i a l ,  
c o s t  o f  r e j e c t i n g  good m a t e r i a l  and 
c o s t  of conduct ing  t h e  e v a l u a t i o n .  

2.  Determine t n e  ininimum d e v i a t i o n  from t h e s e  
p r o b a b i l i t i e s  t h a t  you wish t o  d e t e c t .  
For  ex  .vp le ,  you might d e c i d e  t h a t  f o r  
t h e  pr ,>b , i l i ! i ty  o f  a c c e p t i n g  a good 
product- a change t o  0.70 i s  impor tan t  
t o  de t rn i i jne  and f o r  t h e  p r o b a b i l i t y  o f  
r e j e c t i n g  a d e f e c t i v e  product  a change t o  
0.80 i s  impor tan t .  I n  t h e  example we 
have e s t a b l i s h e d  t h e  fo l lowing  one- 
s i d e d  i z s t s :  

Type I E r r o r  T e s t  

H : p  = 0.80 = P 

H ' p  = 0.70 = P 1 1' 

Type I1 E r r o r  T e s t  

H : p  = 0.90 = P 

' p  = 0.80 = P 1 1' 

3. S e l e c t  t h e  Q l e v e l  ( p r o b a b i l i t y  of  re- 
j e c t i n g  H when H i s  t r u e )  and t h e  p 
l e v e l  ( t h z  p r o b a b y l i t y  of a c c e p t i n g  
H when H1 i s  t r u e ) .  For  our  example w e  
w P  might s e l e c t  Q = 0.10 and f l  = 0.20 
f o r  t h e  Type I e r r o r  t es t ,  and a = 0.10 
and f l  = 0.05 f o r  t h e  Type I1 e r r o r  test .  
When s e l e c t i n g  Q and p l e v e l s  ( a l s o  P 
and P ) two c o n s i d e r a t i o n s  must b e  
ba lanced:  The c o s t  of  t h e  procedure  
i n c r e a s e s  a s  p r e c i s i o n  i s  i n c r e a s e d ;  
t h e r e f o r e ,  t h e  c o s t  o f  c o l l e c t i n g  d a t a  
must b e  balanced a g a i n s t  t h e  r e q u i r e d  
p r z c l s i o n .  T o r  enampie, ciie 3 l e v e l  f o r  
t h e  Type I1 e r r o r  tes t  was decreased  t o  
0.05 from 0.20 ( i n c r e a s e d  p r e c i s i o n )  f o r  
t h e  Type I e r r o r  t e s t .  This  r e f l e c t s  a n  
increased  importance of  say ing  t h a t  
i n s p e c t o r s  a r e  performing a t  t h e  r e q u i r e d  
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l eve l  when ac tua l ly  they 
below t h i s  leve l .  This add i t iona l  prec is ion  
increases  t h e  sample s i z e  by 14 observations 
(see Step 4). 
accuracy of t h e  procedure by co l l ec t ing  
more information. 

a r e  performing 

Thus, w e  have increased t h e  

4. From Table 1* we estimate t h e  expected number 
of p a r t s  required t o  conduct t h e  study by 
obtaining t h e  sample s i z e  fo r  the appropriate 
a, 8, Po and P , then d iv id ing  by two. 
Table 1 gives $he sample s i z e  required f o r  

5 .  

6. 

7. 

8.  

9. 

t he  conventional test of hypothesis,  and 
the  sequent ia l  procedure requi res  approxi- 
mately ha l f  t he  sample s i z e  of a conventional 
t e s t .  This number of pa r t s  w i l l  be adequate 
f o r  approximately half  t h e  t e s t s .  

The maximum number of da ta  poin ts  taken 
should never exceed the  values i n  Table 1. 
For our example the  expected number of 
p a r t s  f o r  the  Type I test is  41 and f o r  t he  
Type I1 test i s  55 f o r  a t o t a l  of 96 pa r t s .  
I f  t h e  maximum number ( the  number i n  Table 1 )  
of t e s t  p a r t s  i s  ar r ived  a t  without reaching 
a conclusion, then obta in  t h e  c r i t i c a l  V' * 
values,  t h e  number of successes,  from Table 2. 
I f  t h e  number of co r rec t ly  iden t i f i ed  p a r t s  
( t he  number of successes) equals or exceeds 
these "r*' values,  accept t h e  n u l l  hypothesis;  
otherwise, r e j e c t  it. Notice tha t  by 
increasing a, 8, and/or t he  d i f fe rence  
between P and P the sample sample de- 
creases.  'In setging up a t e s t  a compromise 
must be es tab l i shed  between c o s t  of the  
t e s t i n g  and accuracy of t he  t e s t  procedure. 
Increased prec is ion  requi res  more t e s t  
par t s .  

From Table 3 determine the  r e j ec t ion  l i m i t  
( log A) and the  acceptance lidt (log B) .  
I n  t h e  example, f o r  t h e  Type I e r ro r  test 
log A = 0.90 and log B = -0.65, and f o r  t h e  
Type I1 e r r o r  test  log A = 0.98 and log B = 
-1.25. 

From Table 4 determine the  amounts t o  be 
added based on the  data.  
a = -0.06 and b = 0.18 f o r  the  Type I1 
e r ro r  test a = -0.05 and b = 0.30. 

Se lec t  from production l i n e  p a r t s  a set of 
ver i f ied  defec t ive  pa r t s  representa t ive  
of defec ts  t yp ica l ly  found a t  the  s t a t i o n  
and a ve r i f i ed  set of  acceptable par t s .  

Using a random number t a b l e ,  f o r  example, 
determine a random sequencing of test 
pa r t s .  Two sequences a r e  required: t h e  
sequencing of acceptable and unacceptable 
pa r t s ,  and t h e  sequencing of test p a r t s  
among regular  production l i n e  par t s .  The 
r a t i o  of approximately 1:3 o r  1 :2  should be 
maintained between t e s t  and the  production 
l i n e  par t s .  

After t he  test  pa r t s  have been marked so 
t h a t  members of the  evaluation team can 
iden t i fy  them without t h e  inspec tors  being 
ab le  t o  iden t i fy  them, t h e  p a r t s  a r e  moved 
t o  t h e  in se r t ion  point.  Two men a re  

I n  the  example, 

required a t  t h i s  po in t :  a mater ia l  
handler t o  place t e s t  pa r t s  on the  
l i n e  and a man t o  maintain t h e  random 
sequencing. After inspection, another 
team of two men w i l l  r e w v e  t h e  test  
p a r t s  and determine whether each was 
iden t i f  led cor rec t ly .  For each 
co r rec t ly  iden t i f i ed  pa r t  add "all t o  
t he  previous t o t a l  ( for  the  f i r s t  
pa r t  t h e  previous t o t a l  i s  zero) and 
f o r  each inco r rec t ly  iden t i f i ed  pa r t  
add "b". The t e s t i n g  procedure ends 
when both tests have reached a 
conclusion, i.e.,  t he  t o t a l s  are grea te r  
than t h e i r  respec t ive  log A ' s  o r  less 
than t h e i r  respec t ive  log B's. 

* 
Because of t he  s i z e  of Tables 1 and 2 ,  only a 

small portion of each is  shown here. 
complete t ab le s  s ee  Hoag (1973). 

For the  
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Table 1. Sample Size for a Conventional 
Test to  Evaluate Inspector 
Performance 
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Table 2 .  Cri t ica l  Number of "Successes," r ,  
for the Test to  Evaluate Inspector 
Performance 

Table 3 .  Acceptance and Rejection Limits 
for Performance Tests 

Table 4.  Amounts Added (A) When Response i s  
Correct and Amount Added ( B )  When Response 
is  Incorrect 
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