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AB STHAC T 

The i n i t i a l  i m p r e s s i o n  of e l e c t r o n i c  t r o u b l e s h o o t e r s  o f  s c h e m a t i c  
d i a g r a m s  was s t u d i e c  i n  a s e r i e s  o f  two e x p e r i m e n t s .  I n  one e x g s r i m e n t  
t h e  t i m e  a v a i l a b l e  t o  t n e  s u b j e c t s  t o  view the  i n f o r m a t i o n  was r e -  
s t r i c t e d  t o  1 2  s e c o n d s  and i n  t h e  secol id  e x p e r i m e n t  t h e  s u b j e c t s  c o u l d  
look a t  t h e  mater ia l  as  o f t e n  and as  l o n g  as  t h e y  wi shed .  The c h a r a c -  
t e r i s t i c s  o f  t h e  f i r s t  e l e m e n t  r ed rawn  were: (1) t h e  sane e l e m e n t s  
were c o n s i s t e n t l y  s e l e c t e d ,  ( 2 )  t h e  e l e m e n t  was chunked w i t h  o t h e r  e l e -  
men t s ,  ( 3 )  t h e  e l e m e n t  was i n  a b r a n c h  i n s t e a d  o f  a l o o p ,  ( 4 )  t h e  e l e -  
ment was a l o n g  t h e  e x t e r i o r  o f  t h e  e l e m e n t  and ( 5 )  tile e l emen t  was ac -  
t i v e  more o f t e n  t h a n  would be e x p e c t e d  from t h e  number o f  a c t i v e  e l e -  
ments  i n  t h e  Z i r c u i t .  

I n t r o d u c t i o n  

The o v e r a l l  p u r p o s e  o f  t h i s  e x p e r i -  
ment was t o  s t u d y  t h e  m e n t a l  e n c o d i n g  
mecnanisms u s e d  by t r o u b l e s h o o t e r s  o f  
v a r y i n g  s k i l l  l e v e l s .  Such mechanisms 
are  viewed as t h e  means b y  which t e c h -  
n i c i a n s  c o g n i t i v e l y  combine and  summa- 
r i z e  i n f o r m a t i o n  e s s e n t i a l  t o  t h e i r  
problem s o l v i n g ,  o r  e l e c t r o n i c s  t r o u b z e -  
s h o o c i n g ,  r e s p o n s i o i l i t i e s .  P r i o r  t o  
d e a l i n g  d i r e c t l y  w i t h  t h e  d e t a i l s  o f  t h e  
e x p e r i m e n t  , a f e w  p r e l i m i n a r y  comments 
on t h e  r e l a t i o n s h i p  o f  t n e s e  e n c o d i n g  
mechanisms t o  p rob lem s o l v i n g  and  t r o u -  
b l e s h o o t i n g  w i l l  b e  p r e s e n t e d .  

I n  p rob lem s o l v i n g ,  t h e  i n d i v i d u a l  
s t a r t s  w i t h  g i v e n  c o n d i t i o n s  and  u t i l i -  
z e s  a s o l u t i o n  r o u t e  t o  work toward  a 
g o a l .  It i s  c h a r a c t e r i s t i c  o f  t h e  prob-  
l e m  s o l v i n g  s i t u a t i o n  t h a t  o f  t h e s e  
th ree  e l e m e n t s  , t h e  l ea s t  v i s i b l e  and 
most d i f f i c u l t  t o  s t u d y  i s  t n e  s o l u t i o n  
r o u t e .  T h i s  s t u d y ;  t n e r e f o r e  , c o n s i -  
dered one o f  t he  i m p o r t a n t  a s p e c t s  o f  
t h e  s o l u t i o n  p r o c e s s ,  t h a t  o f  how i n -  
f o r m a t i o n  r e l a t i n g  t o  t h e  p rob lem i s  
p e r c e p t u a l l y  s t r u c t u r e d  f o r  i n t r o d u c t i o n  
i n t o  t h a t  p r o c e s s .  

The  a c t u a l  means by which t h i s  
s t a n d a r d i z e d ,  o r  encoded ,  i n f o r m a t i o n  
i s  t r a n s f o r m e d  i n  t h e  problem s o l v i n g  
s o l u t i o n  r o u t e  p r o c e s s  a re  n o t  w e l l  un- 
d e r s t o o d .  E a r l i e r ,  i t  was s u g g e s t e d  
t h a t  e l e m e n t a r y  p r o c e s s e s  a re  a r r a n g e d  
i n  a s e r i e s  o f  s t e p s ,  s i m i l a r  t o  a com- 
p u t e r  program ( N e w e l l  & Simon, 1 9 7 2 ,  
and F i s c l i h o f f ,  1975). bach  g r o u p i n g  of  

t h e  e l e m e n t a r y  p r o c e s s e s ,  o r  program, 
r e p r e s e n t s  a s e p a r a t e  t h o u g h t  s t r u c -  
t u r e .  D i f f e r e n t  Lnought s t r u c t u r e s  
c a n  t h e n  be  combined t o  form a solu- 
t i o n  r o u t e  f o r  a g i v e n  p rob lem.  Dur ing  
the  problem s o l v i n g  p r o c e s s ,  i n fo rma-  
t i o n  i n  s t a n d a r d i z e d  form i s  i n p u t  i n t o  
t h e  p rob lem s o l v e r ' s  c o g n i t i v e  f a c i l i -  
t i e s ,  where i t  i s  o p e r a t e d  on by t h e s e  
t h o u g h t  s t r u c t u r e s .  

I n  e l e c t r o n i c s  t r o u b l e s h o o t i n g ,  
t h e  t e c h n i c i a n  p r i m a r i l y  u s e s  v i s u a l  
i n p u t s  i n  g a t h e r i n g  i n f o r m a t i o n ,  a l -  
though  i n p u t s  from t o u c h ,  s m e l l  and 
h e a r i n g  are  a l s o  employed.  V i s u a l  i n -  
p u t s  come from t h e  o b s e r v a t i o n  o f  con- 
t r o l  s e t t i n g s ,  d i a l  r e a d i n g s ,  s i g n a l  
p a t h s  and  c i r c u i t  components .  Some o f  
t h e s e  i n p u t s  c a n  be p e r c e p t u a l l y  d i f f i -  
c u l t  t o  i n t e r p r e t ,  due t o  t h e  i n v i s i b l e  
n a t u r e  o f  e l e c t r i c i t y .  The p e r c e p t u a l  
s t r u c t u r e s  s e e n  by t h e  t e c h n i c i a n  re- 
p r e s e n t  t h e  i n f o r m a t i o n  i n p u t s  u sed  b y  
him i n  c o n s t r u c t i n g  h i s  p s y c h o l o g i c a l  
model o f  t h e  t r o u b l e s h o o t l n g  p rob lem.  
Those p e r c e p t u a l  s t r u c t u r e s  are made up 
o f  i n f o r m a t i o n  which h a s  been  encoded 
o r  chunked i n t o  v a r i o u s  s t a n d a r d i z e d  
f o r m a t s .  Such s t r u c t u r e s  a re  t h e n  com- 
p a t i b l e  w i t h  t h e  c o g n i t i v e  o p e r a t i o n s  
u s e d  l a t e r  i n  t h e  t r o u b l e s h o o t i n g  p ro -  
c e s s .  Fo r  a f u l l e r  d i s c u s s i o n ,  see 
Bur roughs  ( 1 9 7 9 ) .  

Scope 

T h r e e  t a s k s  w i l l  make up t h e  body 

C o p y r i g h t  (c) 1 9 8 0 ,  The Human F a c t o r s  S o c i e t y ,  I n c .  A l l  R i g h t s  Reserved.  
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of t h e  exper iment .  I n  t h e  p e r c e p t i o n  
t a s k ,  t e c h n i c i a n s  w i l l  r e c o n s t r u c t  a 
c i r c u i t  diagram whi l e  i t  remains  v i s u a l -  
l y  a c c e s s i b l e .  T h e  t e c h n i c i a n ' s  succes-  
s i v e  g l ances  at  t h e  r e f e r e n c e  c i r c u i t  
diagram w i l l  b e  used as an index  o f  
chunking. The assumpt ion  h e r e  i s  t h a t  
under t h e  c o n d i t i o n s  of t h e  exper iment ,  
t h e  t e c h n i c i a n  w i l l  encode only  one 
chunk p e r  g l a n c e ,  wh i l e  r e c o n s t r u c t i n g  
t h e  diagram (Chase & Simon, 1 9 7 3 ) .  

I n  t h e  memory t a sk ,  t n e  t e c h n i -  
c i a n s  w i l l  be asked t o  r e c o n s t r u c t  a 
c i r c u i t  diagram from memory a f t e r  a 
b r i e f  exposure  t o  i t .  The t iming  o r  
c l u s t e r i n g  i n  r e c a l l  w i l l  b e  used t o  
segment t h e  o u t p u t  i n t o  chunks.  T h i s  
t a s k  w i l l  be  u s e f u l  i n  e s t a b l i s h i n g  a 
measure of  chunking c a p a c i t y .  Here,  
t h e  t F c h n i c i a n s  w i l l  be o b l i g e d  t o  en- 
code as much in fo rma t ion  from t h e  sche-  
mat ic  as  they  can accommodate i n  one 1 2  
second v i s u a l  exposure  t o  i t .  

The impress ion  t a s k  w i l l  be a sub- 
s e t  o f  bo th  t h e  p e r c e p t i o n  and memory 
t a s k s ,  i n  t h a t  t h e  t e c h n i c i a n ' s  i n i t i a l  
e lement ,  chunked or o t h e r w i s e ,  i n  bo th  
of  t h e s e  t a s k s  w i l l  be o f  i n t e r e s t .  
Impress ion  i s  d e f i n e d  h e r e  t o  be t h e  
most c o g n i t i v e l y  dominant a s p e c t s  o f  
t h e  v i s u a l  d i s p l a y .  Thus,  i t  c o n s t i -  
t u t e s  t h e  s u b j e c t  ' s i n i t i a l  d e s c r i p t i o n  
of a v i s u a l  s t i m u l u s  (Hyman, 1976). 
Hence, t h e  f i r s t  e lement  encoded from 
each  o f  t h e s e  tasks  w i l l  be ana lyzed  i n  
an e f f o r t  t o  i d e n t i f y  c o g n i t i v e l y  out -  
s t a n d i n g  f e a t u r e s  f o r  each  c i r c u i t .  
The d e t a i l s  o f  t h e  methodology f o r  t h i s  
experiment  a r e  d e s c r i b e d  below. 

Methodology 

F i f t e e n  t e c h n i c i a n s ,  e q u a l l y  d i v i -  
ded wi th  r e g a r d  t o  t h e  t h r e e  l e v e l  
( lowes t  r a t i n g )  , f i v e  l e v e l  and seven 
l e v e l  ( h i g h e s t  r a t i n g )  A i r  Force s k i l l  
r a t i n g s  were used as  s u b j e c t s .  Ten 
c i r c u i t  diagrams from t e c h n i c a l  manuals 
and d e s i g n  handbooks were used t o  gen- 
e r a t e  t h e  s t i m u l i .  

Schematic  diagrams were used  i n  
t h e  experiment  r a t h e r  t h a n  t h e  a c t u a l  
c i r c u i t r y ,  s i n c e  schemat i c s  are t h e  
common mode of  p r e s e n t a t i o n  f o r  c i r c u i t  
i n fo rma t ion ,  and they  a re  r o u t i n e l y  
used and depended upon b y  t e c h n i c i a n s  
engaged i n  t r o u b l e s h o o t i n g  work. More- 
o v e r ,  t h e  a n a l y s i s  and r e a s o n i n g  pro-  
c e s s e s  i n  t r o u b l e s h o o t i n g  a re  more a p t  
t o  be  done u s i n g  a schemat ic  t h a n  u s i n g  
t h e  a c t u a l  c i r c u i t r y .  

T h e  s u b j e c t s  r e c o n s t r u c t e d  a l l  
c i r c u i t  schemat ics  u s i n g  on ly  a s h e e t  
of paper  and a f e l t  t i p  pen. Timing t o  

one second f o r  each  c i r c u i t  schemat ic  
r e c o n s t r u c t i o n  was ma in ta ined ,  and a l l  
r e c o n s t r u c t i o n  per formances  were video-  
t aped .  

I n  each  t r i a l  f o r  t h e  p e r c e p t i o n  
task ,  two s h e e t s  of p a p e r ,  8 1/2" x 11", 
were used ,  a l o n g  w i t h  a f e l t  t i p  pen and 
a brown mani la  f o l d e r .  The schemat ic  
t o  be used f o r  a g iven  t r i a l  was drawn 
on one o f  t h e  s h e e t s  of paper  and t aped  
t o  t h e  i n s i d e  of  t h e  man i l a  f o l d e r .  
The o t h e r  s h e e t  of  pape r ,  which was 
b l a n k ,  was t aped  t o  t h e  f r o n t  o f  t h e  
f o l d e r .  The t e c h n i c i a n  was i n s t r u c t e d  
t ha t  when t h e  s i g n a l  w a s  g iven ,  he was 
t o  open t h e  f o l d e r ,  look  a t  t h e  schema- 
t i c ,  c l o s e  t h e  f o l d e r  and redraw as  
much o f  t h e  schemat ic  as  cou ld  be remem- 
be red  o n t o  t h e  b l ank  s h e e t  of  p a p e r ,  as 
q u i c k l y  and as  a c c u r a t e l y  as  p o s s i b l e .  
He w a s  a d v i s e d  t ha t  he cou ld  g l ance  a t  
t h e  r e f e r e n c e  schemat ic  as o f t e n  as was 
r e q u i r e d  t o  complete  t h e  t a s k .  The 
f o l d e r  remained f l a t  on t h e  work s u r f a c e  
a t  a l l  t i m e s ,  and t h e  t e c h n i c i a n  s imply 
f l i p p e d  back and f o r t h  between t h e  two 
s h e e t s  of  pape r .  I n  t h i s  w a y ,  on ly  one 
s h e e t  of  paper  was v i s i b l e  a t  any g iven  
t ime ,  t he reby  r e q u i r i n g  t h e  s u b j e c t  t o  
men ta l ly  encode t h e  r e l e v a n t  c i r c u i t  i n -  
format ion .  

The procedure  used i n  t h e  memory 
t a s k  was similar t o  t h a t  used i n  t h e  
p e r c e p t i o n  t a s k .  Here,  however, t h e  
t e c h n i c i a n  w a s  a b l e  t o  view t h e  r e f e r -  
ence schemat ic  f o r  on ly  twelve  seconds .  
The t e c h n i c i a n  t h e n  redrew as much of  
t h e  r e f e r e n c e  c i r c u i t  as cou ld  be remem- 
bered on t h e  b l ank  s h e e t  of pape r  i n  
f r o n t  of  him, t a k i n g  as much t i m e  as ne- 
c e s s a r y .  

For t h e  impress ion  t a s k ,  t h e  i n i -  
t i a l  e lement  encoded i n  each  of t h e  
above two tasks was reco rded  and com- 
pared  a c r o s s  a l l  of  t h e  t r i a l s .  These 
comparisons were made i n  o r d e r  t o  high-  
l i g h t  t h e  most prominent encoding  f ea -  
t u r e s  of t h e  schemat ic  d iagrams.  The 
i n i t i a l  e lement  a s p e c t s  which were con- 
s i d e r e d  were t h e  element  i t s e l f ,  whether  
o r  n o t  i t  was chunked, i f  t h e  element  
was p a r t  o f  a branch  or p a r t  of  a l o o p ,  
i f  i t  was an  i n t e r n a l  o r  an  e x t e r n a l  
e lement ,  i f  it was a c t i v e  o r  p a s s i v e  and 
i t s  s p a t i a l  l o c a t i o n .  Each of  t h e s e  
c h a r a c t e r i s t i c s  a r e  ana lyzed  s e p a r a t e l y  
below. 

Ana lys i s  of  F i r s t  Element P r e f e r e n c e  

F i r s t  e lement  p r e f e r e n c e s  f o r  each  
of  t h e  t e n  schemat i c s  were de termined  
by t a b u l a t i n g  t h e  f r e q u e n c i e s  w i t h  which 
d i f f e r e n t  c i r c u i t  e lements  appeared  
f i r s t  i n  t h e  redrawn c i r c u i t s .  F i r s t  
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Schematic 
iiumber 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

element 

Table 1 First Element Preferences by Schematic Number 

HEMORY TASK 

preferences are summarized in 
Table 1. The numbers used to identify 
different circuit components were 
assigned after the experiment was com- 
pleted, and they were not available to 
the technicians during any phase of the 
memory or perception tasks. 

The first point to be noted f rom 
Table 1 is that there was perfect agree- 
ment between the memory and perception 
tasks with regard to the element most 
often redrawn first. Indeed, on the 
second most preferred initial element, 
there was agreement on eight of the ten 
schematics, with the only differences 
being on schematic seven and schematic 
nine. The remaining choices are, for 
the most part, one time selections. 
Using a simple binomial distribution 
calculation, it can be rejected with 
0.9999 confidence in favor of the alter- 
native nypothesis of a patterned selec- 
tion. 

Analysis of  First Element Chunking 

?'he information on first element 
chunking is summarized below for the 
memory and perception tasks. The data 
reflect a clear disposition on the part 
of the technicians to initially absorb 
information in chunks, rather than ele- 
ment by element separately. Hypothe- 
sizing a 4 to 1 chunking ratio for first 
elements, one can perform a goodness of  
fit test. The 4 to 1 chunking ratio im- 
plies that 4 out of every 5 first ele- 
ments are chunked. Under the null hypo- 
thesis, the chi square value for the 
perception task is 7.04 and for the mem- 
ory task, the chi square value is 0.81. 
dence, f o r  the perception task, there is 
no question whether the hypothesized 
chunking ratio applies, while for the 

PERCEPTION TASK 

First Elements T o t a l  - 
Number 

(Number in parenthesis indicates the of 
number of times a particular element Circuit 

was picked first) Elements 

18 
20 
11 
24  
31 
21 
17  
2 1  
16 
16 

memory task, the null hypothesis cannot 
be rejected with any significant degree 
of confidence. 

Table 2 First element chunking, indi- 
cating the extent to which the initial 
elements were chunked by technicians 
during the memory and perception tasks. 

Memory Perception 
Task Task 

Number o f  First 
Elements Chunked ...... 127 1 0 7  

Number of First 
Elements Not Chunked.. 23 43 
Total iqumber of 
First Elements ........ 150 150  

Of the two tasks, there is more in- 
clination on the part of the technician 
to chunk information in the memory task 
than in the perception task, as dis- 
cussed earlier. With perception,,he had 
free access to the schematic, and there- 
fore he could encode as little as one 
element per glance. This difference be- 
tween the two tasks very likely accounts 
for the discrepancy between the observed 
and the hypothesized chunking ratio in 
the perception task. 

Analysis of Branch Versus Loop First 
Elements 

In courses on circuit theory, there 
are two principal methods of circuit 
analysis which are taught. One method 
applies to closed loops and is called 
loop analysis, while the other method 
applies primarily to branches and is 
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called node analysis. Therefore, the 
circuit geometry applicable to a parti- 
cular element determines how that ele- 
ment would be viewed from a circuit 
analysis standpoint. 

The ten schematics used in the 
study contained a total of 195 elements. 
Of these, 91 were branch elements and 
104 were loop elements. Since there 
were only a total of 150 first elements 
in each of the tasks, the actual numbers 
of both types of elements will be 
changed from a base of 195 to a base of 
150 f o r  purposes of analysis. These 
new expected values, along with the ob- 
served values, are snown in Table 3 be- 
low. 

Employing a chi square goodness of 
fit test under the null hypothesis that 
chance factors alone dictate whether a 
loop element or a branch element will 
be chosen first, the memory chi square 
value is computed as 1a.35. These cor- 
respond to P values which are both l ess  
than 0.005 (chi square: 7.88, 1). 

Table 3 Branch versus loop first ele- 
ments, indicating the extent to which 
branch or loop initial elements were 
selected by technicians during the mem- 
ory and perception tasks. 

NEMORY PERCEPTION 
TASK TASK 

Observed/Expected 
Loop Elements 53/85 59/85 

3bserved/Expected 
Branch Elements 97/65 91/65 

The observed frequencies suggest 
that f o r  the circuits employed in this 
study, branch elements are preferred or 
selected first on a 2 to 1 ratio over 
loop elements. Employing a goodness of 
fit test under this hypothesis results 
in a memory chi square value of 0.27 
and a perception chi square value of 
2.43. Hence the null hypothesis cannot 
be rejected with any significant degree 
of confidence. 

Analysis of Interior Versus Exterior 
First Elements 

The impression analysis along this 
dimension is similar to that just under- 
taken with regard to branch and loop 
elements. Exterior elements are those 
which are located on the perimeter of a 
circuit, while interior elements are 
those which are not exterior elements. 
The observed and expected frequencies 
are shown in Table 4. As in the pre- 

vious section, the expected frequencies 
have been based on a total of 150 ele- 
ment s . 

Under the null hypothesis that 
chance factors alone determine whether 
an interior or an exterior element is 
selected first, the memory chi value is 
14.62, as is the perception chi square 
value. For one degree of freedom, the 
null hypothesis may be rejected with 
greater than 0.995 confidence. 

Table 4 Interior versus exterior 
first elements, indicating the extent 
to which exterior or interior initial 
elements were selected by technicians 
during the memory and perception tasks. 

MEMORY PERCEPTION 
TASK TASK 

Observed/Expected 
Interior Elements ... 16/36 16/36 

Observed/Expected 
Exterior Elements..134/114 134/ll4 

Analysis of Active Versus Passive First 
Elements 

Active elements contribute energy 
to a circuit, while passive elements 
either store o r  dissipate circuit ener- 
gy. The observed and expected frequen- 
cies for these two categories are shown 
in Table 5. As in the previous two 
sections, the expected frequencies have 
been based on a total of 150 elements. 

Table 5 Active versus passive first 
elements, indicating the extent to which 
active or passive initial elements were 
selected by technicians during the mem- 
ory and perception tasks. 

MEMORY PERCEPT ION 

Observed/Expected 
Passive Elements... 103/242 104/142 

Under the null hypothesis that chance 
factors alone determine whether an ac- 
tive or a passive element is selected 
first, the memory chi square value is 
200.84 and the perception chi square 
value is 190.67. For one degree of 
freedom, the n u l l  hypothesis may be re- 
jected with greater than 0.995 confi- 
dence. 
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The observed  f r e q u e n c i e s  sugges t  
t h a t  f o r  t h e  c i r c u i t s  employed i n  t h i s  
s t u d y ,  p a s s i v e  e lements  a r e  s e l e c t e d  
f i r s t  ove r  a c t i v e  e lements  a t  about  a 2 
t o  1 r a t i o .  Employing a goodness of  f i t  
t e s t  under  t h i s  h y p o t h e s i s  r e s u l t s  i n  a 
memory c h i  square  va lue  of  0 . 2 7  and a 
p e r c e p t i o n  c h i  squa re  va lue  of  0 .48 .  
Hence t h e  n u l l  hypo thes i s  cannot  be r e -  
j e c t e d  wi th  any s i g n i f i c a n t  degree  of 
conf idence .  

Analys is  of  F i r s t  Element S p a t i a l  
Locat i o n s  

For t h e  purpose of  i d e n t i f y i n g  an 
e l e m e n t ' s  s p a t i a l  l o c a t i o n ,  t h e  pages 
on which t h e  schemat ics  were p resen ted  
t o  t h e  t e c h n i c i a n s  were d i v i d e a  up i n t o  
f o u r  quadran t s .  The i d e n t i f i c a t i o n  of  
t h e  quadran t s  was accomplished u s i n g  
t h e  upper l e f t  hand quadrant  as 1 and 
r e a d i n g  down t h e  columns. These quad- 
r a n t  d e s i g n a t i o n s  were no t  a v a i l a b l e  t o  
t e c h n i c i a n s  d u r i n g  t h e  exper iment .  The 
summarized d a t a  wi th  r e g a r d  t o  s p a t i a l  
p r e f e r e n c e  i s  shown i n  Table  6 .  

Table  6 S p a t i a l  l o c a t i o n s  of  f i r s t  
e l emen t s ,  i n d i c a t i n g  t h e  quadrant  i n  
which i n i t i a l  e lements  s e l e c t e d  b y  
t e c h n i c i a n s  were l o c a t e d .  

- 1 2 3 4  - 
Memory T a s k  118 1 3  14 5 

Pe rcep t ion  Task 1 1 6  1 3  15 6 

Actua l  Number Per  
Quadrant  Adjusted 
t o  Base 150 31 38 55 2 6  

Under t h e  n u l l  h y p o t h e s i s  t h a t  
chance a l o n e  de te rmines  t h e  l i k e l i h o o d  
of  a f i r s t  element c m i n g  from a g iven  
quadran t ,  t h e  memory c h i  squa re  va lue  
i s  315.91 and t h e  p e r c e p t i o n  c h i  squa re  
va lue  i s  301 .66 .  For t h r e e  deg rees  of  
freedom, t h e  n u l l  h y p o t h e s i s  may be re- 
j e c t e d  w i t h  g r e a t e r  t h a n  0.995 c o n f i -  
dence.  

The observed f r e q u e n c i e s  sugges t  
t h a t  f o r  t h e  c i r c u i t s  employed i n  t h i s  
s tudy ,  f i rs t  e lements  a r e  s e l e c t e d  from 
t h e  f i r s t  quadrant  ove r  t h e  o t h e r  t h r e e  
quadran t s  a t  about  a 4 t o  1 r a t i o .  Em- 
p loy ing  a goodness of f i t  t e s t  under 
t h i s  h y p o t h e s i s  r e s u l t s  i n  a memory c h i  
square  va lue  o f  0 .16  and a p e r c e p t i o n  
c h i  squa re  va lue  of  0 . 6 6 .  Hence, t h e  
n u l l  h y p o t h e s i s  cannot  be r e j e c t e d  w i t h  
any s i g n i f i c a n t  degree  of  conf idence .  

Impression Task Summary 

The p rev ious  s e c t i o n s  sugges t  t ha t  
i t  i s  p o s s i b l e  t o  c a t e g o r i z e  a t echn i -  
c i a n ' s  i n i t i a l  impress ion  of  an e l e c t r i -  
c a l  schemat ic  diagram. For a g iven  
schemat ic ,  t h e r e  i s  g e n e r a l  agreement 
as t o  which element  w i l l  r e c e i v e  h i s  a t -  
t e n t i o n  f i r s t .  Occas iona l ly ,  e i t h e r  of  
two e lements  w i l l  s e r v e  a s  t h e  consen- 
s u s  i n i t i a l  f o c a l  p o i n t  f o r  a g iven  c i r -  
c u i t .  Techn ic i ans  have a tendency t o  
group or chunk o t h e r  c i r c u i t  informa- 
t i o n  wi th  t h e  i n i t i a l  element r a t h e r  
t han  i s o l a t i n g  on i t  a l o n e .  The i n i -  
t i a l  element w i l l  t y p i c a l l y  be a branch 
element  a long  t h e  e x t e r i o r  of  t h e  c i r -  
c u i t .  Also,  t h e  f i r s t  e lement  p icked  
w i l l  g e n e r a l l y  b e  i n  t h e  t o p  l e f t  quad- 
r a n t  of t h e  drawing.  While t h e  f i r s t  
e lement  i s  almost  a l w a y s  a p a s s i v e  e l e -  
ment, t e c h n i c i a n s  choose a c t i v e  e le-  
ments more o f t e n  than  t h e i r  numbers 
would p r e d i c t .  Technic ians  a p p a r e n t l y  
f i n d  it  r e l e v a n t  t o  focus  i n i t i a l l y  on 
a c t i v e  e lements  i f  t hey  a r e  a l s o  e x t e r -  
i o r  branch  e lements  i n  t h e  upper l e f t  
p a r t  of t h e  schemat ic .  
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