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Abstract

Expert and novice s u b je c t s  generated hypotheses in  an automobile t roub le ­

shooting in ference  t a s k .  Data co l lec ted  included subject s ' '  verbal  p ro toco ls  

during the inference  ta sks  and s u b j e c t s '  est imates of the p r o b a b i l i t i e s  of 

t h e i r  generated s e t s  of hypotheses.  Analyses indicated  t h a t  both exper t  and 

novice subjec ts  had d i f f i c u l t y  genera t ing complete s e t s  o f  hypotheses and were 

overconfident  in t h e i r  su b je c t iv e  estimates of th e  p r o b a b i l i t i e s  of the 

generated hypotheses.
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Hypothesis genera t ion in  an automobile malfunction inference  task

Hypothesis genera t ion can be a c r i t i c a l  component of dec i s ion  making in 

problems for  which hypotheses concerning poss ib le  s t a t e s  of the world are not

obvious. Such problems c o n s t i tu te  an important c l a ss ;  they are common in the

realms of s c i e n t i f i c  in v e s t ig a t io n s ,  mechanical and e l e c t ro n i c  t ro u b le ­

shooting,  medicine and s o c ie t a l  decision making. I n  these problems, poor 

hypothesis  genera t ion may lead to poor hypothesis  eva lua t ion  and thus  degrade 

the e n t i r e  decision-making process .  The purpose of  the research  described 

here was to  examine s p e c i f i c a l l y  hypothesis generat ion and assessment in the 

context  of automotive troub le-shooting.

Hypotheses may be thought of as generated via two d i s t i n c t  processes-  They 

could be r e t r i e v e d  d i r e c t l y  from memory or they could be constucted from 

re t r e iv e d  information.  However, r e t r i e v a l  from LTM has been shown to  be 

" recons t ruc t ive"  in  a var ie ty  of s i tua t ions  (Crowder, 1976). Therefore,  a l l  

hypothesis  r e t r i e v a l  operat ions  may be regarded as  co n s t ru c t iv e  to some 

e x t e n t ,  so t h a t  the "cons truct ive/noncons truc t ive"  d i s t i n c t i o n  may be 

d i f f i c u l t  to  make in  p r a c t i c e .  The focus of  t h i s  inqu iry  w i l l  be on the

r e s u l t s  of r e t r i e v a l  operat ions rather  than any in-depth examination of  the

cons t ruc t ive /noncons t ruc t ive  dichotomy.

Hypothesis genera t ion and hypothesis  assessment a re  not independent processes;  

they can i n t e r a c t  through-out  the problem-solving process .  A r e t r i e v e d

hypothesis  must be considered somewhat p lausib le  i n i t i a l l y  i f  i t  i s  to  be
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en te r ta ined .  I f  f o r  some reason a l l  hypotheses a re  rendered implaus ib le ,  a 

decision maker i s  l i k e l y  to  resume r e t r i e v a l  a c t i v i t i e s .

Recent events in the nuc lear  power indus try  serve to  a c t  as  an example of how 

hypothesis genera t ion ,  hypothes is  assessment and dec is ion  making can i n t e r a c t .  

In making decis ions  concerning the operat ion of nuclear  power p l a n t s ,  i t  i s  

important t h a t  dec ision  makers generate a l l  hypotheses concerning safety  

device f a i l u r e s ;  the a l t e r n a t i v e  i s  an overest imate  of the  p ro b a b i l i t y  th a t  

the nuclear  p lan t  w i l l  operate s a fe ly .  As an i l l u s t r a t i o n ,  Slovic ,  Fischhoff  

and Lich tens te in  ( in  p ress)  s t a t e d  t h a t  p r io r  to  the inc iden t  a t  th e  nuclear 

power plan t  on Three Mile I s land ,  operators  had closed a l l  t h re e  au x i l i a ry  

feedwater pumps in v io l a t i o n  of Nuclear Regulatory Commission r u l e s ,  thereby 

making the emergency cooling system inope ra t ive .  I t  i s  l i k e l y  t h a t  the 

decision to permit the opera t ion  of the Three Mile I s land  power p la n t  was 

based in  p a r t  on an a na ly s i s  t h a t  did not a n t i c ip a t e  t h i s  in c id e n t .

Despite the c ruc ia l  importance of hypothesis  genera t ion in many con tex ts ,  i t  

has received l i t t l e  a t t e n t i o n  u n t i l  r e ce n t ly .  An ea r ly  exception was Hanson 

(1961), who noted t h a t  the importance of the hypothesis  genera t ion  process  was 

al luded to by A r i s t o t l e  (P r io r  Analy tics  I I ,  25.)  Hanson approached hy­

pothesi s  generat ion on ph i losph ica l  grounds, arguing t h a t  the  process  by which 

a hypothesis  i s  generated as a p laus ib le  a l t e r n a t i v e  worth e n t e r t a i n in g  i s  

lo g ica l ly  d i s t i n c t  from the process by which hypotheses a re  eva lua ted .  Thus, 

hypothesis  genera t ion was regarded as worthy of  study in  i t s  own r i g h t .  

Hanson examined the process  by inve s t iga t ing  the  h i s t o r i c a l  accounts of 

hypothesis genera t ion by exceptional  s c i e n t i s t s ,  notably Kepler .  Hanson's 

descr ip t ion  of hypothesis  genera t ion was as a t h r e e - s t e p  p rocess .  The f i r s t
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step  was the dec i s ion  maker becoming aware of an anonoly in the  da ta ;  the  

anomoly was the st imulus  for  hypothesis  genera t ion .  Secondly, a hypothesis  

was generated and l a s t l y ,  i t  was incorpora ted in to  an organized system of 

concepts .  In terms of the previous d i scuss ion ,  i t  i s  d e t e c t io n  of  an anomoly 

in the data which renders  implausible the hypotheses under cons idera t ion .

Churchman and Buchanan (1969) represented hypothesis  genera t ion,  which they 

termed an “induc tive  p rocess ,"  as a two-component system. In th e i r  model, "H" 

i s  a hypothesis ,  "D” i s  the data to be explained and "E" is the problem 

contex t .  The two components are:  1) Find an H which s a t i s f i e s  the  schema: D

because H and E. 2) Determine i f  H s a t i s f i e s  a s p e c i f i e d  sense of  degree o f  

s a t i s f a c t o r i n e s s .

In in v e s t ig a t in g  hypothesis  genera t ion in mass spectrometry problems. 

Churchman and Buchanan expanded these two into  e i g h t  s teps ,  which were 

incorporated in  a computer program. B r ie f ly ,  the s t e p s  were: 1) co l l e c t in g  

the da ta ,  2) i n t e r p r e t i n g  the data,  3) s e l e c t in g  the  general  c l a s s  o f

p la us ib le  hypotheses,  4) l im i t ing  the number of  hypotheses through t e s t i n g ,  5) 

generat ing s p e c i f i c  p l a u s i b l e  hypotheses, 6) making p r e d i c t i o n s ,  7) evaluat ing 

the s a t i s f a c t o r i n e s s  of  the hypotheses t h a t  have been generated and 8)

recycling i f  no s a t i s f a c t o r y  hypotheses were genera ted .

Churchman and Buchanan's term “s a t i s f a c t o r i n e s s "  can be i d e n t i f i e d  with

evaluat ion of hypothesi s  p l a u s i b i l i t y ;  t h e i r  seventh step  i s  analogous t o

Hanson's f i r s t  s t e p .  Churchman and Buchanan's o r i e n t a t i o n  in examining

hypothesis  genera t ion  was pr im ar i ly  ph i losoph ica l ;  one of  the major con-_
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elus ions  of t h e i r  paper was th a t  inductive systems ( i . e .  hypothesis  generat ion 

processes)  in the empirica l  sciences are  not even approximately r a t i o n a l .

Although t h e i r  primary concern was s c i e n t i f i c  in fe rence ,  Gerwin's (1974) and 

Gerwin and Newsted's (1977) d iscussion of  hypothesis  genera t ion i s  re levant  in 

a broader context .  Gerwin (1974) pointed out t h a t  Hanson's (1961) view of

hypothesis  genera t ion i s  closely r e l a t e d  to the views of Simon (see Simon's 

1978 a r t i c l e  fo r  a review of his work.) One of Simon's i n t e r e s t s  has been to  

exp la in ,  model and p r e d ic t  the verbal  behavior of sub jec t s  in s t ru c ted  to t a lk  

aloud while so lving problems. Simon has been a proponent of  the view tha t  

psychological  research  should examine the s p e c i f i c  behavior of  individua ls  

r a th e r  than aggrega tes .  In a 1975 a r t i c l e ,  Simon asse r ted  t h a t  "d ive rs i ty  of 

behavior may be hidden under a blanket  l a b e l . . .w e  must avoid blending together 

in a s t a t i s t i c a l  stew qu ite d iverse problem solving behaviors whose real  

s ign i f i cance  i s  l o s t  in the averaging p rocess , "  (p.  288).

The emphasis of  Simon and his  a s s o c i a t e ' s  work has not  been hypothesis 

genera t ion per se ,  but t h i s  process has been touched on in th e i r  

in v e s t ig a t io n s  of the  global  problem-solving process .  Other researchers 

employing protoco l  a n a ly s i s  techniques in in v e s t ig a t io n s  of problem-solving 

behavior have f requen t ly  addressed hypothesis  genera t ion ,  a t  l e as t  

t a n g e n t i a l l y .  The technique of examing verbal  pro tocols  has been used to  

inv e s t ig a t e  a wide v a r i e ty  of problem-solving a c t i v i t i e s ,  f o r  example: 

computer programming (Brooks, 1977), medical d iagnosis  (Uortman, 1966, 1970, 

1971; Uortman and Kleinmutz, 1973), apartment r en t in g  (Payne, 1976; Payne,
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Braunstein and Carro l ,  1978) and chemical engineering thermodynamics (Bhaskar 

and Simon, 1977).

The use of verbal pro tocol  data in psychological  research  has recen tly  come 

under a t t a c k .  Doubts of  c r i t i c s  were summarized by Nisbett  and Wilson (1977). 

N isbe t t  and Wilson pointed out t h a t  in many circumstances,  sub jec t s  may be 

unaware of s ig n i f i c a n t  cogni t ive events and simultaneously very confident  tha t  

t h e i r  ve rba l iza t ions  are qu it e  complete. Also, sub jec t s  may repor t  what they 

con jec tu re  has gone through t h e i r  mind r a t h e r  than ac tua l  mental events.

Er icsson and Simon (1978) presented an exhaust ive re jo in d e r  to the c r i t i c i sm s  

of N isbe t t  and Wilson, and o the rs .  They examined the sp e c i f i c  condit ions 

under which verbal  protocols  would and would not r ep resen t  usefu l  data.  Their 

conclusion was tha t  verbal  protocol  data are most r e l i a b l e  and in te rp r e ta b le  

when s ub jec t s  are given general ized in s t ru c t io n s  to  ve rba l ize  and when the 

exper imenter ' s  add i t ional  probing i s  minimal. Also, i t  is  important tha t  

s u b jec t s  verba l ize  while performing the ta sk ,  r a t h e r  than a t  some l a t e r  time. 

Although t h i s  debate has probably not been resolved  to  everyone's 

s a t i s f a c t i o n ,  the pos i t ion  adopted here i s  th a t  verba l  pro toco ls  do represent  

usefu l  data when the condi t ions  spec i f ied  by Ericsson and Simon are s a t i s f i e d .  

That i s ,  protocol  an a ly s i s  methodology r e p re s e n t s  a p o t e n t i a l l y  valuable 

approach to  examining human behavior,  but the time has not y e t  come to  abandon 

more t r a d i t i o n a l  methodology.

In h i s  d iscuss ions  of rea l -wor ld  problem-solving behaviors,  Simon (1979) noted 

the importance of examining "semant ica l ly r ich"  domains; i . e . ,  problem domains 

which requ i re  a rea -sp ec i f ic  knowledge in addi t ion  to  general  problem-solving



Hypothesis

7

s k i l l s .  An example i s  t rouble-shoot ing;  see Rouse f o r  a review <1978a) and a 

model (1978b) of the troub le-shooting  ta sk .  Rouse's  (1978b) model showed 

promise in pred ic t ing  s u b je c t s '  problem-solving behavior.  The model was based 

on fuzzy se t  theory,  a co l lec t ion  of concepts which may have fu r th e r  

ap p l i c a t io n  in  modeling the hypothesi s-genera t ion  process (see Zadeh, 1965, 

f o r  an in t roduction  to  fuzzy se t  theo ry . )  Rouse also inves t iga ted  the 

performance of sub jec ts  and the u t i l i t y  of a computer a id .  Further  discussion 

of  computer a ids  in t roub le-shoot ing ta sks  can be found in  Sacerdoti  (1975) 

and in  H a r t ' s  (1975) descr ip t ion  of a computerized consu l tan t  t o  aid 

mechanics.

Trouble-shooting ta sks  were examined in  an i n s ig h t f u l  s e r i e s  of s tu d ie s  by 

F ischhoff ,  Slovic and Lichtens te in  (1978). They repor ted  th a t  both expert  and 

novice su b jec t s  in  an automotive troub le-shoot ing  ta sk  were qu i te  in s e n s i t iv e  

to  the  removal of r e levan t  pathways to poss ib le  causes of malfunctions and 

were overconfident  in judging the exhaust iveness of  "pruned branches" of f a u l t  

t r e e s .  Their in v e s t ig a t io n s  supported an a v a i l a b i l i t y  hypothesis  (Tversky and 

Kahneman, 1973) as the  s ig n i f i c a n t  c on t r ibu to r  t o  t h i s  overconfidence b ia s .  

In a somewhat r e l a t e d  con tex t ,  overconfidence has been reviewed and studied by 

Slovic and Fischhoff  (1977), F ischhoff ,  Slovic and L ich tens te in  (1977) and 

L ic h te n s te in ,  Fischhoff  and P h i l l i p s  (1977).

F ischhoff  e t  a l .  (1977) reported t h a t  the overconfidence bias  was qu it e  robust  

to  changes in  response mode and th a t  su b jec t s  were very w i l l in g  to back up 

t h e i r  biased opinions with cash.  They suggested two poss ib le  explanations for  

the  observed overconfidence: 1) i n s u f f i c i e n t  acknowledgment of uncer ta in ty  in
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dependent measure of sub jec t ive  p r o b a b i l i t y  e s t im a tes .  Verbal p ro to co l s  would 

be analyzed in an e f f o r t  to  i d e n t i f y  the cogni t ive  mechanisms r espons ib le  fo r  

behavior observed in previous  s tu d ie s  of hypothesis  genera t ion behavior .  

S p e c i f i c a l l y ,  in ta sks  where sub jec t s  were asked to  i n f e r  the  major of  an 

unknown undergraduate s tudent  from a sample of c l a sse s  taken by th e  s tuden t ,  

Get tys,  Mehle, Baca, F isher  and Manning (1979) repor ted  t h a t  sub jec t s  

generated very impoverished s e t s  of  hypotheses.

The study a l so  involved s p e c i f i c  i n s t r u c t i o n s  for sub jec t s  to eva lua te  the 

p l a u s i b i l i t y  of t h e i r  s e t s  of  genera ted hypotheses. This i n s t r u c t i o n  i s  

tantamount to obta ining a s u b jec t iv e  es t imate  of the exhaust iveness o f  the  s e t  

o f  generated hypotheses. As prev ious ly  noted,  the ty p i c a l  r e s u l t  in such 

assessments i s  fo r  a la rge and robust  overconfidence b ia s .  I t  was f e l t  t h a t  

verba l  protocol  data  would be p o t e n t i a l l y  very usefu l  in i d e n t i fy in g  the  

mechanisms respons ib le  fo r  t h i s  b ia s  and in determining whether t h e r e  are 

d i f f e re n ces  in  t h i s  b ias  between exper t  and novice s u b jec t s .  Experts^ g r e a t e r  

s t o r e  of semantic knowledge might le ssen  the b ia s .  A l te rna te ly ,  novices might 

be aware of t h e i r  l e s s e r  s t o r e  of  knowledge and be r e l a t i v e l y  l e s s  b ia sed .

The presen t  study d i f f e r s  from the  Fishhoff  e t  a l .  (1978) s tu d ie s  of 

automotive troub le -shoo t ing  on a s i g n i f i c a n t  dimension. In the  F ischoff  e t  

a l .  s tud ie s ,  sub jec t s  were provided with hypotheses; sub jec t s  in t h e  cu r ren t  

s tudy  generated t h e i r  own hypotheses.  One poss ib le  e f f e c t  of  having sub jec t s  

genera te  t h e i r  own hypotheses might be to  increase  the overconfidence b ia s ,  

s ince  s u b j e c t s '  hypothesis  s e t s  would be more l i k e l y  to  contain  personal 

f a v o r i t e s .
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the ea r ly  s tages  of in fe rence  and 2) i n s u f f i c i e n t  awareness of the  r e ­

c ons t ruc t ive  na ture  of memory. A ro bus t  overconfidence b ia s  was observed in a 

study of hypothesi s-genera t ion  by Mehle, Gettys,  Manning, Baca and Fisher  

(1979), who a l so  concluded t h a t  the  b ia s  may be due in  pa r t  t o  the opera t ion  

of an a v a i l a b i l i t y  h e u r i s t i c .

In the  f i r s t  of a s e r i e s  of s tu d i e s  in v e s t i g a t i n g  the psychological  processes 

underlying hypothesis genera t ion ,  Gettys and Fisher  (1979) advanced a model of 

hypothesis  genera t ion ,  proposing t h a t  an executive process  i n i t i a t e s ,  d i r e c t s  

and te rminates  highly s p e c i f i c ,  r e cu r s iv e  memory searches  fo r  poss ib le  

hypotheses.  They pos tu la ted  t h a t  the  stimulus fo r  i n i t i a t i o n  of hypothesis  

genera t ion would be low p l a u s i b i l i t y  of  the  curren t  hypothesis  s e t .  From the 

psychological viewpoint,  i t  would seem t h a t  the processes  most important  to 

hypothesis  generat ion as a d i s t i n c t  component of problem so lv ing  a re :  1)

r e t r i e v a l  of p o t e n t i a l  hypotheses from memory, 2) eva lua tion  of candidate 

hypotheses to determine whether they should be en te r ta ined  and 3) evaluation 

of the  co l lec t ion  of hypotheses under cons idera t ion  to  determine i f  r e t r i e v a l  

should be terminated or resumed. Of r e l a t e d  i n t e r e s t  was F isher ,  Gettys,  

Manning, Mehle and Baca^s (1979) d iscuss ion  of memory r e t r i e v a l  involving more 

than a single  datum. Memory r e t r i e v a l  employing mul t ip le  da ta  has a l so  been 

s tudied in a d i f f e r e n t  s e t t i n g  by Shanteau and McClelland (1975).

A primary motivat ion fo r  th e  c u r r e n t  study was to  in v e s t i g a t e  hypothesis  

genera t ion  in  a semant ica l ly  r i c h  problem-solving domain. The ta sk  chosen was 

automotive troub le - shoo t ing ,  motivated in p a r t  by a d e s i r e  to  examine the 

behavior of both novice and exper t  dec is ion  makers. The dec ision  was a l s o  

made to  obtain verba l  pro tocol  da ta  in  addi t ion  to  the  more t r a d i t i o n a l
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Method

Seven of  the  twelve subjec ts  p a r t i c i p a t i n g  in t h i s  study were male i n t r o ­

ductory psychology students  e n ro l l ed  as undergraduates a t  the U nivers i ty  of 

Oklahoma. One of  these s tu den ts  had worked as a mechanic in a commercial 

garage and the re fo re  was c l a s s i f i e d  as an "exper t" .  The remaining six 

s tudents  were c l a s s i f i e d  as "novices" .  Another f i v e  expert s u b jec t s  were 

employees of the University Motor Pool;  these f ive  sub jec t s  were paid a $10 

honorarium for t h e i r  p a r t i c ip a t io n  in the study.  Thus s ix  s ub jec t s  were 

c l a s s i f i e d  as novices and six were e x p e r t s .

ABEgratys

I n s t r u c t i o n s  and problems were presen ted to subjects  on a Compucolor 8001, a 

microcomputer having color  graphics c a p a b i l i ty ,  manufactured by the  I n t e l ­

l i g e n t  Systems Corporation,  Norcross,  GA. Subjects'" verbal  p ro toco ls  were 

recorded on a por tab le c a s s e t t e  tape  recorder f o r  l a t e r  t r a n s c r i p t i o n .  

S ub jec t s '  p robab i l i ty  est imates  were made with a l igh l -pen  at tachment on the 

computer 's  CRT.

Procedure

Subjec ts  received an extensive in t roduc t ion  to  the experimental s e s s ion .  

Writ ten i n s t r u c t io n s  presented on the CRT were augmented by the experimenter,  

who was present  during the e n t i r e  s e s s io n .  The fol lowing in s t r u c t io n s  were 

among those presented on the CRT:

"In t h i s  s tudy,  you wil l  be concerned with things you normally consider  when 

you f i r s t  approach a problem. The genera l  s i tu a t io n  i s ;
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"Imagine th a t  you rece ive  a te lephone  c a l l  from your spouse when you are a t  

work. The general scene i s  t h a t  your spouse mentions having some car  t r o u b le .  

The computer w i l l  e labora te  the  general  scene with d e s c r ip t io n s  of severa l  

s p e c i f i c  scenes.  Please consider  each s p ec i f i c  scene t o  be a new and

independent s i t u a t i o n .

"Your job w i l l  be to  descr ibe  a l i s t  of  poss ib le  exp lanations  of the car  

t ro u b le  which would explain  the  s i t u a t i o n . "

Subjec ts  were in s t ru c ted  to " th ink  aloud" during the  experimental  s e s s ion .  

Verbal pro tocols  were tape recorded with the  s u b je c t s ' ’ knowledge. The 

d e s c r ip t io n s  of  the f i v e  s p e c i f i c  problems were insp ired  in p a r t  by re fe rence  

t o  an automotive t roub le - shoo t ing  guide in  Milton (1971). The t e x t  of the 

s p e c i f i c  s t im ul i  presented  to  sub jec t s  on the f i v e  t r i a l s  i s  contained in 

Table 1.

I n s e r t  Table 1 about here

For each problem, sub jec t s  typed in  poss ib le  hypotheses on th e  computer 's  

keyboard while th ink ing  out  loud.  Subjec ts  were i n s t r u c t e d  to  en te r  a l l  

p l a u s i b l e  hypotheses t h a t  they would be l i k e ly  to  e n t e r t a i n .  When sub jec t s  

were done genera t ing hypotheses fo r  a problem, they est imated t h e  p ro b a b i l i t y  

t h a t  the t r u e  cause of the c a r ' s  problem was among those they had genera ted .  

This  est imate was obtained by having sub jec t s  use a l i g h t  pen t o  a d ju s t  the 

colored por t ion  of  a l ine  on the  computer 's CRT. The l ine  had c a l i b r a t i o n
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reference marks a t  0 ,  25, 50, 75 and 100 percent  of i t s  leng th .  Subjects  were 

in s t ruc ted  to es t imate  the p ro b ab i l i ty  th a t  the t r u e  o r  ac tua l  cause of the 

c a r ' s  problem was included in t h e i r  l i s t  of generated hypotheses.
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Results and Discussion

Protoco l  iGita

S u b je c t s '  vo ca l iza t io n s  were tr anscr ibed  verbatim from the t a p e  recordings,  

broken out in to  thought unit s  (pro toco ls )  and consecut ively  numbered fo r  each 

s u b je c t ,  preceded by a subject  l e t t e r  code. Thus "A1" would be the  reference  

code fo r  the  f i r s t  protocol  produced by the f i r s t  su b je c t  and "B5" would be 

th e  code fo r  the  f i f t h  protocol produced by the second s u b je c t ,  ft protocol  is  

ope ra t io n a l ly  defined as a "meaningful thought u n i t , "  a s  judged by the 

experimenter  (see Ericsson and Simon, 1978.)

On i n i t i a l  examination, the most s t r i k i n g  fea tu re  of the pro tocol  data was the 

sparseness  of ve rba l iza t ions  by s u b jec t s ,  notably expe r t s .  Although v e rba l ­

iz a t i o n s  were broken down in to  pro toco ls  primar i ly  to f a c i l i t a t e  ana lyses,  a 

count of the protoco ls  does provide a rough measure o f  verbal  f luency.  For 

the  e n t i r e  s e t  of f iv e  problems, the median number of p ro toco ls  generated by 

exper t  sub jec t s  was only 54; the median fo r  novices was 80.5.  The mean number 

of  protoco ls  per  problem was 33.4 fo r  novice sub jec t s  (range;  7 to  194) and 

15.6 fo r  exper t s  (range:  2 to  66.) Summary data fo r  the  number of  pro tocols

i s  l i s t e d  in  Table 2.

In s e r t  Table 2 about here

The sparseness of e x p e r t s '  v e r b a l i z a t io n s ,  in comparison to  novices,  was 

unexpected.  Perhaps the reason the experts  did not ve rb a l i z e  more i s  t h a t
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they did not  understand the ta sk .  This p o s s i b i l i t y  i s  un l ike ly  in l i g h t  of 

s u b j e c t s '  ve rba l  r e p o r t s  during deb r ie f ing .  V i r tu a l ly  a l l  exper t s  apologized 

f o r  not saying «ore,  s t a t i n g  th a t  they j u s t  could not  th ink  of  anything «ore 

t o  say.

I f  s u b je c t s  understood the task requirements,  then two conclus ions are 

p o s s ib le .  E i the r  the  verbal pro toco ls  f a i l e d  to  t r a c k  s u b je c t s '  cogni t ive 

processes  or the  p ro toco ls  accura te ly  r e f l e c t  the sparseness  of  the underlying 

processes  in  t h i s  t a s k .  One f ac to r  t h a t  might co n t r ib u te  to  d i f f i c u l t y  in 

v e rba l iz ing  i s  e x p e r t i s e .  Sinon (1978) repor ted t h a t  v o c a l i z a t io n s  tend to 

decrease as sub jec t s  become more p r o f i c i e n t  and responses  more automatic.

Another p o s s i b i l e  f a c t o r  i s  c a r e e r - r e l a t e d  s k i l l s .  Pro toco l  s tud ie s  in the 

pas t  have tended to employ verba l ly  f lu en t  s u b j e c t s ,  such as physicians 

(Uortman, 1972) or s tudents  enro ll ed  in a chemical engineer ing  course (Bhaskar 

and Simon, 1977). Such s u b je c t s '  p rofess ional  success  would be p a r t i a l l y  a 

func t ion  of verbal  f luency;  success in auto mechanics i s  l e s s  dependent on 

verba l  s k i l l s .  This p o s s i b i l i t y  i s  supported by the  observa tion  t h a t  Subject  

F generated 244 p ro toco l s ,  more than f ive  times the average of  45 generated by 

the  o ther  f i v e  exper t s .  Subject F was the only exper t  s u b je c t  t h a t  was a lso  a 

co l lege  s tu d e n t .  S im i la r ly ,  but without any apparent  reason ,  one sub jec t  

s tood out from the novice group. Subject  D generated 539 p ro toco l s  versus an 

average of  92.6 fo r  the o ther  f ive  novices.

Perhaps the  most po tent  con t r ibu tor  to  s u b j e c t s '  v o c a l i z a t io n  d i f f i c u l t i e s  

during hypothesis  genera t ion was the  i n t r i n s i c  nature  of  the  t a s k .  Hypothesis 

genera t ion  i s  b a s i c a l l y  a one-step t a sk .  Other i n v e s t i g a t o r s  have genera l ly



Hypothesis

15

studied  mul t i - s tep  ta sks ,  such as the  Tower of Hanoi problem, the missionar ies  

aod canniba ls  problem and th e i r  isomorphs (Simon, 1975; 1979). In such

e x p l i c i t l y  m ul t i - s tep  t a s k s ,  sub jec ts  have numerous oppor tun i t ie s  to  verba l ize  

as they work through a l l  of the component a c t io n s .  Perhaps the pro toco ls

accura te ly  r e f l e c t  a r e l a t i v e l y  simple and unelaborated hypothesis genera t ion 

process for  the  ty p ica l  subjec t .  On the o the r  hand, there may be complex 

mental events associa ted  with hypothesis  genera t ion which simply can not be 

"tracked" by verbal  p ro toco ls .

An examination of  the verbal  pro tocols  did not  revea l  any major d i f fe rences  in 

content  among the s u b jec t s .  Therefore,  i t  was decided to  concentrate on the

pro toco l  da ta  fo r  sub jec t s  D and F. Since these  two sub jec t s  were the  most

verbal  members of t h e i r  respect ive groups, t h e i r  protocol  data should be the 

most i n t e r e s t i n g .  This approach should not  s e r io u s ly  compromise the  a n a ly s i s ,  

s ince  the  general  motivat ion is  to  id e n t i fy  s t r a t e g i e s  and processes,  r a th e r  

than to  e s t a b l i s h  any as frequent  or u n iv e rs a l .

Novice sub ject  D c h a r a c t e r i s t i c a l l y  generated hypotheses th a t  were sub­

sequen tly  ru led  out as incons i s ten t  with the da ta .  For example, fo r  Problem 4

(see Table 1):

D4: Had a rece n t  tune up,

D5: So t h e r e ' s  no problem with the  po in t s .

D6: Two years o ld ,

07: So, the re  can^t  be a l o t  of problem with a l l  the gears .

014: New ca r .
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DIS: So, t h a t  leaves out the mechanical.

034: S t a r t s  f i n e ,

D35: So, t h e r e ' s  no problem with the e l e c t r i c a l  works a t  a l l .

Also, fo r  Problem 1:

D75: Wheel balance?

D76: No, t h a t ' s  nothing to do with car  s t a r t i n g .

The preceding pro toco ls  provide d i r e c t  evidence fo r  the existence of a 

"cons is tency  checking" process during hypothesis  genera t ion ,  a l so  invest igated

by F isher ,  Gettys,  Manning, Mehle and Baca (1979). A process re la ted  to

consis tency checking i s  evaluating the r e l i a b i l i t y  of  the  da ta .  Logical ly,  a 

hypothesis  t h a t  i s  inc ons i s ten t  with an u n re l i a b le  datum might be worthy of 

f u r th e r  cons ide ra t ion .  This sub jec t  s p e c i f i c a l l y  recognized t h a t  the data 

might be u n r e l i a b l e .  In the fol lowing exce rp ts .  Subjec t  D considered the

p o s s i b i l i t y  t h a t  the ba t te ry  was the cause of t h e  car  not  s t a r t i n g ,  although 

the  car  had a rece n t  tune up (Problem 5) :

D370; Well, i f  the b a t t e r y ' s  dead,

B371: I t ' s  an i n e f f i c i e n t  type guy

D372: Who does i t  a t  the s t a t i o n .

D385: This i s  of  course assuming

D386: The mechanic did a f a i r l y  decent job .

U l t imate ly ,  the sub jec t  r e jec ted  the  ba t te ry  hypothes is ,  but  reasoned tha t  the

genera to r  might be de fec t ive .
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Subjec ts"  p r o b a b i l i s t i c  responses w i l l  be discussed in  a fol lowing sec t ion .  

However, Subject D"s responses revealed  th a t  the re was some acknowledgement of 

lack of exper t is e ;

D482: l"ft not a mechanical wizard.

D484: Bo I look l ik e  the  Shel l  Answer Man?

Before making a p robab i l i ty  es t im ate ,  t h i s  subjec t  genera l ly  ran over the l i s t  

o f  hypotheses and considered t h e i r  p l a u s i b i l i t i e s  one-by-one.  Subject D"s 

statements indicated th a t  the hypothesis  s e t s  generated were regarded as 

f a i r l y  complete:

D341: I think th a t  i s  a p re t t y  good p o s s i b i l i t y .

D342: Those are about then ,

D343; I"d say

D344: A pre t ty  high p r o b a b i l i t y .

An apparent pa t te rn  in  Subject D's p ro to co l s  was a cyc l ing  between r e i t e r a t i o n  

o f  the data and generat ion of hypotheses.  The hypothesis-generat ion segments 

sometimes included a cons idera t ion  of  scenar ios and j u s t i f i c a t i o n  of generated 

hypotheses. The data refreshment phases seemed to  serve as  intermezzi  between 

b u r s t s  of hypothesis-generat ion a c t i v i t i e s .  The process of  cons idering a 

s cena r io ,  generat ing a hypothesis and j u s t i f y in g  the hypothesis  i s  i l l u s t r a t e d  

in  the following excerp ts  (Problem 4) :

D1 : I t  could be th a t  the  dumb wife does not know how t o  work the

c lu tch .

D2: So, 1 think the c lu tch  i s  a problem.
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D42: I f ee l  f a i r l y  confident  about the c lu tch .

D43: I ' v e  destroyed i t  myself s eve ra l  t imes.

The exper t  sub jec t  a l so  appeared t o  cycle between data r eh ea rsa l s  and 

genera t ion  burs ts  which were sometimes accompanied by b r i e f  scenar ios .  For 

example, on Problem 3 where the  complaint  was t h a t  the car was hard to s t a r t  

(see Table 1):

F48

F49

F50

F51

Let me see.

Flooded,

All the time;

Like most of the g i r l s  do.

Also, f o r  t h i s  s u b jec t ,  deciding how many hypotheses should be generated posed 

a r e a l  problem;

F87: Gonna f i l l  t h i s  th ing up

FB8: With reasons.

F142: Wonder i f  t h a t ' s  enough.

F143: I don ' t  want him to  ge t  upse t .

F144; That ought t o  be enough.

Although subject  F could have been es t im at ing  p r o b a b i l i t i e s  by a t tend ing  to  

the  substance of the hypotheses generated,  the fol lowing pro toco ls  suggest  

t h a t  a "counting h e u r i s t i c "  may have been employed ins tead .  That i s ,  "a lo t "  

appeared to  be func t iona l ly  r e l a t e d  to  "very probable":

F100: That 'd have to be
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F101: At l e a s t  f i f t y  percen t ,

F102; I f  anything.

F103: T h a t ' s  a l o t t a  s t u f f .

F240: T h a t ' s  a l o t  o f  s t u f f .

F242; I ' d  say t h a t  had to be 

F243: At l e a s t  seven ty- f ive  percent

F244: With a l l  t h a t  s t u f f  t h e r e .
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G e n e r a ^  bi^otheses

A specula t ion  having some in t u i t i v e  appeal is  t h a t  exper ts  should genera te  

more hypotheses than novices.  However, an examination of the frequency with 

which hypotheses were generated revealed t h a t  there i s  l i t t l e  to  d i s t i n g u i s h  

the  novice from the expert  group on t h i s  dependent measure, as  i l l u s t r a t e d  in 

Table 3.

I n s e r t  Table 3 about here

I t  should be noted th a t  the  "frequency" dependent va r iab le  i s  a measure of 

quan t i ty  ra the r  than qua l i ty  of hypotheses.

The mean number of hypotheses generated per problem by novice s u b je c t s  was 

3.43 and by expert s u b je c t s ,  3 .36 ,  suggesting t h a t ,  in l i e u  of  the  e x p l i c i t  

c r i t e r i a  provided by the experimenter  (which was t o  generate a l l  p l a u s ib le

hypotheses which could be r e c a l l e d ) ,  su b je c t s  appeared t o  adopt the  s t r a t e g y  

of  generat ing enough hypotheses to  f i l l  a "memory span". Although memory span 

l i m i t a t i o n s  should not have been a f a c to r  in  the experimental s e t t i n g ,  perhaps 

genera t ing  a memory span of hypotheses i s  the customary s t r a t e g y  of s u b je c t s ,  

doe to a l i f e t im e  of  p r a c t i c e .

Deleted from these analyses were responses thought t o  be ina pp rop r ia te .  For

example, one subjec t  suggested th a t  a reason the car  re fused  to  s t a r t  was tha t

i t  was out of t ransmiss ion f l u i d .  A hypothesis  was judged unacceptable i f ,  in 

th e  expérimenteras view, i t  could no t  have caused the  d a ta .  By th i s
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c r i t e r i o n ,  seven hypotheses were judged to be unacceptable,  which i s  an 

average of .1 unacceptable hypotheses per subject  per problem.

Table 3 also contains the r e s u l t s  of analyzing hypotheses by pooling responses 

fo r  each problem, accomplished by examining the union of ind ividual  subjects'" 

hypothesis  s e t s ;  t h a t  i s ,  examining the se t  of d i s t i n c t  hypotheses generated 

by subjects  within a group. The mean number of hypotheses in the  pooled s e t ,  

per  problem, was 12.6 fo r  novices, 11.2 for  experts  and 17.8 combined. Thus, 

on the average, a hypothesis  s e t  fo r  one subjec t  on a problem contained 19.2 

percent  of the d i s t i n c t  hypotheses generated by a l l  subjec ts  on t h a t  problem. 

That i s ,  i f  the pooled s e t s  of  hypotheses for  a l l  subjects  r ep resen t  a l l  

poss ib le  hypotheses,  then a ty p ica l  sub ject  generated le ss  than o n e - f i f t h  of 

the possib le  hypotheses.

An important cons idera t ion  in comparing the average individual  to the pooled 

group average to ob ta in  the 19.2 percent s t a t i s t i c  i s  the  exhaust iveness  of  

the pooled group hypothesis  s e t s .  I f  the pooled hypothesis s e t s  can be shown 

to  be impoverished, then the 19.2 percent  s t a t i s t i c  would be an underest imate 

of  the proportion of  a l l  acceptable hypotheses generated by the  average 

su b jec t .

In the absence of an omniscient  automobile mechanic consultan t ,  a permutation 

ana ly s i s  was conducted to  evaluate the exhaustiveness of the pooled s e t s .  

Pooled hypothesis s e t s  were examined fo r  every possib le group composed of  two 

sub jec t s  to c a lcu la te  the mean (expected) number of d i s t i n c t  hypotheses in the 

pooled s e t .  S im i la r ly ,  a l l  poss ib le  pooled s e t s  were examined fo r  groups of  

each possible  s i z e ,  up to the l im i t  of the t o t a l  number of s u b jec t s .  Separate
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analyses were conducted for  the novice group, the exper t  group and fo r  a l l  

sub ject s  combined. Results  for  the novice and exper t  groups are  l i s t e d  in 

Table 4. Figure 1 i s  a p lo t  of summary r e s u l t s ,  averaged across problems-

In s e r t  Table 4 and Figure 1 about here

The plots  of Figure 1 suggest tha t  adding one more hypothesis  genera to r  to  a 

group produces roughly the same enrichment of the pooled se t  o f  hypotheses 

whether the add i t iona l  sub jec t  i s  an expert or a novice.  Also p lo t t e d  in 

Figure 1 i s  a curve represent ing  the slope of the  "combined" permutation 

curve,  ca lcu la ted  fo r  a group of s ize  i  as the number of hypotheses in  the  

mean pooled se t  of the group of  s ize  i  minus the number of hypotheses in 

the mean pooled s e t  of the group of s ize  i  -  1. (The number o f  hypotheses

generated by zero ind iv idua ls  was s e t  a t  zero .)  The poin t  of i n t e r e s t  of  the  

"slope" curve i s  the func t iona l  value a t  the abscissa value of 12, the t o t a l  

number of sub jec t s  in the study .  This value is  r e l a t e d  to the exhaust iveness  

of the pooled se t  of  hypotheses. A slope approaching zero a t  12 would would 

ind ica te  t h a t  incorpora t ing  a 13th subjec t  would not enr ich the pooled s e t .  

However, as  the number of sub jec t s  approaches 12, the slope appears to leve l  

o f f  a t  about 1, ind ica t ing  th a t  an addi t ional  s u b jec t  would be expected to  

enr ich the pool by one hypothesis  t h a t  was not generated by any of th e  o the r  

sub jec t s .

The number of hypotheses data was also  analyzed by employing a simple model of 

hypothesis genera t ion .  To simulate the data p lo t t e d  in  Figure 1,  i t  was



Hypothesis

23

supposed th a t  the re  i s  a f ixed number of hypotheses,  N, ava i l a b l e  to a 

group of su b je c t s .  Each sub jec t  generates a f ixed p ropor t ion ,  S, of  those 

not  generated previous ly  (sampling without replacement. )  Thus, the average 

sub jec t  working in d iv id u a l ly  would generate SN hypotheses.  A typ ica l  

group of two s u b jec t s  would generate SN + S (N -  SN) 

hypotheses,  and so on. This recurs ive  d es c r ip t io n  of  the scdal can bo

represented as a l i n e a r  d i f f e r e n t i a l  equation.  Le t t ing  X symbolize the 

number of d i s t i n c t  hypotheses generated by a group,  Y can be defined as 

the  f i r s t  d e r iv a t iv e  of  the function r e l a t i n g  number of  sub jec t s  in a group to  

the  corresponding X value .  S pec i f i c a l ly ,  Y can be defined fo r  a group 

of  s ize  i  as the X value a t  i  minus the X value  a t  i  -  1.

Now, S can be expressed as a function of X, Y and N:

A couple of elementary a lgebra ic  operat ions a re  needed to  transform Eq. 1 into 

the  fol lowing equa t ion :

*  (t ^ t ) ^ ( 2 )

In terms of the  parameters  of the standard r eg ress ion  equation Y = fiX 

+ b,  the parameters of the model a re ;
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S = iflrr  (3)

h
N = — — (4 )

This model was f i t t e d  to  the mean data (averaged across  problems and across 

sub jec t s )  fo r  the  exper t ,  novice and combined groups. Results a re  l i s t e d  in 

Table 5.

I n s e r t  Table 5 about here

Also l i s t e d  in Table 5 are the c o r r e l a t i o n s  between the a c tu a l  values of  X 

and the values p red ic ted  by applying the d e f in i t i o n a l  r ecu rs ive  rep re sen ta t ion  

of the model. That i s ,  f o r  the f i r s t  X value for  the novice group, 3.43,  

the pred ic ted value would be S x N = ( .17 9 ) (1 8 .1) = 3.24.  Apart from

the r a th e r  l a rg e  magnitudes of  the c o r r e l a t i o n s ,  th e  s i g n i f i c a n t  ent ry  in 

Table 5 i s  the N parameter  fo r  the combined group, 21.5.  By th e  yards t i ck  

of t h i s  model, the  combined group of 12 sub jec t s  f a i l e d  to generate (21.5 -  

17.8) = 3.7 hypotheses per  problem, on the average.

Another in d ica t io n  of th e  exhaust iveness of the hypothes is  s e t s  can be 

obtained by d i r e c t  examination of the hypotheses themselves. Table 6 con ta ins



Hypothesis

25

a l l  hypotheses generated by subjec ts  fo r  Problem 5.

I n s e r t  Table 6 about here

The hypotheses are l i s t e d  in three ca tegor ies :  those genera ted  by a t  le as t

one of the novice sub jec t s  but by none of the experts ,  those  generated by a t  

l e a s t  one of  the  exper t s  but  by none of the novices and those  genera ted by a t  

l e a s t  one novice and one exper t  sub jec t .

I t  i s  d i f f i c u l t  but not impossible to  generate addi t ional  hypotheses fo r  any 

of  the problems. For example, in Problem 5, no subjec t  suggested t h a t  the

problem could be due to a defec t ive  or overlooked a f te r -market  a n t i - t h e f t

device in the v eh ic le .  Another p o s s i b i l i t y  is  t h a t  the s t a r t e r  relay could be 

d e fe c t iv e  or  the  wiring could have been tampered with by a t h i e f  in a f u t i l e  

at tempt to "hot wire" the ca r .  This considerat ion and the  permutation 

a n a ly s i s  provide converging evidence in support of the con jec tu re  th a t  pooled 

hypothesis  s e t s  ac ross  a l l  12 sub jec t s  are not exhaustive and th us  the average 

s u b je c t  generated s i g n i f i c a n t l y  le ss  than o n e - f i f t h  of  a l l  possible 

hypotheses.

An examination of Table 5 r evea ls  another aspect  of the genera ted  hypotheses

t h a t  was apparent  in a l l  problems: the hypotheses generated by the expert

su b je c t s  seemed t o  be much more s p ec i f i c  than those generated by novices.  For 

example, two exper t s  generated the hypothesis  "neutral  s a fe ty  switch" 

(d e fe c t iv e ) ,  which i s  highly s p e c i f i c .  This hypothesis  was not  generated by

any of the novices.  Hypotheses represen ta t ive  of those genera ted by novices
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but not  by experts  include “a l t e r n a t o r  broken" and “voltage regula tor"  

(d e f e c t iv e ) .  Both of these hypotheses are non-specif ic;  a car  wil l  s t a r t

read i ly  with e i the r  a broken a l t e r n a t o r  or a defec t ive voltage regu la to r ;

e i t h e r  d i f f i c u l t y  would lead to a s t a r t i n g  problem only i n d i r e c t l y .

One poss ib le  explanation fo r  t h i s  pa t t e rn  i s  th a t  the experts  were able to  

r e c a l l  a g rea te r  number of p o s s i b i l i t i e s  and applied an " i t  must be spec i f ic "  

c r i t e r i o n  to  reduce the number of  hypotheses to a reasonable number, such as a 

memory span.  Conversely, novice s u b jec t s ,  having le s s  knowledge in t h e i r  

semantic long term s to r e s ,  would sometimes consider  hypotheses only i n d i r e c t ly  

r e l a t e d  to the data in order to generate a comparable number of hypotheses.

Another avenue to account fo r  t h i s  pa t te rn  of r e s u l t s  i s  to  consider  each 

group in terms of the two s t r a t e g i e s  i d e n t i f i e d  by Hart (1975). Hart termed 

the s t r a t e g y  of t r ac ing  cause and e f f e c t  pa t te rns  in d e t a i l  to  generate 

hypotheses the "engineering approach." In con t ra s t ,  the technic ian  r e l i e s  on 

experience to  suggest l i k e ly  hypotheses, which are then d i r e c t ly  analyzed.  

Hart commented th a t  when a l l  e l se  f a l l s ,  the technician i s  l i k e l y  to  also  

employ the engineer approach, but only as a l a s t  r e s o r t .  Logical

cons idera t ions  suggest th a t  exper t  sub jec t s  would be inc l ined  t o  employ a

techn ic ian  approach, while novices would be more l i ke ly  to  employ the engineer 

approach.  An examination of the hypotheses generated by sub jec t s  suggested 

t h a t  t h i s  was the case; hypotheses generated by experts  seemed to be d i r e c t ly  

l inked to  the  described malfunctions, while novices'  responses o f ten  could be 

l inked only in d i r e c t l y  to  the da ta ,  v ia a causal chain.  Presumably, the

reason th a t  novices would be more inc l ined  to adopt the "engineer" s t ra t egy .
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t rac ing  out causal  l i nks  during hypothesis  genera t ion ,  was t h a t  t h e i r  semantic 

s t o r e  was not  as r i c h  as the t y p i c a l  e x p e r t ' s  s t o r e .  These d i f f e r i n g  

s t r a t e g i e s  may also help account fo r  the  pauci ty of v e rb a l iza t io n s  by expert  

s u b jec t s .
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Ecgbability Estimates

The mean p ro b a b i l i t y  es t imate  was 69-2 percent  fo r  novices (range: 17 to 98)

and 67.5 fo r  exper ts  (range:  27 to 100.) A s i g n i f i c a n t  problem in  evalua ting

s ub jec t s ' '  p r o b a b i l i s t i c  es t imates  i s  the  u n a v a i l a b i l i t y  of v e r id i c a l  values ,  

which have proven usefu l  in demonstrat ing t h a t  s u b jec t iv e  es t imates  were 

t y p i c a l l y  excessive in s im i la r  con tex ts  ( e .g .  see Mehle, Gettys,  Manning, Baca 

and F i s h e r ,  1979). In an at tempt to e s t a b l i s h  t h a t  e s t im a te s  obtained in t h i s  

study were excessive ,  an ana ly s i s  technique dubbed the "they can - t  a l l  be 

r i g h t "  procedure was devised.^ This procedure c o n s i s t s  of examining the 

hypotheses genera ted  fay sub jec t s  and performing permiss ib le  opera t ions  under 

th e  (temporary) assumption t h a t  s u b je c t s  es t imates  a re  cons i s te n t  with the 

axioms of  p robab i l i ty  theory.

To i l l u s t r a t e ,  suppose t h a t  one s u b je c t  genera tes only two hypotheses 

( b a t t e r y ,  r egu la to r )  and est imates the p ro b a b i l i t y  of t h i s  s e t  as 30 percen t .  

Suppose a second s u b jec t  generates only one hypothes is  (ba t te ry )  and es t imates  

i t s  p ro b a b i l i t y  as  50 pe rcent .  Assuming t h a t  the hypotheses a re  mutually 

ex c lu s iv e ,  (a reasonable assumption in t h i s  con tex t ) ,  a  permissible inference 

i s  t h a t  the p ro b a b i l i t y  of the  hypothes i s  " reg u la to r "  i s  80 -  50, or 30 

p e rc e n t .  Working in t h i s  manner, i t  i s  poss ib le  to  obtain a c o l l e c t i v e

es t im a te  fo r  the  p robab i l i ty  of  th e  pooled (over a l l  12 sub jec t s )  s e t  of

hypotheses f o r  a problem. These e s t im ates  are l i s t e d  in Table 7 as the

"unadjus ted es t im a tes" .

I n s e r t  Table 7 about  here
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I f  t h i s  c o l l e c t i v e  est imate i s  in  excess of  100 p e rcen t ,  the  conclusion would 

be t h a t  the co l l e c t io n  of s u b j e c t s '  e s t imates  a re  not  in agreement with the 

p r o b a b i l i t y  theory axioms. In p a r t i c u l a r ,  c o l l e c t i v e  es t imates  well in excess 

o f  100 percen t  suggest s trongly  t h a t  a ty p i c a l  s u b jec t  would be excess ive .  

Such a r e s u l t  would not permit an i d e n t i f i c a t i o n  of any p a r t i c u l a r  sub jec t  as 

extreme; r a t h e r ,  i t  would lead to  a c h a ra c t e r i z a t i o n  of  the typ ica l  subjec t  as 

extreme.

One problem with t h i s  approach i s  t h a t ,  due to  the  pa t te rn  of  s u b j e c t s '  

responses ,  th e  c o l l e c t i v e  es t imates  are fo r  proper subse ts  of the pooled s e t s ,  

t h a t  i s ,  no es t imates  can be made fo r  some elements of the pooled s e t s .  I t  

seems reasonable to assume t h a t  the re  a re  no i n t r i n s i c  d i f fe rences  between 

hypotheses included in the c o l l e c t i v e  es t imate  and those excluded.  (This 

assumption may be suspect ,  but i t  i s  not r e a l l y  c r u c i a l  to  the conclus ion .)  

To compensate for  t h i s  d i f f i c u l t y ,  e s t im a tes  were adjusted by simply 

mul t ip ly ing  by the number of hypotheses in the pooled s e t  and dividing by the 

number of hypotheses used to compute the unadjusted es t imate .  This adjustment 

i s  equ iva len t  to  es t imating the p ro b a b i l i t y  of hypotheses excluded from the 

c o l l e c t i v e  es t imate  as the mean of those included in th e  c o l l e c t i v e  es t imate .

These "ad jus ted"  est imates are a l so  l i s t e d  in Table 7.  Both the  ad justed  and 

th e  unadjusted es t imates  support  the conclusion t h a t  sub jec t s  "could not a l l  

have been r i g h t " .  The ty p ica l  sub jec t  was excess ive in a ssess ing  the 

p r o b a b i l i t y  o f  generated hypotheses.  For example, the mean ad jus ted  es t imate  

o f  the  c o l l e c t i v e  s e t  i s  504 pe rcen t ,  which i s  c l e a r ly  in excess of  100
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pe rce n t .  I t  should be noted th a t  t h i s  ad justed  es t imate i s  a l so  somewhat of 

an underest imate.  The pooled se t  of a l l  hypotheses generated by sub jec t s  i s  a 

proper subset of  the se t  of a l l  accep table hypotheses, for  reasons  d iscussed 

in the previous “Generated Hypotheses" sect ion .
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Summary

The main r e s u l t s  of the protocol  analyses included the  f ind ings  th a t  sub jec t s  

e x p l i c t l y  considered hypothesis  consistency and data r e l i a b i l i t y  during 

hypothesis  genera t ion.  While occasionally acknowledging lack of e x p e r t i s e ,  

sub jec t s  genera l ly regarded t h e i r  hypothesis s e t s  as  f a i r l y  exhaus t ive.  The 

p a t t e rn s  of the protocols  suggested th a t  hypotheses were generated in b u r s t s ,  

sometimes accompanied by the construct ion  of p laus ib le  scenar ios .

An analys is  of the generated hypotheses demonstrated t h a t  sub jec t s  generated 

about 3.4 hypotheses per problem, regardless  of whether they were exper ts  or  

novices.  A permutation ana lys i s  and content cons idera t ions  led to  the 

conclusion th a t  hypothesis s e t s  obtained by pooling the responses of  a l l  

s ub jec t s  were incomplete. Typical sub jec ts  generated le ss  th a t  o n e - f i f t h  of 

the acceptable hypotheses fo r  a problem, while regarding t h e i r  generated s e t s  

as  f a i r l y  exhaust ive.  Analyses of the p ro b a b i l i s t i c  responses yie lded  a 

conclusion th a t  subjec ts  were ty p ica l ly  quite  excessive in t h e i r  es t imates .

Taken toge ther ,  the r e s u l t s  of these analyses lead to a r a t h e r  discouraging 

c h a ra c te r i za t io n  of the ty p i c a l  hypothesis generator  in t h i s  s tudy.  The 

ty p i c a l  subjec t  generated qu i te  impoverished s e t s  of hypotheses, yet  assessed 

t h e i r  hypothesis s e t s  as  nearly exhaust ive.  I f  low perce ived p l a u s i b i l i t y  of 

the  hypothesis s e t  does serve as the stimulus for  resumption of hypothesis  

genera t ion a c t i v i t i e s  (Gettys and F isher ,  1979), then s ub jec t s  do not generate  

hypotheses when they should in real-world problem-solving s i t u a t i o n s .  I t  i s  

c l e a r l y  not optimal,  working with a l imited information-processing system, for
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sub jec t s  to  always carry  an exhaust ive s e t  of hypotheses through the

decision-making process,  p a r t i c u l a r l y  when the number of  hypotheses in an 

exhaust ive s e t  i s  extremely l a rg e .  However, in appl ied s e t t i n g s ,  the re  e x i s t s  

a la rge  c l a s s  of decision problems which requ i re  the  decision maker to 

generate exhaus t ive,  or  nearly exhaust ive,  hypothesis  s e t s  — fo r  example, in 

nuclear  power and medical dec is ion making. In such problems, genera t ing  less  

than one f i f t h  of the poss ib le  hypotheses may be very co s t ly .  Encouraging

decision  makers t o ,  for  example, make use of an a r t i f i c i a l  memory aid to

enrich the s e t  of hypotheses considered,  holds promise fo r  s i g n i f i c a n t l y

improving the e n t i r e  decision process .
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Table 1 

Problem Stimuli

Number Problem Stimuli

THE CAR IS AMERICAN WITH AN EIGHT CYLINDER ENGINE AND AN AUTO­
MATIC TRANSMISSION: IT IS TWO YEARS OLD AND IS DUE FOR A TUNE 
UP. THE PROBLEM IS THAT THE CAR REFUSES TO START. THE ENGINE 
TURNS OVER AND THERE IS A GAS SHELL

THE CAR HAS A MANUAL TRANSMISSION AND A SIX CYLINDER ENGINE. 
IT IS AN IMPORTED MODEL AND IS LESS THAN A YEAR OLD; IT HAS 
HAD A RECENT TUNE UP. YOUR SPOUSE COMPLAINED THAT ALTHOUGH THE 
CAR STARTS FINE, IT IS MAKING STRANGE NOISES. ALSO, BOTH THE 
^OIL" AND THE HOT' WARNING LIGHTS CAME ON WHILE DRIVING BACK 
FROM A SHOPPING TRIP.

THE CAR IS AMERICAN WITH A FOUR CYLINDER ENGINE AND AN AUTOMA­
TIC TRANSMISSION. THE CAR IS FIVE YEARS OLD AND IS IN NEED OF 
A TUNE UP. THE CAR TROUBLE MENTIONED BY YOUR SPOUSE WAS THAT 
THE CAR IS HARD TO START AND THE "HOT' WARNING LIGHT COMES ON 
WHEN THE CAR IS DRIVEN FOR ANY LENGTH OF TIME.

THE CAR IS A FOREIGN FOUR-CYLINDER MODEL WITH A MANUAL TRANS­
MISSION. IT HAS HAD A TUNE-UP RECENTLY AND IS LESS THAN TWO 
YEARS OLD. THE PROBLEM WITH THIS CAR IS THAT THE ENGINE HAS A 
TENDENCY TO DIE AT EVERY STOP SIGN AND STOP LIGHT. THE CAR 
STARTS FINE AND NO WARNING LIGHTS ARE COMING ON.

YOUR CAR IS SEVEN YEARS OLD AND IS AN AMERICAN SIX-CYLINDER 
MODEL. IT HAS AN AUTOMATIC TRANSMISSION AND HAS HAD A TUNE-UP 
RECENTLY. YOUR SPOUSE COMPLAINED THAT THE CAR WOULD NOT START 
— IT WAS TOTALLY DEAD. THERE WAS NOT EVEN A CLICK WHEN THE 
KEY WAS TURNED.
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Table 2 

Pro toco l  Frequencies

Novices Experts

Subject Total  Number Subject Total  Number
L e t te r of Pro toco ls Le t te r of  Protocols

A 74 6 244
B 70 H 36
C 87 I 68
D 539 J 48
E 177 K 60
F 55 L 13

Mean per
Problem 33.4 15.6

Mean per
Subject 167 78.2

Median per
Subject 80.5 54
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Table 3 

Hypothesis Frequencies

Novice Subjects Expert Subjects

Mean Number Mean Number
Problem of Hypotheses Number in of Hypotheses Number in
Number per Subject Pooled Set per Subject Pooled Set

1 3.17 14 3.17 10
2 2.33 11 2.83 8
3 4.67 19 4.00 17
4 3.17 9 2.67 10
5 3.33 10 4.17 11

Mean 3.43 12.6 3.36 11.2

Novice and Expert Subjec ts (Pooled)

Number of Mean Number
FToblem Unacceptable of Hypotheses Number in
Number Hypotheses per Subject Pooled Set

1 2 3.17 18
2 1 2.83 14
3 1 4.33 28
4 2 2.92 15
5 1 3.75 14

Mean 1.4 3.40 17.8
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Table 4 

Permutat ion  Analysis  

Mean Number of Hypotheses in  Pooled Groups

Novices

Number in  iPooled Group

rrou icn
Number 1 2 3 4 5 6

1 3.2 6.0 8.5 10.7 12.5 14.0
2 2.8 5.1 6.9 8.5 9.8 11.0
3 4.7 8.0 11.1 13.9 16.5 19.0
4 3.2 5.0 6.3 7.3 8 .2 9.0
5 3.3 5.5 7.1 8.2 9.2 10.0

Experts

1 3.2 5.4 7.0 8.2 9 .2 10.0
2 2.8 4.6 5.8 6.6 7.3 8.0
3 4.0 7.2 10.1 12.9 15.5 18.0
4 2.7 4.3 5 .8 7.3 8 .7 10.0
5 4.2 6.1 7 .6 8.9 10.0 11.0
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Model F i t t i n g  Results
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Group

Novice

Expert

Combined

Sampling Number of

.179

.196

.134

18.1

15.5

21.5

C orre la t ion

Rate (S) Hypotheses (N) of  X to  X

.999

.998

.998
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T a b l e  6

Hypotheses Generated on Problem 5

Hypotheses Generated By At Least  One:

Novice but no Experts Expert but no Novices Novice and One Expert

A lte rna to r  broken Neutral safety switch Battery cab les  broken
Mechanical breakage Ign i t ion  switch Battery te rm ina l s
Voltage r e g u la to r Stolen Motor S ta r t e r

Not in 'P '  or 'N' Ig n i t io n
Slipping b e l t
Solenoid
Battery



Table 7

C o l l e c t iv e  Estimates of  Hypothesis 

Set P r o b a b i l i t i e s  (Percent )

Hypothesis

Problem Number
Type of  --------------------------------------------------------
Estimate 1 2 3 4 5 Mean

Unadjusted
Estimate 301 250 269 263 199 256

Adjusted
Estimate 542 389 628 564 398 504
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Figure Caption

Plo tt ed  a re  th e  r e s u l t s  of a permutation a n a ly s i s ,  averaged ac ross  f ive  

problems. The “combined" curve was obta ined by pooling a l l  12 s u b je c t s  in the 

study.  The "slope"  curve is  the r a t e  of change of the  "combined" curve.  I f  

the slope is  no t  e f f e c t i v e l y  zero a t  12 sub jec t s ,  th e n  the pooled s e t  of 

hypotheses over 12 sub jec t s  could be regarded as incomplete.
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