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Depaxtnien t  o f  Psycholog y 
Stanfor d Universit y 
Stanfor d C A 9430 4 

Kazu o Shigemas u (kshige@bayes.c.u-tokyo.ac.jp ) 
Departmen t  o f  Art s an d Science s 

Toky o Univerist y 
3-8- 1 Komab a Megur o Toky o 

Abstrac t 

How does time pressure affect cognitive behavior when 
solvin g problem s i n a n uncertai n environment ? 

We foun d substantia l  evidenc e that ,  unde r  tim e pres -
sure ,  decisio n maker s ca n no t  appl y knowledge-base d 
action ,  eve n i f  tha t  approac h i s absolutel y necessar y fo r 
solvin g th e problem .  Th e presen t  stud y aim s t o explai n 
thi s phenomeno n i n term s o f  th e subjectiv e probabil -
it y  o f  th e uncertai n event s associate d wit h th e problem . 
Our  mode l  insist s tha t  overestimatin g th e possibilit y o f 
gettin g correc t  answe r  wit h rule-base d action ,  affecte d 
by tim e pressur e an d th e attitud e o f  decisio n makers , 
lead s t o th e persistenc e o f  rule-base d action .  Th e ex -
periment' s result s supporte d th e propose d model . 

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

How doe s tim e pressur e aflFec t  cognitiv e behavio r  whe n 
solvin g problem s i n a n uncertai n environment ? I n recen t 
studie s Rohna(1986)investigate d th e cognitiv e proces s o f 
an offshor e installatio n manage r  an d McLennan(I997 ) 
investigate d th e rapi d decisio n makin g o n th e fir e 
ground .  Thes e studie s demonstrate d tha t  Recognition -
Prime d Decisio n Making(RPD)(Klein ,  1989)i s th e effec -
tiv e strateg y fo r  rapi d decisio n making .  Klein ,  Calder -
wood an d Clinton-Cirocc o (1986 )  foun d tha t  eve n ex -
per t  decisio n maker s hk e fir e fighter s woul d no t  b e abl e 
t o conside r  a  wid e rang e o f  respons e option s becaus e o f 
tim e pressure .  F ro m investigatin g m a n y experts ,  the y 
suggeste d effectiv e mode l  o f  decisio n makin g applyin g 
by expert s a s R P D mode l  i n whic h decisio n make r  i s be -
comin g awar e o f  event s tha t  hav e occurred ,  an d relyin g 
on experienc e t o recogniz e thes e events .  Thi s mode l  i s 
ver y simila r  t o th e rule-base d actio n suggeste d b y Ras -
mussen.  I n thi s presen t  stud y w e analyze d decisio n mak -
in g unde r  tim e pressur e usin g Rasmussen' s theory .  Ras -
mussen (Rasmussen,1986 )  describe d thre e stag e model s 
of  performanc e wit h whic h peopl e arriv e a t  decisions .  A t 
th e lowes t  leve l  i s  skill-base d actio n primaril y involvin g 
sensori-moto r  coordination .  I n th e secon d stag e rule -
base d action ,  th e reaction s ar e semi-automati c an d d o 
not  requir e an y consciou s analysis .  T o solv e familia r 
problem s rule-base d actio n i s th e mos t  effectiv e perfor -
mance an d decisio n make r  unde r  tim e pressur e lik e fire 
groun d commander s lik e t o us e rule -  bcise d actio n fo r 
rapi d decisio n makin g (Klein ,  1989) . 

Many othe r  studie s (Svenso n an d Maule,199 3 etc.)als o 
investigate d ho w peopl e appl y rule-base d actio n i n eval -
uatin g th e proble m an d choosin g relevan t  rules .  T h e 

presen t  study ,  however ,  investigate s cognitiv e behav -
io r  i n th e fac e o f  problem s lik e unfamilia r  problems , 
whic h ca n no t  b e solve d b y rule-base d action .  Fo r 
unfamilia r  problem s knowledge-base d actio n i s  neces -
sar y performance .  Knowledge-base d actio n i s th e thir d 
cognitiv e stag e i n whic h th e decisio n make r  mus t  con -
sciousl y analyz e th e natur e o f  th e situatio n an d creat e 
ne w rule s applicabl e t o th e unfamilia r  task .  I n suc h a 
case ,  knowledge-base d actio n i s applicabl e bu t  i t  require s 
mor e tim e an d cognitiv e loa d t o execut e tha n rule-base d 
action .  Ther e i s  substantia l  evidenc e that ,  unde r  tim e 
pressure ,  decisio n maker s ca n no t  appl y knowledge-base d 
action ,  eve n i f  tha t  approac h i s absolutel y necessar y fo r 
solvin g th e problem .  T h e presen t  stud y aim s t o explai n 
thi s phenomeno n i n term s o f  th e subjectiv e probabilitie s 
fo r  th e uncertai n event s associate d wit h th e problem . 

Model of decision making under time 

pressur e 

T o solv e problems ,  peopl e first  tr y t o us e holdin g rule s 
applicabl e t o th e problems .  However ,  i n th e cas e o f 
solvin g unfamilia r  problem s peopl e don' t  hav e applica -
bl e rule s fo r  solvin g th e problems .  I f  al l  keepin g rule s ar e 
inapplicabl e peopl e hav e t o realiz e tha t  knowledge-base d 
actio n i s th e effectiv e approac h fo r  solvin g th e prob -
lems .  Rapidl y applyin g knowledge-base d actio n lead s 
t o rapidl y solvin g problems .  However ,  w e assume d tha t 
unde r  tim e pressur e peopl e can' t  appl y knowledge-base d 
actio n eve n i f  tha t  approac h i s absolutel y necessar y fo r 
solvin g th e problem .  Eve n afte r  tryin g al l  th e applicabl e 
rules ,  the y retr y th e sam e inappHcabl e rules ,  an d the y 
ca n no t  appl y knowledge -  base d action ,  whic h lead s t o 
stickin g t o rule-base d action .  W e tr y t o explai n thes e 
phenomen a i n ternn s o f  decisio n making . 

I n th e cas e o f  rule-base d action ,  a t  eac h poin t  i n th e 
proble m solvin g process ,  decisio n maker s hav e t o choos e 
on e rul e fro m m a n y usefu l  rules .  I f  applyin g th e chose n 
rul e turn s ou t  no t  t o advanc e th e solution ,  anothe r  rul e 
i s chosen .  Thi s proces s continue s unti l  th e proble m i s 
solved .  W e assume d tha t  i n orde r  t o choos e on e rule , 
th e decisio n maker s evaluat e th e subjectiv e probability , 
whic h describe s th e degre e o f  usefulnes s o f  th e rul e fo r 
solvin g problems .  T h e decisio n maker s choos e th e rul e 
whic h obtain s th e highes t  subjectiv e probability .  I f  th e 
rul e i s inapplicable ,  th e decisio n maker s m a y tr y t o us e 
th e rul e obtainin g th e secon d highes t  subjectiv e proba -
bility ,  an d s o on .  However ,  th e presen t  stud y i s focuse d 
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i n whic h decisio n maker s can' t  solv e problem s wit h rule -
base d actio n an d mus t  mov e t o knowledge-base d action . 
WV assume d tha t  decisio n maker s hav e som e threshol d 
whic h determine s th e switc h fro m rule-base d actio n t o 
knowledge-base d action .  Whe n th e possibilit y  o f  gettin g 
a correc t  answe r  wit h rule-base d actio n fall s  belo w th e 
threshol d ,  the y decid e t o mov e t o knowledge-base d ac -
tion .  Thi s stat e valu e i s describe d a s follows : 

Pt{0) = p^p(v;) 

P.(„ )  =  Pt{n- l )  +  [iPA{V„))-PiiVr,) ] 

= P,(\] )  +  E'„ ,̂[{Pa(V,))-P,{V,)]{1 ) 

k= l . . . n (2 ) 

where n is the number of trials and V, is the rule which 
decisio n maker s us e o n i  trial .  Pap(V< )  i s th e primair y 
subjectiv e probabilit y  o f  rul e V ,  describin g th e possibil -
it y  o f  gettin g th e correc t  answe r  wit h 0  <  P4p(Vj )  <  1 . 
Befor e startin g t o solv e th e problem ,  th e decisio n maker s 

firs t  se t  th e startin g poin t  PAp{ ^  i )  wit h thei r  intuition . 
The subjectiv e stat e change s throug h th e tria l  a s pre -
sente d i n equation(2) .  PAi^i )  ' s  th e subjectiv e probabil -
it y  describin g usefulnes s o f  ruleV̂ ;  wit h 0  <  PAiVi )  <  1 
> Pl{ î )  i s  th e subjectiv e probabilit y  describin g th e use -
lessnes s o f  ruleV ;  wit h 0  <  Pi{Vi )  <  1 .  P,(n )  i s th e tota l 
subjectiv e stat e valu e unti l  tria l  n  describin g th e possibil -
it y  o f  gettin g correc t  answe r  wit h rule-base d action .  W e 
denote d Pt{n )  a s "stat e value "  no t  probabilit y  becaus e 
peopl e can t  kee p la w o f  probabiht y al l  th e time .  Th e 
decisio n maiker s decid e t o mov e fro m rule-base d actio n t o 
knowledge-base d actio n whe n Pt(n )  <  (̂threshold) .  I n 
thi s presen t  stud y 6  i s se t  t o 0 ,  meanin g tha t  possibiht y 
of  gettin g correc t  answe r  go t  0  an d peopl e giv e u p apply -
in g rule-base d actio n an d decid e t o mov e t o knowledge -
base d Jiction . 

The presen t  stud y als o propose d th e mode l  o f  evalu -
atio n o f  subjectiv e PAi^i )  describin g th e usefulnes s o f 
ruleV ;  an d /*/ (  V, )  describin g th e uselessnes s o f  rul e V j  a s 

follows ; 

PAiVi )  =  PAp{V,)*WA i 

Pi(V, )  =  PipiVi).Wi , 

(3 ) 

(4 ) 

Plp{Vi)i s th e primar y subjectiv e probabilit y  o f  rul e V j 
describin g possibilit y  o f  gettin g th e wron g answe r  wit h 
0 <  PipiV, )  <  1 .  Weigh t  WAi,Wi i  expresse s th e rep -
resentativenes s o f  rul e Vi .  Equation(3 )  an d (4 )  describ e 
tha t  i f  th e rul e ha s hig h representativeness ,  th e decisio n 
maker s overestimat e th e usefulnes s o r  uselessnes s o f  th e 
rul e an d lo w representativenes s lead s t o underestimat -
in g th e usefulnes s o r  uselessness .  Th e degre e o f  overes -
timation ,  denote d a s WAi^Wj^ ,  i s  mainl y determine d b y 
representativeness . 

The weightin g functio n i s define d a s follows : 

W . ,  = a 
(5 ) 

l+exp(-0*{r{V,)-C ) 

^'' " l+exp{-0*{riV,)-C) ^^^ 

wher e / 3 denote s passin g tim e wit h 0  <  /? .  / ? become s 
large r  a s tim e passe s fo r  WAi ,  o n th e othe r  hand ,  / 3 be -
comes samlle r  a s tim e passe s fo r  W ^ .  Therefor e t o eval -
uat e usefulnes s o f  rule-bsise d action ,  peopl e focu s onl y o n 
hig h representativ e rule s mor e an d more ,  an d th e bor -
der  degre e o f  representativenes s betwee n focusin g an d 
ignorin g become s highe r  a s tim e passes .  O n th e othe r 
hand ,  whe n evaluatin g th e uselessnes s o f  rule-base d ac -
tion ,  peopl e underestimat e uselessnes s o f  hig h represen -
tativ e rule s an d overestimat e uselessnes s o f  lo w represen -
tativ e rules . 

Q denote s th e degre e o f  overestimatio n o f  th e highes t 
representativ e rul e an d doe s no t  chang e muc h a s tim e 
passes .  Fo r  W4, ,  a  i s larg e and ,  fo r  Ĥ /,, a i s smalle r  tha n 
i t  fo r  Wai -  Thi s describe s tha t  peopl e wan t  t o overesti -
mat e usefulnes s bu t  don' t  wan t  t o estimat e uselessnes s 
as large ,  eve n afte r  hig h representativ e rule s wer e inap -
plicabl e fo r  solvin g th e problem .  Thes e changin g value s 
of  parameter s describ e tha t  peopl e focu s o n hig h repre -
sentativ e rule s an d ignor e th e fac t  tha t  thes e rule s ar e 
inapplicabl e fo r  solvin g thes e problems . 

I n th e nex t  sectio n w e estimat e parameter s fro m dat a 
obtaine d fro m experimen t  an d tes t  thes e hypotheses . 

E x p e r i m e n t  1 

M e t h o d 

Subject s 12 7 student s a t  Toky o Universit y partici -
pate d i n th e experiment . 

Procedur e Ther e wer e tw o session s (exercis e sessio n 
and tes t  session )  i n th e experiment .  W e use d Raven' s 
tes t  fo r  bot h sessions .  First ,  i n th e exercis e session , 
easy tw o tasks ,  includin g rule s fo r  solvin g th e task s wer e 
presented .  Th e rule s fo r  solvin g exercis e task s wer e 
A +  B  =  C  an d A  — B  =  C .  A t  th e en d o f  exercis e ses -
sio n subject s wer e require d t o writ e dow n al l  rule s use d 
fo r  solvin g th e exercis e task s an d numbe r  thes e tasks . 
Subject s wer e informe d tha t  thes e rule s coul d b e use d i n 
th e tes t  session .  Afte r  bein g give n tim e t o thin k abou t 
th e tas k subject s proceede d t o th e tes t  sessio n i n whic h 
an answe r  wa s require d withi n a  fixe d tim e ( 3 minutes) . 
The tes t  tas k coul d no t  b e solve d usin g onl y th e rule s 
learne d i n th e exercis e session .  T o solv e th e tes t  sessio n 
i t  wa s importan t  t o focu s o n th e combinatio n o f  figures. 
I t  wa s necessar y t o discove r  a  ne w rul e t o solv e th e tes t 
task .  On e rul e wa s abou t  th e numbe r  o f  dot s insid e th e 
figures  an d th e othe r  rul e wa s abou t  th e shap e o f  th e fig-
ures .  Therefore ,  obtainin g th e correc t  answe r  require d 
subject s t o mov e fro m rule-base d actio n t o knowledge -
base d actio n withi n th e fixed  time .  Befor e th e tes t  ses -
sion ,  subject s wer e require d t o estimat e th e tw o kind s 
of  possibilitie s o f  gettin g righ t  an d wron g answe r  withi n 
tim e limi t  i n percentage .  Afte r  eac h minute ,  subject s 
wer e require d t o choos e on e rul e mos t  applicabl e t o th e 
tes t  task .  Subject s coul d choos e "ther e i s n o rul e ap -
plicabl e t o th e tes t  task" .  I f  subject s choos e n o rule , 
subject s wer e require d t o writ e dow n othe r  rul e appli -
cabl e t o tes t  task .  Subject s coul d answe r  " I  hav e n o 
ide a righ t  now" .  Subject s wer e require d t o evaluat e th e 
u.sefulnes s an d th e uselessnes s o f  rule s numbere d i n th e 
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exercis e session .  Afte r  choosin g on e rule ,  subject s wer e 
require d t o m a k e circl e o n th e line .  A  circl e a t  th e righ t 
end mean t  th e rul e wa s completel y usefu l  o r  completel y 
useless .  A  circl e o n th e lef t  en d mean t  th e rul e wa s no t 
at  al l  usefu l  o r  no t  a t  al l  useless .  Subject s wer e require d 
t o respon d abou t  al l  th e rule s a t  th e exercis e sessio n I f 
subject s chos e "ther e i s n o rul e applicabl e t o tes t  task " 
fo r  th e previou s question ,  the y wer e require d t o evalu -
at e th e rul e fro m th e previou s question .  Thes e question s 
wer e require d t o b e answere d o n a  separat e pag e t o avoi d 
influencin g othe r  questions .  T h e answe r  t o tes t  tas k wa s 
als o require d afte r  ever y minute .  Afte r  th e tes t  sessio n 
subject s wer e require d t o indicat e whethe r  th e tes t  tas k 
was unfamilia r  tas k o r  not .  Dat a retrieve d thre e time s 
afte r  eax; h minut e wer e use d fo r  analyzing .  W e denote d 
th e first  dat a a s "firs t  ste p data "  ,  th e secon d dat a a s 
"secon d ste p data "  an d th e thir d dat a a s "thir d ste p 
data " 

Result s 12 4 ou t  o f  12 7 subject s answere d tha t  th e tes t 
tas k wa s unfamilia r  task .  Subject s wer e divide d int o 
tw o groups :  thes e solvin g th e tas k (successfu l  group ) 
and thes e no t  solvin g th e tas k (unsuccessfu l  group ) 
withi n tim e limit ,  an d wer e furthe r  divide d int o tw o 
more groups :  thes e applyin g onl y rule-base d actio n an d 
thes e applyin g knowledge-base d actio n i n additio n t o 
rule-base d action .  Thre e researcher s familia r  wit h Rus -
mussen' s theor y divide d subject s int o groups .  Subject s 
choosin g rule s wer e judge d a s performin g rule-base d ac -
tion .  Subject s choosin g "n o rule "  an d i f  th e writte n rul e 
by subject s wa s create d newl y i n th e tes t  session ,  the y 
wer e judge d a s performin g knowledge-base d action .  Sub -
ject s answerin g " I  hav e n o ide a righ t  now "  wer e judge d 
as rule-base d action . 

31 subject s coul d solv e th e tes t  tas k an d 9 6 subject s 
coul d no t  solv e th e tes t  tas k withi n th e tim e limit .  2 6 ou t 
of  3 1 subject s w h o solve d th e tas k withi n tim e limit ,  ap -
plie d knowledge-base d action ,  O n th e othe r  hand ,  onl y 
13 ou t  o f  8 3 w h o couldn' t  solv e th e tas k withi n tim e 
limi t  hav e applie d knowledge-base d action .  F ro m ch i 
squar e tes t  ther e i s a  relatio n betwee n solvin g a  proble m 
and knowledg e base d action(x(l )  =  55.066, p <  .01) . 
I t  ca n b e sai d tha t  t o solv e th e unfamiha r  tas k apply -
in g knowledge-base d actio n i s absolutel y necessary .  Sec -
ondly ,  w e plo t  th e m e a n percentag e o f  gettin g correc t 
answer  wit h rule-base d actio n throug h th e tes t  sessio n 
by finding  ou t  th e differenc e betwee n successfu l  grou p 
and unsuccessfu l  grou p fro m equation(2) .  Thes e ar e i n 
Figur e 1  an d Figur e 2 .  W e foun d tha t  successfu l  grou p 
exceede d th e threshold ,  o n th e othe r  han d unsuccessfu l 
grou p di d no t  excee d th e threshol d withi n tim e limit . 

Thirdly ,  w e estimate d W ^ ,  Wii{ i  =  1,2,3 )  fro m 
equation(3 )  an d (4) .  Ther e wer e thre e kind s o f  data : 
first  ste p data ,  secon d ste p dat a an d thir d ste p data . 
Dat a abou t  whic h subject s answere d "n o idea" ,  an d an -
swere d "ne w idea"bu t  judge d whic h wa s no t  ne w rul e 
wer e no t  included ,  becaus e fo r  thes e dat a representa -
tivenes s o f  rule s coul d no t  b e measured .  Plottin g W j H , 
Wji  an d representativenes s o f  rul e V i  ar e presente d i n 
Figur e 3  an d 4  fo r  successfu l  grou p Figur e 5  an d 6  fo r 
unsuccessfu l  group . 

Figur e 1 :  Possibilit y  o f  gettin g correc t  answe r 

(successfu l  group ) 

Figur e 2 :  Possibilit y  o f  gettin g correc t  answe r 

(unsuccessfu l  group ) 
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Figur e 3 :  Plo t  o f  W-'̂ ,(successfu l  group ) 
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Figur e 6 :  Plo t  o f  iy/j(unsuccessufu l  group ) 

Tabl e 1 :  Estimatio n valu e abou t  successfu l  grou p 

a 
W ai  2.8 7 1.3 8 

W a2 3.8 5 0.9 6 

W a3 4.5 6 -2.9 4 

a P 
H'/ i  2.1 0 -0.2 0 

W i 2 1.7 2 0.9 7 

W j 3 1.7 9 0.8 3 

Wa2 
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representativenes s representativeness 
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representativeness 

Figure 5: Plot of W>ij(unsuccessful group) 

Fort h w e estimat e valu e o f  parameter s a  an d 0  o f  equa -
tion(5 )  an d (6 )  b y leas t  squar e method .  C  i s fixed  a t  0. 5 
fo r  fitting  o f  th e model .  T h e result s abou t  successfu l 
grou p i n th e Tabl e 1  an d unsuccessfu l  grou p i n Tabl e 2 . 
Als o estimate d curv e o f  M^ij.W/ ,  i s  presente d i n Figur e 
7 an d 8  fo r  successfu l  grou p Figur e 9  an d 10 . 

F r o m thes e estimate d values ,  significan t  differenc e be -
twee n successfu l  group s an d unsuccessfu l  group s coul d 
be found .  First ,  subject s w h o solve d th e tes t  teis k withi n 
th e tim e limi t  overestimate d th e hig h representativ e rul e 
mor e tha n subject s coul d no t  solv e th e test .  Second , 
at  th e beginnin g o f  tes t  sessio n successfu l  grou p sub -
ject s tende d t o ignor e th e usefulnes s o f  lo w representa -
tiv e rule s an d onl y focuse d o n hig h representativ e rule s 
But  a s tim e passed ,  the y tende d t o focu s no t  onl y o n 
hig h representativ e rule s bu t  als o o n lo w representativ e 
rules .  O n th e othe r  hand ,  unsuccessfu l  grou p subject s 

Tabl e 2 :  Estimatio n valu e abou t  unsuccessfu l  grou p 

Wax 
Wa2 
Wa3 

a 
3.3 4 

3.5 0 

3.6 2 

/? 
0.6 3 

2.7 9 

15.9 3 

a 
1.8 9 

1.9 7 

2.0 5 

/? 
0.0 0 

-0.6 9 

-1.1 5 
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Figur e 7 :  Curv e o f  Estimate d l̂ Ai(successfu l  group ) 

Wa2 1 

Wa3 1 

-1 0  1 
npiaianutiwia u 

Figur e 9 :  Curv e o f  Estimate d H^aj(unsuccessfu l  group ) 

Figur e 10 :  Curv e o f  Estimate d VV/j(unsuccessfu l  group ) 

repiesBBtatimiBS 

- 2 1 0 1 

Figur e 8 :  Curv e o f  Estimate d VV/ ,  (successfu l  group ) 

tende d t o focu s onl y o n usefulnes s o f  hig h representativ e 
rule s an d tha t  tendenc y increase d a s tim e passed .  Third , 
successfu l  subject s tende d t o focu s o n uselessnes s o f  hig h 
representativ e rule s afte r  failin g t o appl y rule s an d th e 
tendenc y increase d a s tim e passed .  O n th e othe r  hand , 
unsuccessfu l  grou p subject s tende d t o underestimat e o f 
uselessnes s o f  hig h representativ e rule s eve n afte r  failin g 
t o appl y rule s an d overestimat e th e uselessnes s o f  lo w 
representativ e rule s an d th e tendenc y increase d a s tim e 
passed .  W e discovere d thes e result s tha t  overestimatio n 
of  usefulnes s o f  hig h representativ e rule s an d underesti -
matin g o f  uselessnes s o f  hig h representativ e rule s lead s 
t o persistentl y choosin g onl y hig h representativ e rule s 
an d thu s the y don' t  tr y t o appl y othe r  lo w representa -
tiv e rules .  Tha t  lead s peopl e t o no t  excee d th e threshol d 
of  rule-base d actio n an d peopl e can' t  decid e t o appl y 
knowledg e base d actio n an d can' t  creat e th e ne w rule . 

Experiment2 

To tes t  th e mode l  suggeste d i n th e presen t  study ,  th e 
same experimen t  a s Experimen t  1  wa s presente d t o th e 
new subjects .  Fro m thi s data ,  w e estimate d values ,  an d 
tes t  th e dat a tha t  estimate d value s ar e approximat e t o 
actua l  data . 
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Tcibl e 3 :  Correlatio n co«'fficient(succrssfu l  group ) 

r 

W.Al 
H'̂ o 

IV'a 3 

.71 5 

.90 8 

.97 2 

r 
W j , 

Wi2 
VV/3 

.68 1 

.55 6 

.56 1 

Tabl e 4 :  Correlatio n coefficient(unsuccessfu l  group ) 

r 

Wax 

Wa2 
»A3 

.44 8 

.73 6 

.94 1 

r 
Wn 

W,2 

W/3 

.62 0 

.93 0 

.84 2 

M e t h o d 

Subject s 5 5 student s a t  th e Toky o Universit y partic -
ipate d i n th e experiment . 

Procedure The procedure was the same as Experi-
ment  1 . 

Result First subjects were divided into the success-
fu l  grou p an d th e unsuccessfu l  group .  1 0 subject s ou t 
of  5 5 solve d th e tes t  tas k an d 4 5 subject s didn' t  solv e 

th e tes t  task .  W e cadculate d actua l  Wai,Wa2,Wa 3 an d 

^̂ '/i.̂ /2-'̂ V 3 fro m th e equation(3 )  an d (4) .  W e es -
timate d ir^i,tV^2'^A 3 an d Wii,Wj2,Wj 3 o f  th e suc -
cessfu l  grou p an d th e unsuccessfu l  grou p fro m th e equa -
tion(5 )  an d (6) .  Estimate d a  an d ( 3 i n Experimen t  1  wer e 
used .  W e go t  th e correlatio n coefficien t  betwee n actua l 
dat a an d estimate d vcdue s presente d i n Tabl e 3  an d 4 . 
Fro m th e correlatio n coefficient s mos t  o f  th e estimate d 
value s wer e approximat e t o actua l  data . 

Conclusion 

I n th e presen t  stud y w e focuse d o n unfamilia r  proble m 
solvin g an d trie d t o explai n thi s behavio r  a s decisio n 
makin g b y subjectiv e probabilit y  o f  solvin g onl y b y rule -
base d action .  Fro m th e result s o f  experiments ,  w e foun d 
severa l  difference s betwee n successfu l  an d unsuccessfu l 
proble m solvers .  Peopl e wh o coul d no t  solv e problem s 
hav e th e tendenc y t o persistentl y overestimat e hig h rep -
resentativ e rule s an d ignor e lo w representativ e rule s eve n 
afte r  faihn g t o appl y them ,  an d thi s increase d a s tim e 
passed .  Althoug h the y onl y focuse d o n hig h representa -
tiv e rule s fo r  usefulness ,  fo r  uselessness ,  hig h representa -
tiv e rule s wer e underestimated .  Thes e tendencie s cause d 
thos e no t  exceedin g th e threshol d o f  rule-base d actio n t o 

persistentl y choos e rule-base d actio n an d no t  t o decid e 
t o mov e t o knowledge-base d action . 

On th e othe r  hand ,  peopl e i n th e successfu l  grou p first 

onl y focuse d o n th e hig h representativ e rul e fo r  useful -
ness bu t  a s tim e passe d the y focuse d o n no t  onl y th e 
hig h representativ e rul e bu t  als o o n th e lo w represen -
tativ e rule .  Thi s le d t o tr y othe r  rule s afte r  failin g t o 
appl y hig h representativ e rules .  Fo r  uselessnes s the y es -
timat e no t  onl y o n th e lo w representativ e rul e bu t  als o 

on th e hig h representativ e rul e causin g the m t o excee d 
th e threshol d quickl y an d decid e t o mov e t o knowledge -
base d action . 

Some estimate d valu e approximate d actua l  dat a no t  s o 
much.  On e o f  th e reaso n coul d b e sai d tha t  subject s ma y 
be poo r  a t  usin g percentag e o r  thinkin g abou t  represen -
tativenes s cause d b y experienc e o f  outputtin g th e cogni -
tiv e process ,  bu t  w e shoul d analyz e the m further .  How -
ever ,  sinc e mos t  o f  th e estimate d valu e approximate d th e 
actua l  data ,  th e suggeste d mode l  describe d th e behavio r 
of  decisio n making .  Thi s mode l  doesn' t  cove r  th e whol e 
proces s o f  behavio r  unde r  tim e pressur e an d w e coul d no t 
tes t  al l  th e behavior s unde r  tim e pressure ,  bu t  thi s mode l 
coul d b e a  first  ste p i n estimatin g wha t  typ e o f  peopl e 
can solv e unfamilia r  problem s ver y well .  Peopl e wh o de -
sir e t o solv e unfamilia r  problem s wel l  an d quickl y hav e 
t o tr y no t  t o overestimat e possibilit y  o f  applicabilit y  o f 
rule-base d actio n an d alway s focu s o n knowledge-base d 
action . 

I n thi s pape r  w e didn' t  muc h specif y th e differenc e 
meanin g betwee n a  an d 0  bu t  i t  coul d hav e differen t 
meanin g an d w e ca n specif y them ,  ou r  mode l  ca n de -
scrib e decisio n makin g i n mor e detail .  Since ,  i n futur e 
researc h w e shoul d investigat e th e characte r  o f  peopl e 
who ca n estimat e rule s correctl y an d whethe r  leve l  o r 
typ e o f  unfamilia r  problem s affec t  overestimatio n o r  not . 
Als o w e shoul d investigat e ho w ca n peopl e overestimat e 
correctl y an d revis e th e overestimatio n o f  usefulness . 
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