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L e a r n i n g f r o m I n d i f f e r e n t  A g e n t s 
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Schoo l  o f  Compute r  Science ,  Carnegi e Mello n University ,  Pittsburgh ,  P A 1521 3 

(Received: March 14, 1990) 

Abstract. In many situations, learners have the opportunity to observe other agents solving 

problem s simila r  t o thei r  own .  Whil e no t  a s favorabl e a s learnin g fro m full y explaine d solutions , 

thi s ha s advantage s ove r  solvin g problem s i n isolation .  I n thi s pape r  w e describ e th e genera l 

situatio n o f  learnin g fro m indifferen t  agent s an d outlin e a  preliminar y theor y o f  ho w i t  ma y 

affor d improve d performance .  Becaus e on e o f  ou r  long-ter m goal s i s t o improv e educationa l 

methods ,  w e identif y a  domai n tha t  allow s u s t o observ e human s learnin g fro m indifferen t 

agents ,  an d w e summariz e verba l  protoco l  evidenc e indicatin g whe n an d ho w human s learn . 

Keywords: multi-agent domains, learning by doing, learning from examples, protocol analysis 

1. Introduction 

While getting out of my car, I saw another driver lock a bar-like object across his parked 

car' s steerin g wheel ,  an d I  aske d myself ,  "Wh y di d h e d o that? "  (A s i t  turn s out ,  i t  i s  a  thef t 

deterrenc e devic e designe d t o inhibi t  steerin g th e car. )  Peopl e ofte n fin d themselve s askin g 

suc h questions ,  indicatin g tha t  the y buil d predictiv e models ,  appl y the m t o othe r  people ,  an d 

attemp t  t o explai n surprisin g behavior .  On e benefi t  o f  thi s curiousity-drive n behavio r  i s  tha t  i t 

can revea l  nove l  strategie s use d b y othe r  agents ;  strategie s tha t  migh t  otherwis e b e foun d onl y 

afte r  extensiv e experimentation . 

I n mor e detail ,  le t  u s conside r  thre e possibl e learnin g situations .  I n each ,  a n agen t  ha s 

operators ,  a  tâ k t o perform ,  an d a n indicatio n o f  whe n th e tas k i s complete d successfully ;  th e 

agent  mus t  lear n whe n t o appl y operator s t o complet e th e task .  I n th e first  learnin g situation , 

an agen t  learn s i n isolation ,  perhap s b y tryin g operator s an d seein g wha t  the y do .  Thi s i s calle d 

learnin g b y doin g (cf .  Simo n &  Anzai ,  1989) ,  an d th e agen t  onl y see s outcome s tha t  resul t  fro m 

his/he r  actions .  I n th e secon d situation ,  a  teache r  demonstrate s successfu l  an d unsuccessfu l 

sequence s o f  operators .  Thi s i s calle d learnin g fro m example s (Carbonell ,  Michalski ,  &  Mitchell , 

1983) ,  an d th e outcome s a n agen t  see s ar e no t  biase d b y th e curren t  stat e o f  his/he r  learning . 

I n th e thir d situation ,  a n agen t  learn s wit h othe r  agent s tha t  hav e simila r  operator s an d task s 

but  withou t  a  teacher .  W e cal l  thi s learnin g fro m indifferen t  agent s t o denot e ou r  interes t  i n 

situation s wher e th e agent s ar e neithe r  cooperativ e no r  antagonistic .  Her e th e agen t  ha s tw o 

source s o f  outcom e observations :  (a )  thos e resultin g fro m his/he r  ow n actions ,  an d (b )  thos e 

arisin g fro m th e behavio r  o f  othe r  agents .  I n thi s thir d situatio n th e context s surroundin g 

observe d agents '  action s ar e likel y t o b e underspecifie d becaus e th e reasonin g o f  othe r  agent s 

may b e base d o n unobservabl e factors . 

Learnin g fro m indifferen t  agent s involve s a  wide-sprea d clas s o f  situation s tha t  aris e wheneve r 

ther e ar e multipl e agent s wit h comparable ,  bu t  independen t  resource s an d tasks .  Lik e th e 

steerin g whee l  example ,  peopl e frequentl y hav e th e opportunit y t o observ e th e behavio r  o f 
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other s withou t  knowin g exactl y wliicl i  factor s lea d t o tha t  behavior .  Thi s ca n happe n becaus e 

the y ar e competin g o n a  tas k o r  bccauK c th e overhea d o f  communicatio n doe s no t  benefi t  th e 

observe d person .  H o w d o peopl e mak e us e o f  thes e observations ? W e hypothesiz e tha t  learner s 

may us e th e behavio r  o f  anothe r  agen t  fo r  tw o ends :  (a )  a s a  sourc e o f  novel ,  potentiall y  usefu l 

operato r  application s ("Wh y di d h e d o that?") ,  an d (b )  a s a  sourc e o f  evaluatio n fo r  curren t 

operato r  us e ("Sh e doe s tha t  too") .  W e furthe r  hypothesiz e tha t  learner s wil l  i n fac t  mak e 

use o f  thi s informatio n wheneve r  the y ar e abl e t o adequatel y specif y th e situatio n surroundin g 

th e behavior .  I f  to o littl e i s know n abou t  wh y th e observe d agen t  behave d a s the y did ,  the n 

learner s wil l  b e constraine d t o behav e a s i f  i n a  learnin g b y doin g situation .  Conversely ,  i f  i t  i s 

relativel y eas y t o determin e factor s leadin g t o th e observe d agent' s behavior ,  the n learner s wil l 

lear n highe r  qualit y knowledg e mor e quickly . 

2. A sample learning task 

Card games are relatively simple task environments that afford opportunities for one agent 

t o lear n fro m another .  Eac h playe r  ha s comparabl e resource s an d goals .  I n som e ways ,  car d 

games rela x unrealisti c assumption s mad e i n othe r  games .  Specifically ,  becaus e player s canno t 

see eac h other' s card s an d th e card s ar e shuffled ,  car d game s d o no t  involv e th e assumption s 

tha t  agent s hav e complet e informatio n o r  tha t  th e environmen t  i s completel y deterministic . 

Chess ,  fo r  instance ,  satisfie s bot h o f  thes e assumptions ,  an d Backgammo n satisfie s onl y th e 

former . 

As a  domai n o f  study ,  w e hav e chose n th e car d gam e o f  Mil k Borne s (1962 ,  1981 )  (o r  simpl y 

M B ) ,  whic h i s modele d afte r  a  roa d race .  Thoug h th e rule s o f  th e gam e ar e complex ,  an d exper t 

pla y i s difficult ,  lega l  pla y i n M B i s relativel y simple .  Player s begi n wit h si x cards ,  an d o n eac h 

tur n the y dra w an d the n eithe r  discar d o r  pla y a  card .  Ther e ar e thre e type s o f  cards :  distanc e 

card s playe d t o advanc e alon g th e roa d (25 ,  50 ,  75 ,  100 ,  an d 20 0 miles) ,  hazar d card s playe d 

t o temporaril y  sto p a n opponen t  (Fla t  Tire ,  Ou t  o f  Gas ,  Accident ,  Stop ,  an d Spee d Limit) , 

and remed y card s playe d t o recove r  fro m hazard s (Spar e Tire ,  Gasoline ,  Repairs ,  Roll ,  an d 

End o f  Limit ,  respectively) .  Ther e i s als o a  clas s o f  super-remed y card s calle d safetie s tha t 

bot h remed y curren t  hazard s an d protec t  fro m futur e one s (Punctur e Proo f  tire ,  Extr a Tan k o f 

gasoline ,  Drivin g Ace ,  an d Righ t  o f  Way ,  respectively) .  Th e primar y objec t  o f  th e gam e i s t o 

trave l  eithe r  70 0 o r  100 0 mile s exactly ,  bu t  th e scor e depend s o n a  numbe r  o f  factors ,  including : 

finishin g first ,  usin g onl y distanc e card s les s tha n 200 ,  playin g safeties ,  extendin g th e pla y t o 

1000 miles ,  an d keepin g a n opponen t  fro m playin g an y miles . 

I n thi s initia l  study ,  w e chos e tw o subject s wh o ha d playe d man y car d game s befor e bu t 

had neve r  playe d M B .  The y playe d M B agains t  a  computerized ,  exper t  playe r  fo r  abou t  1. 5 

hour s each ,  thei r  tim e consistin g o f  thre e complet e game s o f  thre e o r  fou r  hand s each. ^  W e 

aske d th e subject s t o thin k alou d a s the y played ,  an d w e recorde d thei r  moves .  On e subjec t 

was instructe d a t  th e beginnin g o f  th e secon d gam e t o tr y t o pa y attentio n t o th e opponent' s 

pla y an d se e wha t  h e coul d learn . 

^Not e tha t  eac h pla y i n a  car d gam e convey s information ,  bu t  becaus e subject s playe d agains t  a 

compute r  implementatio n the y correctl y assume d tha t  th e opponen t  wa s neithe r  tryin g t o teac h the m 

nor  tric k the m wit h it s plays . 
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3 .  E v i d e n c e fo r  l ea rn in g f r o m indifferen t  a g e n t s 

While playing MB, subjects had the opportunity to learn by doing and to learn from the 

indifferen t  agent ,  i.e. ,  th e opponent .  Th e subject s wer e fre e t o choos e i f  an d whe n t o us e eithe r 

technique .  W e ar e intereste d i n ho w ofte n learnin g fro m th e opponen t  wa s used ,  i n whic h 

situation s i t  wa s used ,  an d ho w i t  too k place . 

Learnin g fro m th e opponen t  i s possibl e whe n th e opponen t  use s a  strateg y tha t  th e subjec t 

ca n infe r  fro m th e opponent' s over t  action .  I n M B th e onl y actio n tha t  convey s informatio n 

fro m th e opponen t  t o th e subjec t  i s  th e opponent' s move ,  usuall y a  singl e car d eithe r  playe d o r 

discarded .  I n orde r  t o explai n th e reason s behin d th e opponent' s move ,  th e subjec t  mus t  dea l 

wit h tw o unknowns :  th e card s i n th e opponent' s han d an d th e se t  o f  strategie s tha t  th e opponen t 

i s usin g t o choos e a  move .  On e wa y o f  dealin g wit h thes e multipl e unknown s i s t o assum e tha t 

th e opponen t  ha s th e sam e se t  o f  mov e strategie s a. s oneself .  Usin g thi s assumptio n an d th e 

opponent' s move ,  aspect s o f  th e opponent' s han d ca n b e inferred .  A s lon g a s th e probabilit y 

tha t  th e opponen t  ha s suc h a  han d i s high ,  on e ma y conclud e tha t  th e opponen t  i s usin g a 

know n strategy .  If ,  however ,  th e probabilit y  tha t  th e opponen t  ha s a  han d tha t  woul d lea d t o 

th e observe d mov e i s low ,  on e ma y conside r  alternativ e strategie s tha t  th e opponen t  m a y b e 

using . 

For  example ,  suppos e th e subjec t  ha s a  strateg y t o pla y th e highes t  mil e car d availabl e 

when abl e t o play .  I f  th e opponen t  play s a  10 0 mil e card ,  th e subjec t  ca n explai n thi s mov e b y 

hypothesizin g tha t  th e highes t  mil e car d hel d b y th e opponen t  wa s a  100 ,  whic h i s ver y likely . 

However ,  i f  th e opponen t  discard s rathe r  tha n playin g a  mil e car d eve n whe n abl e t o play ,  th e 

move ca n onl y b e explaine d b y hypothesizin g tha t  th e opponen t  ha s n o mil e cards .  Althoug h 

thi s i s  possible ,  i t  i s  no t  common ,  s o i t  m a y b e usefu l  t o conside r  othe r  strategie s tha t  coul d lea d 

t o thi s behavior .  I f  th e opponen t  i s clos e t o th e 70 0 mil e mark ,  on e alternativ e explanatio n fo r 

th e discar d i s tha t  th e opponen t  i s savin g mil e card s unti l  h e ha s enoug h t o reac h 70 0 exactly . 

Revisin g strategie s i n ligh t  o f  anothe r  agent' s action s require s informatio n abou t  th e contex t 

of  thos e actions .  I f  exper t  strategie s requir e reasonin g abou t  informatio n tha t  i s unobservabl e 

(e.g. ,  content s o f  th e opponent' s  hand) ,  the n i t  wil l  b e difficul t  fo r  subject s t o lear n fro m thei r 

opponents .  Th e convers e i s no t  i n genera l  true ,  though :  i f  exper t  strategie s requir e reasonin g 

abou t  observabl e informatio n (e.g. ,  card s alread y played) ,  i t  m a y stil l  b e difficul t  fo r  subject s 

t o lear n ne w strategie s becaus e o f  th e relativ e differenc e betwee n thei r  strategie s an d optima l 

ones (se e relate d wor k o n expert/novic e differences ,  e.g. ,  Chi ,  Feltovich ,  &  Galser ,  1981) . 

Usin g thi s a s a n initia l  theor y o f  th e proces s o f  learnin g fro m a n indifferen t  agent ,  w e expec t 

tha t  subject s m a y lear n fro m th e opponent' s behavio r  i n tw o ways .  W h e n a  mov e i s explaine d 

by a  strateg y know n t o th e subject ,  th e subjec t  ma y us e thi s informatio n a s a  positiv e evaluatio n 

of  th e strategy ,  becaus e th e opponen t  i s know n t o b e a n exper t  player .  W h e n th e mov e canno t 

be satisfactoril y  explaine d b y curren t  strategies ,  a  ne w strateg y m a y b e learne d i f  th e contex t 

of  th e exper t  strateg y i s observable .  Subject s learne d fro m th e opponen t  i n bot h o f  thes e ways . 

3.1 General observations 

To test the initial theory just presented, we first examined the comments made by the 

subject s afte r  eac h o f  th e opponent' s moves .  C o m m e nt  sequence s referrin g t o wh y th e opponen t 

made a  particula r  mov e mak e u p 3 % o f  th e tota l  numbe r  o f  protoco l  statements ,  showin g tha t 

th e subject s ar e intereste d i n th e opponent' s strategie s an d conside r  the m a  possibl e sourc e o f 

usefu l  information .  Th e majorit y o f  th e remainin g statement s concerne d th e stat e o f  th e gam e 

and th e subject' s o w n strategies . 
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Tabl e 1 .  Learnin g fro m a n indifferen t  agent :  hypothesize d factor s an d response s exhibite d 

by subjects . 

Strateg y 

Name 

Discard-useles s 

Extensio n 

End-limi t 

Discar d 

Safet y 

End-gam e 

Total s 

Strateg y Feature s 

Observ .  Time s Use d 

hig h 3 0 

mediu m 9 

mediu m 4 

lo w 19 5 

lo w 2 6 

lo w 1 3 

— 27 7 

Typ e 

Confir m 

5 

1 

0 

1 

0 

0 

7 

OF Analysi s 

Nove l  Attemp t 

2 2 

0 1 

1 0 

1 6 

0 0 

0 0 

4 9 

Tota l 

9 

2 

1 

8 

0 

0 

20 

We the n categorize d analyse s mad e b y th e subject s int o thre e groups .  Analyse s tha t  ex -

plaine d th e opponent' s behavio r  i n term s o f  a  strateg y currentl y use d b y th e subjec t  wer e 

classe d confirming .  Analyse s tha t  explaine d th e opponent' s behavio r  i n term s o f  strategie s no t 

yet  considere d b y th e subjec t  wer e classe d novel .  Finally ,  analyse s tha t  attempte d t o explai n 

an opponent' s mov e bu t  wer e unabl e t o d o s o satisfactoril y  wer e classe d attempted .  Specifi c 

example s o f  thes e type s o f  statement s appea r  i n th e nex t  section . 

Accordin g t o ou r  theor y o f  th e proces s o f  learnin g fro m th e opponent ,  som e strategie s shoul d 

be easie r  t o infe r  fro m th e opponent' s mov e tha n others .  Strategie s wit h condition s tha t  depen d 

httl e o n th e card s i n th e opponent' s han d wil l  b e mor e observabl e t o th e subjec t  an d therefor e 

easie r  t o identify .  T o investigat e thi s hypothesis ,  w e identifie d six ,  relativel y comple x strategie s 

tha t  subject s faile d t o us e correctl y a t  som e poin t  i n th e games .  Th e si x strategie s are : 

• Discard-useless. How to identify useless cards to discard. 

• Extension. How to decide whether to extend the game to 1000 miles. 

• End-limit. How to decide when to end a Speed Limit hazard. 

• Discard. How to choose a card to discard when none are useless. 

• Safety. How to decide when to play a safety card. 

• End-game. How to decide which miles to play as the final mileage point (which must be 

reache d exactly )  i s  approaching . 

Table 1 lists for each strategy: (a) the observability of the strategy, (b) the number of 

time s th e opponen t  use d th e strategy, ^  an d (c )  th e numbe r  (b y type )  o f  analyse s performe d b y 

subjects .  A t  thi s leve l  o f  detail ,  strategie s ar e compose d o f  a  numbe r  o f  sub-strategies .  W e hav e 

initiall y  encode d thes e usin g i n a  for m simila r  t o Siegler' s (1976 )  encodin g o f  strategie s fo r  th e 

balanc e scal e task .  Eac h analysi s mad e b y th e subjec t  pertain s t o a  particula r  sub-strategy . 

Becaus e th e observabilit y  o f  th e strateg y varie s fro m sub-strateg y t o sub-strategy .  Tabl e 1  list s 

an overal l  quaUtativ e assessmen t  o f  observability . 

^Th e numbe r  o f  time s a  strateg y i s use d i s approximate d b y applyin g a  rationa l  mode l  t o th e observe d 

agent' s behavior ;  exac t  informatio n i s unavailabl e becaus e th e observe d agent' s han d i s unknown . 
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Th e tabl e show s tha t  i n genera l  th e observabilit y  o f  a  strateg y doe s increas e (a )  th e numbe r 

of  analyse s attempte d b y th e subjects ,  an d (b )  th e numbe r  o f  case s wher e a  nove l  strateg y 

i s learned .  Fo r  th e hig h observabilit y  Discard-useles s strategy ,  subject s displa y considerabl y 

mor e analyse s tha n fo r  th e lo w observabilit y  Safet y strateg y alon g bot h o f  thes e dimension s 

(tota l  analyse s 9  t o 0 ,  nove l  analyse s 2  t o 0) .  However ,  th e Discar d strateg y doe s no t  follo w 

thi s pattern .  Althoug h i t  i s  a  lo w observabilit y  strategy ,  subject s stil l  analyz e i t  eigh t  times . 

Anothe r  facto r  appear s t o b e operatin g here :  th e frequenc y o f  exposur e t o a  strategy .  A s 

th e tabl e shows ,  th e Discar d strateg y i s use d b y th e opponen t  extremel y often .  Perhap s wit h 

repeate d exposur e t o th e aspect s o f  th e strateg y whic h ar e observable ,  th e opponent' s han d ca n 

be successfull y inferred .  Thi s frequenc y mus t  b e ver y hig h t o overcom e th e hindranc e o f  lo w 

observability ;  subject s giv e n o analyse s o f  th e lo w observabiht y Safet y strateg y i n spit e o f  th e 

fac t  tha t  i t  occur s thre e time s a s ofte n a s th e mediu m observabilit y  strateg y Extension ,  whic h 

receive s tw o analyses .  Anothe r  potentiall y  relevan t  factor ,  whic h w e hav e no t  considered ,  i s th e 

complexit y o f  th e strateg y compare d t o th e subject' s skil l  level . 

We no w tur n t o a  specifi c  clas s o f  strategie s t o illustrat e th e proces s o f  learnin g fro m indif -

feren t  agent s i n mor e detail . 

3.2 A case study: The discard strategies 

To supplement the high-level, quantitative analysis in the previous section, in this section 

we focu s o n on e subject' s specifi c  analyse s o f  hi s opponent' s discar d behavior .  Becaus e th e 

discar d actio n i s a  par t  o f  m a n y car d games ,  a  perso n familia r  wit h othe r  car d game s (e.g. ,  Gi n 

R u m m y)  bring s discar d strategie s fro m thes e game s t o M B .  Thes e becom e th e initia l  se t  o f 

discar d strategies ,  whic h ar e modifie d durin g pla y a s th e perso n learn s abou t  th e uniqu e feature s 

of  M B .  Studyin g th e protocol s reveal s tha t  th e subjects '  simpl e initia l  discar d strategie s are : 

1. Discard useless cards first. 

2. If no useless cards, discard card of least expected utility: 

(a) Discard duplicate cards by rank. 

(b )  Discar d duplicate s o f  a  categor y b y rank . 

(c )  Discar d single s b y rank . 

These initial strategies are expanded and modified by the subjects as the game progresses. The 

opponent' s fixed  se t  o f  discar d strategie s correspond s t o th e full y  expande d form s o f  thes e tw o 

strategies . 

Th e first  strategy ,  th e Discar d Useles s (DU )  strategy ,  require s th e identificatio n o f  useles s 

cards .  Becaus e thi s featur e i s uniqu e t o M B ,  th e subject s mus t  lear n i t  a s the y play .  Ther e 

ar e severa l  case s i n whic h a  car d become s useless .  Thes e ar e liste d belo w alon g wit h th e gam e 

and han d i n whic h th e strateg y i s first  use d b y a  subject ,  i f  a t  all .  Not e tha t  mos t  o f  th e case s 

do no t  requir e informatio n abou t  th e opponent' s han d an d thu s ar e highl y observable .  Th e 

opponen t  use s a  complet e versio n o f  th e D U strateg y throughou t  th e games . 

1. If the player has played a safety card, the corresponding remedy is useless (Game 1, 

Hand 1) . 

2. If the opponent has played a safety card, the corresponding hazard is useless (Game 1, 

Hand 1) . 
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3.  I f  al l  hazar d card s o f  a  particula r  typ e hav e bee n played ,  th e correspondin g remed y i s 

useles s (no t  used) . 

4. If the player has played two 200 cards, more 200 cards are useless (not used). 

5. If the player is within 50 miles of his final point, the End of Limit (EOL) card is useless 

(Game 3 ,  Han d 2) . 

6. If the opponent is within 50 miles of his final point, the Speed Limit (SL) card is useless 

(Game 3 ,  Han d 2) . 

7. If the player is approaching a final point, mileage cards that put the player over that point 

ar e useles s (Gam e 3 ,  Han d 2) . 

Because the DU strategy is highly observable and often used by the opponent, we expect 

tha t  subject s wil l  b e abl e t o acquir e i t  b y observin g th e opponent' s actions .  On e subjec t  firs t 

identifie s a n instanc e o f  a  useles s remed y b y observin g th e relationshi p amon g hi s ow n cards . 

W h en h e neede d t o discar d fo r  th e firs t  time ,  h e use d Cas e 1  o f  th e D U strategy .  Late r  i n th e 

same hand ,  th e opponen t  discarde d a  useles s remedy ,  an d th e subjec t  wa s quic k t o notic e an d 

explai n thi s behavior ,  perhap s confirmin g hi s ow n strateg y i n th e proces s (Gam e 1 ,  Han d 1 , 

confirming) : 

He discarded a Gasoline, obviously, cause he's got an Extra Tank. 

Thus the subject acquired the first case of the DU strategy by doing rather than from the 

opponent ,  usin g th e opponent' s move s onl y t o confir m th e strategy . 

An interestin g exampl e o f  learnin g a  nove l  D U strateg y fro m th e opponen t  occurre d i n th e 

subject' s acquisitio n o f  th e 5t h an d 6t h case s o f  th e strategy .  W h e n th e subjec t  ha d 67 5 miles , 

he observe d th e opponen t  discar d a  Spee d Limi t  an d attempte d t o explai n th e opponent' s 

behavio r  usin g th e D U strateg y (Gam e 3 ,  Han d 2 ,  novel) : 

He discarded a Speed Limit. Wonder why he did that? Oh, because he knows that 

I  onl y nee d a  2 5 t o wi n i s tha t  why ? 

The subject inferred that the opponent discarded the Speed Limit because it was a useless card. 

Anothe r  possibl e explanation ,  an d i n fac t  th e correc t  one ,  i s tha t  th e opponen t  ha d tw o Spee d 

Limi t  cards .  Th e subjec t  the n deduce d a  versio n o f  th e fifth  instanc e o f  th e D U strategy : 

So I get rid of the End of Limits obviously. 

However, these versions of the DU strategy are slightly incorrect. They test whether the player 

i s withi n 5 0 mile s o f  700 ,  no t  whethe r  th e playe r  i s withi n 5 0 mile s o f  th e final  point ,  whic h ma y 

be 100 0 mile s i f  th e playe r  elect s t o exten d th e game .  I n fact ,  th e subjec t  di d g o o n t o exten d 

thi s game ,  an d afte r  doin g s o discovere d hi s earlie r  error . 

Thi s episod e illustrate s som e o f  th e pitfall s  o f  learnin g fro m indifferen t  agents .  I t  seem s likel y 

tha t  strategie s wit h comple x condition s ar e pron e t o suc h error s (especiall y i f  th e strategie s ar e 

completel y ne w t o th e subject) .  Howeve r  thi s episod e als o show s tha t  th e opponent' s move s 

can b e use d t o acquir e strategie s tha t  migh t  otherwis e b e missed . 

The D U strateg y i s highl y observable .  I f  a  pla y i s no t  possible ,  the n it s us e doe s no t  depen d 

on othe r  card s i n th e hand .  Thi s i s no t  tru e o f  th e secon d initia l  strateg y (discar d th e car d o f 

leas t  expecte d utility) ,  makin g i t  mor e difficul t  t o lear n b y observin g th e opponent . 
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However ,  afte r  observin g th e opponen t  discar d a  2 5 mil e card ,  th e subjec t  i s  successfu l  a t 

modifyin g a  discaj d strategy .  U p t o thi s poin t  th e subjec t  ha d bee n rankin g al l  mil e card s 

abov e remed y an d hazar d caxds .  H e notice d th e opponen t  discardin g a  25 ,  an d considere d th e 

possibilit y  o f  changin g hi s rankin g o f  lo w mileag e card s i n certai n situation s (Gam e 2 ,  Han d 1 , 

novel) : 

He had to discard, which is good. He discarded his lowest point value. So it seems 

lik e on e ide a i s t o . .  .25 s don' t  see m tha t  important ,  especiall y i f  yo u hav e tw o o f 

the m lik e I  d o .. .  becaus e yo u ma y nee d a  2 5 t o finis h .. .  t o ge t  exactl y t o 700 ,  bu t 

More often, however, a subject remarks on the opponent's discard and gives an unsatisfac-

tor y explanation ,  unabl e t o infe r  th e correc t  strateg y fro m th e observatio n (Gam e 2 ,  Han d 1 , 

attempted) : 

He just discarded a Roll Card, boy, why did he do that? He must be pretty desperate 

t o discar d a  Rol l  Card .  H e mus t  hav e a  lo t  o f  those . 

These specific examples of learning discard strategies from observing the behavior of the 

opponen t  illustrat e tw o importan t  feature s o f  ou r  theory .  First ,  subject s attemp t  t o explai n 

opponent' s move s firs t  i n term s o f  thei r  ow n strategie s an d then ,  i f  necessary ,  i n term s o f  nove l 

strategies .  Second ,  the y ar e mor e ofte n successfu l  i n thei r  explanatio n whe n th e condition s o f 

th e strateg y ar e highl y observable .  Othe r  factor s influencin g thei r  succes s includ e th e number 

of  opportunitie s t o observ e th e strateg y i n us e an d th e complexit y o f  th e strateg y itself . 

4. Conclusions 

Whether playing a game or living their daily lives, people pay attention to the behavior of 

othe r  cigents ,  an d i n som e cases ,  the y lear n fro m thos e observations .  I n term s o f  th e informatio n 

tha t  th e learne r  sees ,  th e tas k o f  learnin g fro m indifferen t  agent s i s a  composit e o f  learnin g b y 

doing ,  wher e th e learne r  generate s learnin g opportunities ,  an d learnin g fro m examples ,  wher e 

anothe r  agen t  generate s learnin g opportunities . 

Our  initia l  theor y postulate s a  specifi c  relationshi p betwee n th e natur e o f  a n observe d strat -

egy an d th e eas e o f  learnin g i t  fro m a n indifferen t  agent :  th e les s observabl e th e factor s measure d 

by th e strategy ,  th e mor e difficul t  i t  wil l  b e t o learn .  Thi s ha s a  direc t  applicatio n fo r  th e desig n 

of  instructiona l  situations .  I n a  field-classroom  setting ,  t o facilitat e studen t  learnin g b y watch -

in g a n exper t  perfor m a  task ,  ensur e tha t  th e factor s weighte d b y th e exper t  ar e clearl y identifie d 

fo r  students .  I t  ma y no t  b e a s importan t  t o identif y th e expert' s  interpretatio n o f  thos e factor s 

explicitly .  Applyin g thi s principl e t o th e car d gam e w e studie d here ,  w e hypothesiz e tha t  th e 

failur e t o lear n on e o f  th e lo w observabilit y  strategie s (e.g. .  Safety )  ma y b e facilitate d b y th e 

inclusio n o f  eve n smal l  amount s o f  additiona l  informatio n (e.g. ,  th e numbe r  o f  safetie s tha t  th e 

opponen t  has) . 

Our  initia l  theor y i s fa r  fro m a  complet e theor y predictin g th e efficac y o f  learnin g fro m a n 

indifferen t  agent .  Th e protocol s revea l  tha t  subject s d o no t  alway s lear n fro m thei r  opponen t 

eve n whe n th e optima l  strateg y measure s onl y observabl e features ,  tha t  the y d o no t  consis -

tentl y appl y strategie s the y hav e verbalized ,  an d tha t  the y d o no t  consistentl y notic e behavio r 

tha t  i s  inconsisten t  wit h thei r  verbalize d strategies .  A  mor e complet e theor y woul d requir e 

accountin g fo r  th e semanti c distanc e betwee n th e learne r  an d th e observe d agent' s strategies , 

practic e effects ,  an d attentiona l  mechanisms .  I f  a n accurat e an d comprehensiv e theor y coul d 
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be formulated ,  i t  woul d hav e a  slgnificiui t  impac t  o n th e desig n o f  instructiona l  material s an d 

artificia l  learnin g methods . 
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