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A Cognitiv e M o d e l  o f  Agent s i n a  C o m m o ns D i l e m m a 

Jose f  Nerb ,  Han s Spad a an d Andrea s M .  Erns t 
Departmen t  o f  Psychology ,  Universit y o f  Freibur g 

D-7908 5 Freiburg ,  German y 
{ n e r b , s p a d a , e r n s t } @ p s y c h o l o g i e . u n i - f r e i b u r g . d e 

Abstrac t 

KIS (knowledge and intentions in social dilemmas) is a pro-
ces s mode l  o f  a  cognitive-motivationa l  theor y o f  actin g i n 
a thre e perso n common s dilemma .  Th e mode l  provide s a n 
experimenta l  too l  t o stud y ho w ecologicall y harmfu l  action s 
evolv e i n common s problem s b y havin g differentl y parameter -
ize d variant s o f  KI S interac t  wit h eac h othe r  an d wit h huma n 
subjects .  KI S model s th e applicatio n an d acquisitio n o f  eco -
logical ,  social ,  an d practica l  knowledg e usin g a  motive-drive n 
decisio n procedure .  T o tes t  thi s model ,  4 2 subject s playe d a 
commons dilemm a gam e i n a n unselfis h o r  greed y socia l  envi -
ronment .  Bot h environment s wer e realize d b y pair s o f  appro -
priatel y configure d KI S variants .  Subject s di d no t  recogniz e 
thes e co-player s a s bein g artificia l  an d judge d thei r  motive s ac -
curately .  Subjects '  behavio r  i n th e unselfis h environmen t  wa s 
wel l  predicted ,  however ,  i n th e greed y environmen t  subject s 
base d thei r  decision s mor e o n th e stat e o f  th e resourc e tha n 
was expected .  T o furthe r  tes t  th e model ,  w e constructe d a  KI S 
varian t  fo r  eac h subjec t  wit h respec t  t o th e assesse d individ -
ual  motiv e structur e an d knowledge .  Thes e variant s playe d th e 
game i n th e sam e environments .  Thei r  action s wer e compare d 
t o th e subjects '  o n bot h a n aggregat e an d individua l  level .  W e 
obtaine d goo d fits  i n th e unselfis h environment .  Systemati c 
deviation s i n th e greed y environmen t  reveale d tha t  unde r  thi s 
conditio n behavio r  wa s mor e determine d b y ecologica l  aspect s 
tha n b y socia l  comparison . 

Introduction 
KI S (knowledg e an d intention s i n socia l  dilemmas ;  Erns t  & 
Spada ,  1993 ;  Ernst ,  1994 )  i s a  mode l  tha t  integrate s assump -
tion s abou t  proble m solving ,  motivation ,  socia l  cognition , 
an d learnin g int o a  cognitive-motivationa l  mode l  o f  a n agen t 
involve d i n a  c o m m o n s dilemma .  A  c o m m o n s (o r  resource ) 
d i lemm a i s a  specifi c  typ e o f  a  socia l  di lemm a (Dawes ,  1980) . 
I t  refer s t o a  situatio n i n whic h a  grou p share s a  c o m m o n re -
sourc e (e.g. ,  fish,  water ,  forest ,  o r  clea n air )  fro m whic h th e 
individua l  m e m b e r  ca n harvest .  I f  to o man y member s tak e 
to o m u c h fro m th e c o m m o n source ,  i t  i s  exhausted .  Thus , 
th e grou p interes t  require s moderat e harvests ,  bu t  persona l  in -
terest s m a y induc e th e individua l  member s t o harves t  exces -
sivel y (Va n Lange ,  Liebrand ,  Messick ,  &  Wilke ,  1992) .  Th e 
classica l  exampl e o f  a  c o m m o n s di lemm a i s wher e herdsme n 
involuntaril y  rui n a  share d pasturag e b y addin g animal s t o 
thei r  individua l  herd s (Hardin ,  1968) .  T w o trap s ar e charac -
teristi c o f  suc h a  d i lemm a situation .  Th e first  i s a  socia l  trap : 
Gai n o f  a n actio n fo r  one ,  losse s t o all .  Th e secon d i s a  tem -
pora l  trap :  Gai n o f  th e actio n now ,  losse s later .  A s a  genera l 
rule ,  th e immediat e gai n fo r  individual s exceed s thei r  shar e i n 
th e damage ,  whic h affect s everybod y i n th e communit y o n a 
lon g ter m basis .  Th e grou p a s a  whol e woul d b e bette r  of f  i f 
everybod y restricte d his/he r  resourc e use . 

C o m m o ns dilemma s ar e typica l  fo r  a  variet y o f  critica l  en -
vironmenta l  problems—suc h a s resourc e depletio n o r  pollu -
tion .  Agent s m a y b e individua l  persons ,  organizations ,  o r 
countrie s a s th e quotatio n illustrates : 

The main reason for over-fishing is one familiar to economists. 
I f  al l  fishermen  restraine d themselves ,  eac h woul d benefi t  fro m 
enlarge d stock s i n th e future .  Bu t  n o individua l  boa t  o r  fleet 
sees an y gai n fro m holdin g bac k unles s i t  know s competitor s 
ar e doin g th e same .  (Th e Economist ,  1 8 Marc h 1995 ,  p .  74 ) 

The benefits of having a computational process model of a 
socia l  agen t  involve d i n suc h a  di lemm a ar e twofold ,  (a )  Ar -
tificia l  socia l  environment s consistin g o f  thes e agent s ca n b e 
create d enablin g th e controlle d variatio n o f  socia l  condition s 
i n experimenta l  work ,  (b )  Thes e artificia l  socia l  environment s 
ca n als o b e use d t o tes t  th e theoretica l  assumption s underlyin g 
th e model ,  i.e. ,  th e mode l  i s abl e t o assis t  it s  o w n evaluatio n 
i n a  non-trivia l  way ,  a s wil l  b e show n later . 

Related Work and Desiderata 

M u ch wor k i n th e are a o f  socia l  dilemma s i s base d o n a 
ver y restricte d ntinimalisti c actio n scenario .  A  minimalisti c 
scenari o i s define d b y tw o ( N )  parties ,  tw o mutuall y exclu -
siv e action s (defect ,  cooperate) ,  an d fou r  (2^ )  possibl e out -
comes (pay-offs )  linke d t o thes e actions .  Usually ,  outcome s 
ar e hel d constan t  i n iterate d games .  Subjects '  decision s (de -
fec t  o r  cooperate )  ar e ofte n analyze d i n th e framewor k o f 
classica l  g a m e theor y (Dawes ,  1980) .  Anothe r  venu e o f  re -
searc h use s Monte-Carl o simulation s (Axelrod ,  1984 ;  Daniel -
son ,  1992 ;  Glanc e &  Huberman ,  1994 ;  Macy ,  1995 ;  M e s -
sic k &  Liebrand ,  1995) ,  wher e tw o o r  mor e artificia l  player s 
emplo y simpl e decisio n strategie s (e.g. ,  tit-for-tat ,  win-stay -
lose-change ,  win-cooperate-lose-defect )  o r  statistica l  deci -
sio n rule s i n iterate d games . 

I n layin g d o w n cognitiv e prerequisite s fo r  adversaria l  prob -
le m solvin g an d socia l  proble m solvin g i n general ,  Thagar d 
(1992 )  complain s abou t  th e neglec t  o f  socia l  inference s (e.g. , 
understandin g intention s an d traits ,  anticipatin g th e actio n o f 
th e opponent )  i n thes e approache s leadin g t o tw o sever e de -
ficiencies:  (a )  th e theoretica l  narrownes s doe s no t  provid e 
a sufficien t  explanatio n fo r  behavior ,  no r  (b )  doe s th e mini -
malisti c scenari o realisticall y accoun t  fo r  th e broa d variet y o f 
possibl e h u m a n behavio r  i n socia l  conflic t  situations .  Thes e 
shortcoming s enormousl y restric t  th e validit y o f  generaliza -
tion s base d o n minimalisti c actio n scenarios . 

I n th e followin g sections ,  w e introduc e a  mor e comple x 
and realisti c instantiatio n o f  a  specifi c  socia l  di lemm a ( a com -
m o ns dilemma) ,  th e Fishin g Conflic t  G a m e ,  an d presen t  a 
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cognitiv e proces s mode l  o f  th e behavio r  i n suc h a  conflic t  sit -
uation ,  whic h allow s t o predic t  an d explai n behavior . 

The Fishing Conflict Game 

One instance of a commons dilemma is the Fishing Con-
flict  G a m e ,  th e stoc k o f  fish  bein g th e resource ,  th e harvest -
in g th e conflic t  partners '  action s (Spada ,  Opwis ,  Donnen , 
Schwiersch ,  &  Ernst ,  1987) .  I n th e settin g o f  thi s game , 
thre e player s ac t  a s fishermen  a t  a  simulate d lake .  The y ar e 
instructe d t o pursu e th e goa l  o f  achievin g a  m a x i m u m gai n 
fro m fishing. A  gam e consist s o f  tw o phases ,  bu t  th e num -
ber  o f  round s i s unknow n t o th e player s beforehand .  Th e 
first  phas e o f  th e g a m e start s wit h th e simulate d resourc e 
(i.e. ,  th e fish  population )  i n th e rang e o f  optimu m propaga -
tion ,  wherea s i n th e secon d phas e th e simulate d resourc e i s 
i n th e rang e o f  suboptimu m propagation .  Th e player s ar e no t 
allowe d t o communicat e wit h eac h other ,  bu t  throughou t  th e 
game eac h playe r  i s informe d abou t  th e othe r  players '  har -
vestin g decisions .  Th e fish  propagatio n rat e i s a  non-linea r 
function ,  whic h i s no t  imparte d t o th e players .  Overharvest -
in g reduce s th e fish  population ,  thu s it s propagation ,  an d sub -
sequently ,  th e possibl e lon g ter m gain .  I n th e extreme ,  i t  m a y 
lea d t o th e extinctio n o f  th e resource .  Fro m a  psychologi -
cal  poin t  o f  view ,  th e settin g tha t  i s simulate d b y th e Fishin g 
Conflic t  G a m e ,  ca n b e characterize d by :  (a )  multipl e agents ; 
(b )  a  dynamicall y changin g environment ;  (c )  inter-individua l 
conflicts :  Th e participant s compet e ove r  th e resource ;  (d ) 
intra-individua l  conflicts :  Give n a  particula r  stat e o f  knowl -
edge an d motives ,  cognitive-motivationa l  conflict s ar e likel y 
t o resul t  (e.g. ,  maximizin g one' s gai n o r  protectin g th e re -
source?) ;  (e )  incomplet e knowledg e abou t  th e robustnes s o f 
th e resource ;  ( 0 incomplet e knowledg e abou t  th e behavio r  o f 
th e othe r  participants ;  an d (g )  knowledg e acquisitio n throug h 
participatio n i n th e game . 

Empirical Findings 

The empirical results point to the importance of several fac-
tor s tha t  influenc e behavio r  i n a  resourc e dilemm a situatio n 
(e.g. ,  Dawes .  1980 ;  Va n Lang e e t  al. ,  1992) .  (a )  A  ubiqui -
tou s finding  i s tha t  behavio r  i s tie d t o th e individua l  motive s 
of  th e participants ,  (b )  Domai n knowledg e an d experienc e 
wit h th e proble m ar e generall y considere d importan t  deter -
minant s o f  th e behavior .  Domai n knowledg e i n th e presen t 
cas e mean s ecologica l  knowledge ,  (c )  Finding s concernin g 
interpersona l  trus t  highligh t  th e rol e o f  socia l  knowledg e i n 
formin g a n estimat e o f  th e othe r  participants '  intention s an d 
predictin g thei r  futur e behavior .  A t  ou r  laboratory ,  a  serie s 
of  five  experiment s wa s conducte d wit h th e Fishin g Conflic t 
G a me (Spad a e t  al. ,  1987) .  Th e findings  ca n b e summarize d 
as follows :  Participant s o f  group s wit h hig h individua l  gain s 
can b e characterize d b y les s destructiv e motives .  The y sho w a 
bette r  ecologica l  an d socia l  knowledge .  A  tit-for-ta t  strateg y 
(i.e. ,  repa y overharvestin g b y overharvesting )  o f  a n instructe d 
participan t  i s misunderstoo d a s unpredictabl e an d exploiting . 
On th e othe r  hand ,  a  confederat e o f  th e experimente r  usin g 
a resourc e adapte d equa l  shar e strateg y bring s abou t  positiv e 
effects :  cooperatio n amon g co-player s an d a  stabl e resourc e 
at  th e stat e o f  a  m a x i m u m sustainabl e yield . 

The Model ' 

KI S (Erns t  &  Spada ,  1993 ;  Ernst ,  1994 )  model s th e behav -
io r  o f  a n agen t  participatin g i n th e Fishm g Conflic t  G a m e .  I n 
th e model ,  w e spel l  ou t  wha t  type s o f  knowledg e an d whic h 
motive s c o m e int o pla y i n determinin g people' s behavio r  i n 
thi s particula r  multi-agen t  situation ,  i n whic h a n agen t  ha s t o 
balanc e multipl e ecological ,  economic ,  an d socia l  short-ter m 
and long-ter m goals .  Furthermore ,  followin g th e desiderat a 
outline d above ,  w e hav e t o b e specifi c  abou t  h o w peopl e un -
derstand ,  anticipat e an d adap t  t o th e behavio r  o f  other s i n 
thes e situations . 

Motives 

I n th e KI S model ,  motive s defin e a  se t  o f  individua l  prefer -
ences ,  tha t  ar e relativel y constan t  ove r  time .  Thi s interpreta -
tio n o f  motive s i s i n lin e wit h th e conceptualizatio n o f  socia l 
value s orientatio n (cf .  Liebrand ,  1984) ,  accordin g t o whic h 
subjects '  preferre d socia l  orientation s remai n invarian t  ove r 
time . 

I n th e KI S model ,  thre e motive s ar e postulate d tha t  corre -
spon d wit h psychologica l  findings  (e.g. .  Va n Lange ,  e t  al. , 
1992) ,  economi c theorie s (e.g. ,  Etzioni ,  1988) ,  an d philo -
sophica l  consideration s (e.g. ,  Danielson ,  1992) :  (a )  greed ,  a 
utilitaristi c '  ge t  a s m u c h a s possible' ,  (b )  resourc e orienta -
tion ,  th e interes t  o r  mora l  obligatio n t o stabiliz e th e resourc e 
at  th e stat e o f  m a x i m u m sustainabl e yield ,  an d (c )  socia l  fair -
ness ,  whic h aim s t o minimiz e th e difference s betwee n th e 
o wn gai n an d thos e o f  th e othe r  players .  I n th e KI S model , 
th e strength s o f  th e motives—grade d a s strong ,  moderate ,  an d 
w e a k — m a ke u p th e s o calle d motiv e structur e o f  a  simulate d 
player ;  differen t  motiv e structure s lea d t o differen t  type s o f 
players .  A s thre e motive s ar e postulated ,  K I S allow s t o con -
struc t  si x differen t  pattern s o f  motiv e structures .  Th e motiv e 
structur e influence s th e decision s o f  a  playe r  an d determine s 
th e evaluatio n o f  a  situatio n a s bein g mor e o r  les s desirable . 

Knowledge, Actions, and Decisions 

I n a  c o m m o n s di lemm a thre e source s o f  knowledg e pla y a 
majo r  role :  ecologica l  knowledge ,  socia l  knowledge ,  an d 
practica l  knowledg e (Spad a e t  al ,  1987) .  Ecologica l  knowl -
edg e refer s t o detectin g th e regularitie s abou t  th e resourc e 
propagation .  I t  improve s wit h experienc e an d i s implemente d 
by a  simpl e learnin g mechanism .  Socia l  knowledg e permit s 
th e ascription s o f  others '  intentions ,  motives ,  an d trustwor -
thines s an d allow s t o predic t  thei r  futur e actions .  Practica l 
knowledg e (Ohlsson ,  1995 )  i s represente d b y actio n schema s 
and a  decisio n procedure . 

Actions An action schema in the KIS model reflects the 
knowledg e o f  h o w t o generat e behavio r  necessar y t o achiev e 
a short-ter m goal .  Furthermore ,  a n actio n schem a i n th e K I S 
model  represent s th e experience s abou t  it s pas t  and/o r  hy -
pothesize d futur e succes s wit h regar d t o th e differen t  m o -
tive s i n th e for m o f  motive-specifi c  schem a strengt h parame -
ters .  Thus ,  a n actio n schem a comprise s a  (short-term )  goal , 
a metho d h o w t o achiev e tha t  goal ,  an d a n evaluatio n h o w 
thi s short-ter m goa l  migh t  satisf y th e differen t  motive s (se e 
Tabl e 1) . 

'KI S wa s implemente d usin g K E E an d C o m m on LIS P o n a 
UNI X workstation . 
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Tabl e 1 :  Actio n schema s withi n th e KI S model . 

short-ter m goal s action s (method s lo r  specifyin g th e catc h quota ) 

^ x (catchQuota*[playerl ]  +  catchQuota*[player2] ) 

| x (catchQuola*[playerl ]  +  catchQuota*[player2] )  x w i 

schem a strengt h parameter s 

gree d fairnes s resourc e 

(a )  equa l  shar e 

(b )  relativ e gai n 

(c )  res .  adapted ,  equa l  shar e |  x  opt imumQuota * 

(d )  overharves t I X opt imumQuota *  x  W 2 

-1 
+1 
-1 

+1 

+1 
-1 

+1 
-1 

0 
0 

+1 
-1 

Note ,  w i  an d W2 ar e greate r  1 .  Schem a strengt h parameter s ar e motive-specifi c  an d chang e throug h learning ;  highe r  value s mea n th e 
actio n schem a i s evaluate d a s mor e usefu l  t o th e motive .  '* '  indicate s tha t  thi s valu e ha s t o b e estimate d b y th e mode l  base d o n it s 
socia l  an d ecologica l  knowledge .  Al l  method s ar e stat e dependen t  an d ar e specifie d fo r  a  gam e wit h thre e players . 

Fou r  actio n schema s ar e implemente d i n th e KI S model : 
(a )  Th e equa l  shar e actio n schem a yield s a  catc h quot a whic h 
i s a s clos e a s possibl e t o th e predicte d quota s o f  th e othe r 
players .  Predictin g others '  catc h quota s i s accomplishe d b y 
bringin g socia l  knowledg e t o bear ,  (b )  Similarly ,  th e relativ e 
gai n maximizatio n actio n schem a i s socia l  i n natur e an d use s 
prediction s o f  th e others '  quota s a s well ,  bu t  th e resul t  wil l 
be a  quot a exceedin g th e others '  quotas ,  (c )  Integratin g bot h 
fairnes s an d ecologica l  concern ,  th e resourc e adapte d equa l 
shar e actio n schem a use s th e equalit y principle ,  bu t  take s int o 
accoun t  th e (estimated )  optima l  resourc e propagatio n a t  th e 
same time ,  (d )  I n contrast ,  th e ecological-socia l  overharvest -
in g actio n schem a generate s a  catc h quot a markedl y abov e 
th e latte r  on e (se e agai n Tabl e 1) . 

Base d o n a  player' s knowledg e abou t  th e curren t  stat e o f 
th e resourc e and/o r  th e catc h quota s t o b e expecte d b y th e 
othe r  players ,  th e selecte d an d instantiate d actio n schem a 
specifie s th e player' s catc h quota .  Thus ,  ther e ar e thre e step s 
take n fo r  goal-directe d action :  (a )  Selectin g a  schem a (buil d 
a short-ter m goal) ,  (b )  instantiatin g i t  (adap t  t o th e situation) , 
and (c )  executin g it s procedura l  par t  (act) .  Th e selectio n pro -
cedur e i s describe d next . 

Decisions A decision in the KIS model consists of selecting 
th e (subjectively )  bes t  actio n schem a i n a  give n situation .  Th e 
decisio n procedur e integrate s th e actio n schem a parameter s 
and th e motiv e structur e int o on e singl e valu e b y simpl y sum -
min g u p th e product s o f  th e motive-specifi c  actio n schem a 
parameter s multiplie d b y th e strengt h o f  th e correspondin g 
motives .  Fo r  instance ,  a  KI S agen t  wit h hig h resourc e an d 
moderat e fairnes s orientatio n usin g th e schem a strengt h pa -
rameter s presente d i n Tabl e 1  woul d decid e fo r  th e resourc e 
adapte d equa l  shar e actio n schema . 

Social Knowledge Implementing the two social action 
schema s (equa l  share ,  relativ e gain )  an d predictin g futur e de -
velopment s o f  th e resourc e require s anticipatin g th e action s 
of  th e fello w players .  Predictio n implie s understanding .  Bu t 
fo r  a n observer ,  th e over t  behavio r  i n th e KI S framewor k i s 
ambiguous ,  becaus e i t  i s  determine d b y a n actio n schem a an d 
by ecologica l  and/o r  socia l  knowledg e (se e metho d par t  o f  Ta -
bl e 1) .  Understandin g a n acto r  thu s essentiall y  consist s o f  dis -
ambiguatin g possibl e explanation s fo r  th e observe d actions . 
Here ,  socia l  knowledg e come s int o play .  Socia l  knowledg e 
allow s a n observe r  t o attribut e short-ter m goal s an d motive s 
t o othe r  people' s actions . 

Accordin g t o th e predominatin g vie w i n socia l  psychology , 
an observe r  act s i n thi s situatio n lik e a  naiv e scientis t  an d 

applie s a  primitiv e theor y o f  min d t o understan d othe r  peo -
ple' s actions .  Thi s approach ,  ofte n calle d 'theory-theory' ,  i s 
at  odd s wit h simulatio n theory '  whic h state s tha t  w e under -
stan d others '  action s i n th e absenc e o f  an y theor y o f  mind ,  b y 
usin g th e resourc e o f  ou r  o w n mind s t o simulat e th e belief s 
and intention s o f  other s (Goldman ,  1993) . 

Recently ,  Barne s an d Thagar d (i n press )  hav e argue d tha t 
thes e alternative s ar e no t  mutuall y exclusive .  I n presentin g a 
computationa l  accoun t  fo r  empath y the y conclude d tha t  em -
path y alway s involve s simulation ,  bu t  m a y simultaneousl y 
includ e theor y application .  The y presen t  a  computationa l 
model  i n whic h th e observe r  trie s t o constru e correspon -
dence s betwee n prio r  o w n experience s an d th e actio n o f  th e 
othe r  perso n b y analogica l  mapping .  Clos e analogie s appea r 
t o involv e littl e o r  n o theoretica l  work .  Long-distanc e analo -
gie s inevitabl y requir e th e applicatio n o f  a  theor y t o compen -
sat e fo r  disparat e situation s an d goals .  A  simila r  vie w i s take n 
i n th e KI S model . 

Becaus e i n th e Fishin g Conflic t  G a m e al l  player s ar e i n 
an identica l  ecologica l  situation ,  th e KI S mode l  interpret s th e 
catc h quot a o f  anothe r  playe r  b y applyin g al l  it s  o w n actio n 
schemas ,  whic h ge t  instantiate d b y th e model' s o w n ecolog -
ica l  knowledge .  Th e mode l  the n compare s th e output s wit h 
th e observe d catc h quota .  Th e actio n schem a whos e resul t 
comes closes t  t o th e observe d behavio r  i s  attribute d a s bein g 
th e short-ter m goa l  o f  tha t  person .  Not e tha t  a s a  consequenc e 
of  thi s process ,  poo r  ecologica l  knowledg e wil l  lea d t o sub -
stantia l  mis-interpretatio n o f  th e observe d behavior . 

I n a  simila r  vein ,  th e guidin g motiv e o f  anothe r  playe r  i s 
determined .  Th e situatio n an d th e alread y ascribe d actio n 
schema ar e fe d int o th e mode l  an d thi s actio n schem a the n i s 
evaluate d fo r  eac h motive .  Again ,  thi s simulatio n i s don e us -
in g th e o w n subjectiv e knowledg e (i n thi s case ,  th e o w n actio n 
schema strengt h parameters) .  Th e motiv e tha t  bes t  explain s 
th e decisio n t o us e thi s particula r  actio n schem a i s considere d 
th e momentaril y  guidin g motiv e o f  th e fello w player . 

Sinc e motive s ar e assume d t o b e relativel y constan t  ove r 
time ,  th e overal l  motiv e ascriptio n i s conservative .  Applyin g 
it s naiv e theor y abou t  motive s an d short-ter m goals ,  th e mode l 
ascribe s tha t  motiv e a s stabl e an d trait-lik e fo r  a  fello w playe r 
whic h i t  ha d determine d mos t  ofte n a s hi s o r  he r  momentaril y 
guidin g motiv e durin g th e whol e game . 

Learning 

The KI S mode l  behave s adaptivel y throug h instantiatin g ac -
tio n schema s t o eac h give n situation .  I n addition ,  knowl -
edg e acquisitio n mechanism s ar e provided .  I n KIS .  al l  learn -
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in g o f  practica l  knowledg e result s i n decreasin g o r  increasin g 
schema strengt h parameters . 

Learning by Doing This mechanism is based on the evalu-
atio n o f  th e consequence s o f  one' s o w n actions .  Learnin g b y 
doin g i s considere d t o occu r  wit h ever y actio n taken ,  l l  onl y 
affect s th e dominan t  actio n schema ,  i.e. ,  th e on e tha t  wa s cho -
sen fo r  action . 

Learning by Mental Simulation Learning by mental sim-
ulatio n i s U-iggere d b y impasse s (Rosenbloom ,  Laird ,  Newell , 
& McCarl .  1991 ;  VanLehn ,  1988) .  I n KIS ,  a n impass e result s 
fro m th e detectio n o f  a n inconsistenc y betwee n th e expecte d 
and th e observed  behavio r  o f  a  co-player ,  o r  whe n a  ti e be -
twee n th e evaluatio n o f  actio n schema s exists .  Th e outcome s 
of  menta l  evaluation s o f  possibl e futur e state s ar e the n in -
tegrate d int o th e strengt h parameter s o f  th e actio n schemas , 
thu s possibl y leadin g t o ne w rankings .  Possibl e futur e state s 
ar e simulate d usin g o w n ecologica l  knowledg e an d b y antic -
ipatin g action s o f  th e co-players .  Menta l  simulatio n i s re -
stricte d t o a  look-ahea d dept h o f  tw o gam e rounds . 

Performance of the Model 

Figur e 1  show s a s a n illustrativ e exampl e th e developmen t 
of  th e resourc e i n a  Fishin g Conflic t  G a m e wit h thre e artifi -
cia l  players .  A  resourc e oriente d artificia l  playe r  wit h ver y 
poo r  ecologica l  knowledg e interact s wit h a  greed y an d a  fair -
ness oriente d artificia l  playe r  wit h goo d ecologica l  knowl -
edge .  Whil e th e greed y playe r  decide s o n hig h catc h quota s 
fo r  severa l  rounds—base d o n th e actio n schema s relativ e gai n 
and overharvesting—an d the n reduce s it s catc h quota s dras -
ticall y du e t o a  negativ e evaluatio n o f  thes e actio n schema s 
i n th e ligh t  o f  a  rapidl y diminishin g resource ,  th e resourc e 
oriente d playe r  take s to o hig h harvest s accordin g t o it s poo r 
ecologica l  knowledge .  Wit h th e negativ e experienc e o f  th e 
thir d round ,  thi s playe r  decide s t o selec t  th e equa l  shar e actio n 
schema.  Thus ,  th e poo r  ecologica l  knowledg e i s overridde n 
by a  sociall y oriente d actio n schema ,  namel y th e equa l  shar e 
schema.  Thi s lead s t o a  recover y o f  th e simulate d resource . 

Evaluation 

The ai m o f  ou r  stud y impose s thre e empirica l  demand s o n th e 
model :  (a )  Th e differen t  artificia l  socia l  environment s define d 
by KI S model s shoul d b e usefu l  a s experimenta l  settings .  O n e 
poin t  i s  tha t  artificia l  agent s shoul d b e believable ,  (b )  Th e 
effect s o f  differen t  socia l  environment s shoul d b e i n lin e wit h 
previou s findings  i n thi s domain ,  (c )  H u m a n an d artificia l 
subject s confronte d wit h th e sam e socia l  environment s shoul d 
behav e i n th e sam e way . 

Method 

T wo experimenta l  environment s wer e buil t  differin g onl y i n 
th e motiv e structur e o f  on e o f  thei r  tw o artificia l  players . 
I n th e unselfis h environment,  thi s playe r  ha d a  dominan t  re -
sourc e orientatio n accompanie d b y a  moderat e fairnes s ori -
entation .  I n th e greed y environment ,  thi s playe r  ha d a  hig h 
gree d orientatio n an d a  moderat e resourc e orientation .  Th e 
othe r  artificia l  playe r  ha d a n identica l  motiv e structur e i n bot h 
environment s bein g highl y fai r  an d moderatel y greedy .  Bot h 
artificia l  player s ha d goo d ecologica l  knowledge .  Th e thir d 
playe r  wa s eithe r  th e huma n o r  a  matche d artificia l  subject . 

resourc e 

5 7  9 
Rounds 

(a )  Fis h populatio n 

resourc e oriente d 
jreed y 
airnes s oriente d 

•a — greed y 
^ — fa i 

•> 1 0 • 

Rounds 

(b )  Catc h quota s 

Figure 1: Development of the resource (a) and individual 
catc h quota s o f  thre e artificia l  player s (b) .  M S Y denote s th e 
rang e o f  m a x i m u m sustainabl e yield .  A  resourc e oriente d 
playe r  wit h poo r  ecologica l  knowledg e (• )  act s i n a  greed y 
socia l  environmen t  (D ,  A ) . 

i.e. ,  a  modele d KI S counterpart .  Fo r  eac h subject ,  w e as -
sesse d i n eac h roun d th e estimatio n o f  th e opt imu m tota l  catc h 
quota ,  th e actua l  catc h quota ,  an d th e ascriptio n o f  short-ter m 
goal s o f  th e co-players . 

Forty-tw o student s too k par t  i n th e experiment s i n singl e 
sessions ,  distribute d equall y betwee n bot h experimenta l  en -
vironments .  Participant s wer e tol d tha t  thei r  co-player s wer e 
seate d i n adjacen t  room s wit h networke d computers . 

Results and Discussion 

(a) Authenticity of Artificial Social Environments Did 
human subject s conside r  th e artificia l  environment s realistic ? 
I n a  short ,  ope n debriefin g sessio n afte r  th e experiment ,  n o 
subjec t  conjecture d tha t  th e co-player s wer e artificial .  More -
over ,  i n a  questionnair e followin g th e g a m e th e frequenc y o f 
correc t  estimation s o f  th e co-players '  dominan t  motive s wa s 
quit e hig h wit h 6 7 % an d 6 9 % correc t  estimation s fo r  th e re -
sourc e oriente d an d gai n oriente d player ,  respectively .  Thus , 
th e mode l  succeede d i n a  kin d o f  Socia l  Turin g Tes t  a s pro -
pose d b y Carle y an d Newel l  (1994) . 
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(b )  Effect s o f  Differin g Socia l  E n v i r o n m e n t s I n lin e wit h 
previou s studie s (Spad a e t  al. ,  1987 ;  V a n L a n g e e t  al. ,  1992 ) 
w e hypothesize d tha t  th e greed y environmen t  woul d lea d sub -
ject s t o harves t  to o m u c h i n reactio n t o th e catche s o f  th e 
greed y artificia l  player .  A s a  consequence ,  ba d overal l  eco -
logica l  performanc e shoul d result .  T h e unselfis h environmen t 
i n tur n w a s expecte d t o lea d t o a  g o o d resourc e m a n a g e m e n t , 
i.e. ,  ecologicall y adapte d catche s an d a  goo d overal l  yiel d 
(join t  gain )  f r o m th e resource . 
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(a )  Catc h quota s (b )  Fis h populatio n 

Figur e 2 :  Catc h quota s (a )  an d ton s offis h (b )  i n bot h environ -
ments .  R o u n d s ar e poole d int o group s o f  thre e startin g wit h 
th e thir d round .  Dat a represen t  average d value s (A' ^  =  42 ) . 

According to predictions and reflecting the very dilemma 
structur e o f  th e g a m e ,  th e join t  gai n o f  al l  thre e player s w a s 
highe r  i n th e unselfis h environmen t  ( M =  432.0 )  tha n i n th e 
greed y environmen t  ( M =  302.9) ,  /(40 )  =  8.38 ,  p  <  .0001 . 
For  furthe r  statistica l  analysis ,  catc h quota s an d th e a m o u n t  o f 
fish  i n th e resourc e wer e poole d int o group s o f  thre e startin g 
wit h th e thir d round .  Usin g thes e poole d variables ,  A N O V A s 
containin g th e between-subjec t  variabl e o f  socia l  environ -
m e nt  (unselfis h o r  greedy )  an d th e within-subjec t  variabl e 
o f  round s (3-5 ,  6-8 ,  9-11 ,  o r  12-14 )  wer e computed .  Fo r 
bot h variable s (catc h quota s an d a m o u n t  o f  fish  i n resource) , 
th e A N O V A s reveale d significan t  (al l  p s <  .05 )  ma i n effect s 
fo r  environmen t  (Fs(l,40 )  — 4.3 8 an d 70.43 )  an d fo r  round s 
(Fs(l , I20 )  =  3.0 6 an d 11.18) ,  an d a  significan t  interactio n 
betwee n environmen t  an d round s (Fs(l,120 )  =  11.2 3 an d 
13.31) .  Figur e 2  show s th e respectiv e means . 

W h e r e a s i n th e unselfis h environmen t  th e resourc e re -
m a i n e d stabl e durin g th e first  phas e an d recovere d rapidl y i n 
th e secon d phase ,  th e resourc e w a s twic e exploite d nearl y t o 
extinctio n i n th e greed y environmen t  (Figur e 2b) .  A s pre -
dicted ,  subject s i n th e unselfis h environmen t  behave d sensi -
tivel y t o th e siz e o f  th e resourc e throughou t  th e entir e g a m e — 
takin g m o r e w h e n th e fish  populatio n w a s hig h an d vic e 
v e r s a — a n d exhibite d positiv e transfe r  o f  thei r  acquire d eco -
logica l  k n o w l e d g e f ro m th e first  phas e t o th e secon d phase . 
Subject s i n th e greed y environmen t  s h o w e d a  notabl e devi -
atio n f ro m thi s principle .  A t  th e beginnin g o f  th e secon d 
phase ,  wh i c h starte d fo r  bot h environment s wit h a  n e w fish 
populatio n o f  7 0 tons ,  the y exhibited ,  o n th e average ,  catc h 
quota s fa r  abov e th e correspondin g quota s i n th e unselfis h en -
vironment .  B u t  besid e thi s exceptio n an d contrar y t o predic -
tions ,  subject s i n th e greed y environmen t  showe d relativel y 
lo w catc h quotas ,  w h e n th e resourc e w a s o n th e w a y t o extinc -
tion .  Becaus e subject s shoul d hav e acquire d almos t  identica l 
ecologica l  k n o w l e d g e i n th e fist  phas e o f  th e g a m e ,  w e inter -
pre t  th e hig h quota s i n th e greed y environmen t  a t  th e begin -
nin g o f  th e secon d phas e a s retaliatio n i n conjunctio n wit h a n 

attemp t  t o compensat e a  meagr e yiel d durin g th e first  phas e i n 
whic h th e gree d oriente d simulate d playe r  ha d overexploite d 
th e resourc e dramatically . 

18 

16 

14 

12 

10 

8 

-  6 

4 • 

•  unselfis h environmen t  (KIS ) 
-• — unselfis h environmen t  (subjects ) 
o greed y environmen t  (KIS ) 

- e — greed y environmen t  (subjects ) 

3- 5 6- 8 9-1 1 
Rounds 

(a) Catch quotas 

12-1 4 

160 1 

(1> y 3 
(1 W lU 
c 
. c 
0) 
o 
r J o 
F < 

140 

120 

100 

80 

60 

40 

20 

3- 5 6- 8 9-1 1 12-1 4 
Rounds 

(b) Fish population 

Figure 3: Subjects (solid lines) and their artificial counter-
part s (dashe d lines) :  Catc h quota s (a )  an d ton s o f  fish  (b )  i n 
bot h environments .  R o u n d s ar e poole d int o group s o f  thre e 
startin g wit h th e thir d round .  Dat a represen t  average d value s 
( N =  42) . 

(c) Comparison between Human and Artificial Subjects 
On th e basi s o f  thei r  behavio r  i n th e secon d roun d o f  th e 
game,  w e categorize d ou r  subject s a s mor e resource ,  fairness , 
or  gree d oriented .  The n w e buil t  th e motiv e structur e o f  th e 
KI S mode l  accordin g t o ou r  diagnosi s t o matc h eac h subjec t 
by a  twin .  Similarly ,  w e adjuste d th e ecologica l  knowledg e o f 
th e artificia l  subjects .  Th e ai m o f  thi s desig n wa s t o compar e 
th e behavio r  o f  huma n an d artificia l  subject s fro m Roun d 3 
onward . 

On a n aggregate d level ,  w e replicate d th e effect s concern -
in g th e fish  populatio n fo r  bot h environment s (Figur e 3b) . 
Althoug h th e environment s (i.e. ,  th e experimenta l  manipula -
tions )  themselve s contribut e t o thi s finding,  i t  i s nevertheles s 
importan t  fo r  a n unbiase d compariso n o f  catc h quotas . 

For  th e mea n catc h quota s o f  th e artificia l  subjects ,  w e ob -
taine d a  goo d fit  fo r  th e unselfis h environment .  I n th e greed y 
environment ,  th e artificia l  subject s showe d m u c h highe r  catc h 
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quota s i n th e first  phas e compare d t o ou r  subjects .  I n fac t  thi s 
i s i n lin e wit h earlie r  empirica l  findings  (Spad a e t  al. ,  1987) . 
But  w e als o go t  differen t  trend s i n bot h phase s (Figur e .̂ a) . 
Contrar y t o huma n subject s i n th e greed y environment ,  th e 
artificia l  subject s too k i n reactio n t o th e overharvcsiin g o f 
th e othe r  player s eve n mor e althoug h th e fish  populatio n wa s 
decreasing .  O n a n individua l  level ,  w e coul d mode l  abou t 
one thir d o f  ou r  huma n subject s exactly ,  mainl y du e t o goo d 
fits  betwee n pair s withi n th e unselfis h environment .  Fo r  th e 
greed y environment ,  thi s analysi s reveale d majo r  disparities . 
Most  notably ,  th e modele d subject s harveste d mor e tha n hu -
man subject s i n th e first  phas e an d consequentl y di d no t  sho w 
compensatio n o r  retaliatio n behavio r  a t  th e beginnin g o f  th e 
secon d phase . 

Thes e mismatche s sugges t  a n importan t  shortcomin g o f  th e 
KI S model .  KI S assume s th e existenc e o f  stabl e motive s tha t 
guid e behavior .  I n th e Fishin g Conflic t  Game,  motive s them -
selve s ca n b e affecte d b y situationa l  factor s (e.g. ,  whe n th e 
stat e o f  th e resourc e diminishe s dramatically )  an d b y emo -
tiona l  reaction s (retaliation) . 

Conclusions 

A majo r  contributio n o f  thi s researc h consist s i n usin g a  pro -
ces s mode l  fo r  definin g plausible ,  realistic ,  an d believabl e 
agent s i n artificia l  socia l  environments .  Th e validit y o f  th e 
model  wa s teste d i n a  stud y tha t  wa s designe d b y mean s o f 
thes e environments .  Ou r  prio r  finding,  tha t  a  resourc e adapte d 
equal  shar e strateg y ha s positiv e influenc e o n th e co-player s 
by producin g predictabl e an d ecologicall y sensibl e behavior , 
was confirme d an d coul d b e explaine d b y th e model .  I n a 
greed y socia l  environment ,  th e mode l  di d no t  accoun t  appro -
priatel y fo r  th e influenc e o f  situationa l  an d emotiona l  aspects . 
But  despit e thi s shortcoming ,  th e mode l  allow s t o creat e re -
activ e an d sufficientl y realisti c socia l  learnin g environment s 
base d o n a  broa d rang e o f  differen t  artificia l  agents .  A n ad -
vantag e o f  suc h a  procedur e i s tha t  on e ca n defin e standard -
ize d sequence s o f  learnin g opportunities ,  fo r  whic h th e effect s 
can b e deduce d o n th e basi s o f  th e model . 
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