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Mode l in g th e O p p o n e n t  Facilitate s Adversaria l  P r o b l e m Solvin g 

Bruc e D .  Burn s (burns@rz.uni-potsdam.de ) 
Regin a Vollmeye r  (vollmeye@rz.uni-potsdani.de ) 

Institu t  fU r  Psychologic ,  Universita t  Potsda m 
1441 5 Potsdam ,  German y 

Abstrac t 

Competition can be seen as Adversarial Problem Solving 
(APS) ,  thu s idea s fro m proble m solvin g researc h ca n b e 
applie d t o it .  W e teste d i f  bette r  modelin g o f  th e opponen t  le d 
t o bette r  performanc e i n A P S usin g a  zero-su m gam e playe d 
by pairs ,  bu t  wit h n o obviou s skil l  component .  W e replicate d 
earlie r  result s tha t  showe d tha t  third-orde r  modelin g (i.e. , 
what  I  thin k m y opponen t  think s o f  me :  R 3 M A ) ,  bu t  no t 
second-orde r  mode l  (i.e. ,  wha t  I  thin k abou t  m y opponent : 
R 2 M A)  correlate d wit h performance .  W e als o manipulate d 
who wa s playe d (sam e perso n a s i n a n earlie r  game ,  o r  a 
predetermine d sequence )  an d wh o player s wer e tol d thei r 
opponen t  wa s (sam e o r  different) .  Player s performe d bette r 
when the y coul d appl y th e appropriat e mode l  (i.e. ,  wha t  the y 
wer e tol d matche d th e opponent) .  Therefore ,  w e showe d tha t 
more accurat e modelin g o f  a n opponen t  ca n lea d t o bette r 
APS.  However ,  th e critica l  aspec t  o f  modelin g ma y b e third -
orde r  modelin g accuracy .  W e als o foun d suppor t  fo r  a  gam e 
theor y analysi s o f  th e task . 

Competition as Adversarial Problem Solving 

I n M a y 1940 ,  a  Britis h trawle r  wa s o n it s wa y t o a 
rendezvou s wit h a  Germa n boa t  i n th e Englis h Channel . 
Aboar d th e trawle r  wer e tw o doubl e agent s (Germa n agent s 
w ho wer e actuall y Britis h agents )  cod e name d "Snow "  an d 
"Biscuit" .  Sno w wa s abou t  t o introduc e Biscui t  a s hi s 
subagen t  t o b e take n t o German y fo r  training ,  bu t  i n th e 
murk y worl d o f  double-agents ,  Britis h intelligenc e though t  i t 
unwis e fo r  eithe r  t o k n o w tha t  th e othe r  wa s workin g fo r  th e 
British .  However ,  bot h guesse d thi s fact .  Biscui t  the n 
forme d th e opinio n from  Snow' s behavio r  an d conversatio n 
tha t  h e wa s a  genuin e Germa n agen t  w h o woul d tur n Biscui t 
i n a s soo n a s the y me t  th e boat .  Meanwhil e S n o w decide d 
tha t  Biscui t  wa s a  genuin e Germa n agen t  w h o woul d betra y 
him .  S o Sno w di d everythin g possibl e t o convinc e Biscui t 
tha t  he ,  too ,  wa s a  genuin e Germa n agent ,  whic h confirme d 
Biscuit' s  fears .  Eventually ,  t o aver t  apparen t  disaster ,  Biscui t 
locke d Sno w i n hi s cabi n an d returne d th e boa t  t o England . 
By tryin g t o d o wha t  appeare d t o b e th e righ t  thin g eac h ha d 
contribute d t o th e ultimat e failur e o f  th e missio n (relate d b y 
Watzlawick ,  Weakland ,  «f e Fisch ,  1974 ,  pp .  xi-xii) . 

Proble m solvin g researc h ha s rarel y considere d th e typ e o f 
proble m tha t  S n o w an d Biscui t  wer e tryin g t o solve ,  on e i n 
whic h anothe r  perso n constitute d th e proble m task .  Studyin g 
stati c problem s simplifie s research ,  however ,  man y task s 
whic h fit  th e definitio n o f  proble m solvin g (i.e. ,  tryin g t o 
reac h a  goal )  ar e no t  static .  Unles s th e definitio n o f  proble m 
solvin g i s t o b e restricted ,  an y genera l  theor y o f  proble m 

solvin g mus t  incorporat e suc h tasks . 
Situate d cognitio n researc h ha s emphasize d th e nee d t o 

tak e int o accoim t  othe r  cognitiv e agent s i n th e environmen t 
(e.g. ,  se e Greeno ,  Moore ,  &  Smith ,  1993) .  However ,  suc h 
researc h ha s no t  considere d competitio n betwee n thos e 
agents .  Competitio n betwee n tw o peopl e m a y provid e a 
usefu l  situatio n fo r  th e stud y o f  interactiv e tasks ,  becaus e th e 
goal s o f  th e adversarie s ar e relativel y clear .  Ye t  i n 
competitiv e tasks ,  a  critica l  elemen t  i s tha t  peopl e react ,  an d 
reac t  t o reaction ,  jus t  lik e S n o w an d Biscui t  did . 

Competitio n ha s bee n studie d withi n socia l  psychology , 
but  ofte n onl y i n contras t  t o cooperatio n (se e Axelrod , 
1980) .  Competitio n ha s als o bee n studie d i n economic s an d 
game theor y (se e Rapoport ,  1960) .  Ye t  muc h o f  thi s 
researc h ha s bee n normative ,  an d ha s focuse d eithe r  o n 
explainin g o r  describin g aggregat e outcome s o f  competition , 
or  reaction s t o it .  Littl e o f  thi s researc h ha s she d ligh t  o n th e 
cognitiv e processe s peopl e us e whe n tryin g t o successfull y 
compete .  However ,  i n labelin g competitio n Adversaria l 
Proble m Solvin g (APS) ,  i t  ha s bee n suggeste d tha t 
competitio n ca n b e see n a s proble m solvin g (se e Gilhooly , 
1988 ;  Holding ,  1989 ;  Thagard ,  1992) ,  an d thu s m a y m a k e 
simila r  cognitiv e demands . 

Thagar d (1992 )  propose d a  se t  o f  cognitiv e processe s tha t 
coul d b e involve d i n successfii l  A P S .  I n particular ,  Thagar d 
argue d tha t  acros s man y domain s o f  A P S ,  i t  i s  th e abilit y t o 
model  th e opponent ,  an d furthe r  t o mode l  h o w th e opponen t 
model s you ,  tha t  i s  critica l  fo r  success .  Th e menta l  mode l 
tha t  i s  forme d ca n the n b e use d t o anticipat e an d counte r  th e 
opponent' s actions .  Suc h model s ar e a  resul t  o f  interpersona l 
perception ,  a  topi c wit h a  lon g histor y (se e Kenny ,  1994) . 
However ,  Thagard' s proposa l  concern s accurac y i n 
interpersona l  perception ,  a  topi c tha t  ha s receive d les s 
attention ,  partl y fo r  methodologica l  reason s (se e Kenny , 
1994 ,  ch .  7) .  Mo r e precisel y though ,  th e implicatio n o f 
Thagard' s proposa l  i s  tha t  accurat e modelin g i s no t  th e 
critica l  determinan t  o f  succes s i n an y on e competitiv e event ; 
instead ,  th e critica l  facto r  i s havin g a  mor e accurat e mode l 
tha n you r  opponen t  ha s o f  you . 

A for m o f  modelin g wa s studie d b y Rusche r  an d Fisk e 
(1990) ,  w h o showe d tha t  individual s i n competitio n focu s 
mor e tha n non-competitor s o n tryin g t o individuat e thei r 
opponents ,  particularl y o n task-relevan t  attribute s (althoug h 
competin g group s m a y ten d t o stereotyp e opponents ,  se e 
Brewer ,  1979) .  However ,  the y di d no t  examin e whethe r 
tryin g t o individuat e th e opponen t  improve d performance .  I n 
thi s paper ,  w e attempte d t o empiricall y tes t  th e proposa l  tha t 
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when a  playe r  ca n appl y a  bette r  mode l  o f  th e opponent , 
the n the y wil l  hav e mor e AP S succes s (i.e. ,  reac h th e goa l  o f 

th e competition )  tha n th e opponent . 

A Methodology for Studying APS 

Whil e i t  seem s t o mak e sens e tha t  modelin g a n opponen t 
shoul d pla y a  rol e i n succes s durin g APS ,  ther e i s littl e 
empirica l  suppor t  fo r  thi s intuition .  On e difficult y wit h 
examinin g AP S i s tha t  i t  ofte n involve s task s tha t  ar e ver y 
complex .  Fo r  example .  Holdin g (1989 )  pointe d ou t  tha t 

takin g int o accoun t  a n opponen t  i n a  tas k coul d increas e th e 
searc h spac e o f  proble m state s enormously .  Therefore ,  w e 
neede d a  simple ,  manipulatible ,  competitiv e tas k i n orde r  t o 
tes t  hypothese s abou t  APS .  Th e prisoner' s dilemm a gam e 
woul d no t  b e appropriat e becaus e i t  involve s pressur e 
toward s bot h cooperatio n an d competition .  Thu s th e goal s 
tha t  th e player s choos e ca n change ,  makin g i t  har d t o asses s 
i f  the y hav e reache d them .  Therefore ,  w e use d a  purel y 
adversaria l  game :  a  repeated ,  zero-sum ,  two-playe r  gam e i n 
whic h player s simultaneousl y selec t  th e numbe r  ONE,  TWO, 
or  THREE.  A  Choose r  an d a n Avoide r  playe r  mad e thei r 
selection s i n secret ,  the n eac h playe r  wa s tol d wha t  th e 
opponen t  selected .  I f  th e tw o players '  selection s coincided , 
the n Choose r  wo n th e amoun t  o f  point s tha t  correspond s t o 
th e numbe r  the y bot h selecte d an d Avoide r  los t  th e sam e 
amount  o f  points .  I f  th e players '  number s d o no t  matc h then , 
Avoide r  win s a  poin t  an d Choose r  lose s a  point .  Thus , 
Chooser  coul d wi n u p t o thre e points ,  bu t  Avoide r  coul d 
onl y eve r  wi n on e point .  T o offse t  this ,  Avoide r  wa s 
expecte d t o wi n mor e individua l  trial s  o f  th e game .  Tabl e 1 
present s th e pay-of f  matri x  fo r  thi s game . 

Table 1: Pay-off matrix for the game. Outcome for Chooser 
i s th e firs t  numbe r  i n th e pai r  whil e th e secon d numbe r  i s th e 
outcom e fo r  Avoider . 

Chooser' s 

selectio n 

ONE 
TWO 
THREE 

Avoider' s selectio n 

ONE 
+1/- 1 

-1/+ 1 

-1/+ 1 

TWO 
-1/+ 1 

+2/- 2 

-1 /  +  1 

THREE 

-1/+ 1 

-1/+ 1 

+3/- 3 

Assessin g Modelin g 

To asses s th e participants '  model s o f  eac h other ,  w e 
reasone d tha t  i f  player s ca n accuratel y mode l  thei r  opponent , 
the n the y shoul d b e abl e t o accuratel y asses s characteristic s 
of  thei r  opponent .  Therefore ,  w e ha d participant s us e seven -
poin t  scale s t o respon d t o a  se t  o f  wor d pair s tha t  indicate d 
thei r  genera l  assessmen t  o f  thei r  opponent ,  suc h a s negativ e 
-  positive . 

However ,  ther e ma y b e differen t  aspect s o f  thes e models , 
i n particular ,  ther e ma y b e a n importan t  distinctio n betwee n 
your  mode l  o f  wha t  yo u thin k you r  opponen t  i s like ,  an d 

what  yo u thin k i s you r  opponent' s mode l  o f  you .  Hyman s 
(1989 )  suggeste d tha t  th e latte r  ma y b e critica l  fo r  usin g 
deception .  W e wil l  refe r  t o thes e tw o aspect s a s second -
orde r  an d third-orde r  models ,  followin g Dennet' s (1978 , 
pp.  274-275 )  proposa l  o f  second -  an d third-orde r  intentions . 
Therefore ,  player s rate d th e se t  o f  wor d pair s fo r  thre e 

targets :  themselve s (th e sel f  scale ,  representin g a  first-orde r 
model) ,  thei r  opponen t  (th e opponen t  scale ,  representin g a 

second-orde r  model) ,  an d ho w the y though t  thei r  opponen t 
woul d rat e the m (th e opponent-sel f  scale ,  representin g a 
third-orde r  model) . 

It  wa s no t  clea r  a  prior i  whic h persona l  characteristic s 
shoul d b e critica l  fo r  successfia l  APS .  However ,  ou r 
proposa l  wa s tha t  th e critica l  aspec t  o f  modelin g fo r 

successfu l  AP S wa s ho w accurat e yo u ar e i n wha t  yo u 
though t  abou t  you r  opponent ,  rathe r  tha n you r  actua l 
assessmen t  o f  th e opponent .  Thu s w e use d th e response s 
fro m al l  si x scale s -  th e thre e scale s fro m eac h playe r  -  t o 
deriv e th e accurac y o f  a  player' s second -  an d third-orde r 
model s o f  th e opponent .  T o asses s a  player' s second-orde r 
accurac y fo r  modelin g a n opponen t  w e compare d th e 
player' s ratin g o f  th e opponen t  (th e opponen t  scale )  wit h th e 
opponent' s ratin g o f  hi m o r  hersel f  (th e sel f  scale) ,  b y 
summing th e absolut e difference s betwee n th e rating s o f  th e 
same ite m o n thes e tw o scales .  Third-orde r  modelin g 
accurac y fo r  th e playe r  wa s derive d b y summin g th e 
absolut e difference s betwee n item s o n th e player' s ratin g o f 
'ho w yo u thin k th e opponen t  woul d rat e you '  (i.e. ,  th e 
opponent-sel f  scale )  an d item s o n th e opponent' s actua l 
ratin g o f  th e playe r  (i.e. ,  th e opponent' s opponen t  scale) . 

I f  AP S merel y require s yo u t o b e bette r  tha n you r 
opponent ,  the n i t  implie s tha t  absolut e modelin g accurac y i s 
les s importan t  tha n relativ e modelin g accuracy .  Therefore , 
th e uni t  o f  analysi s i n thes e experiment s shoul d b e th e pai r 
of  players ,  rathe r  tha n individua l  players .  S o w e use d tw o 
measure s o f  relativ e modelin g accurac y calculate d fo r  eac h 
pai r  o f  players :  th e relativ e second-orde r  modelin g accurac y 
(t o b e referre d t o a s R2MA) ,  whic h wa s Avoider' s second -
orde r  modelin g accurac y subtracte d fro m Chooser' s second -
orde r  modelin g accuracy ;  and ,  th e relativ e third-orde r 
modelin g accurac y (t o b e referre d t o a s R3MA) ,  whic h wa s 
th e Avoider' s third-orde r  modelin g accurac y subtracte d 
from  th e Chooser' s third-orde r  modelin g accuracy . 

A Game Theory Analysis 

Games lik e thi s ca n b e analyze d usin g gam e theor y (se e 
Rapoport ,  1960) .  Game theor y i s essentiall y  descriptiv e a s i t 
seek s t o analyz e a  stat e o f  affair s tha t  exists ,  o r  t o predic t  a 
futur e equilibriu m state .  I t  doe s no t  addres s wha t  processe s 
brin g abou t  thi s stat e o f  affairs ,  thus ,  gam e theor y ca n onl y 
predic t  th e equilibriu m poin t  th e player s shoul d ten d 
towards .  However ,  i t  provide d a  usefti l  too l  fo r  analyzin g 
what  shoul d happe n i n ou r  game .  Th e critica l  concep t  wa s 
tha t  o f  a  mixe d strategy .  A  mixe d strateg y assume s dia t  o n 
each tria l  a n alternativ e i s chose n stochasticall y an d 
independen t  o f  th e previou s choices .  Vo n Neuman n (1928 ) 
showed tha t  fo r  an y finite ,  constan t  sum ,  two-perso n game , 
ther e exist s a  mixed-strateg y equilibriu m tha t  specifie s th e 
probabilit y  distributio n wit h whic h eac h possibl e choic e 
shoul d b e randoml y made .  Th e mixed-strateg y equilibriu m 
i s define d a s th e optima l  probabilit y  distributio n fo r  bot h 
players ,  suc h tha t  i f  bot h player s us e th e specifie d 
distributio n fo r  rando m choices ,  the n neithe r  playe r  ca n gai n 
by deviatin g from  th e disfribution .  Thi s probabilit y 
distributio n depend s o n th e pay-of f  matri x  o f  th e game .  Fo r 
our  game ,  th e distributio n wa s selectin g on e wit h 
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probabilit y  .4 6 (mor e precisely ,  6  ou t  o f  ever y 1 3 trials) , 
choosin g T w o wit h probabilit y  .3 1 (4/13) ,  an d thre e wit h 
probabilit y  .2 3 (3/13) .  Wit h thi s distribution ,  Avoide r  woul d 
be expecte d t o wi n a t  leas t  +.07 7 (1/13 )  point s pe r  trial ,  i f 
Avoide r  imitate s a  stochasti c process .  I n thi s game ,  th e 
mixed-strateg y equilibriu m fo r  Choose r  i s th e sam e se t  o f 
probabilitie s a s thos e fo r  Avoider ,  eve n thoug h Choose r  ha s 
an expecte d outcom e of-.07 7 point s pe r  trial . 

A Test of this Methodology 

Studie s b y B u m s (1993 )  an d B u m s an d Vollmeye r  (i n press ) 
applie d thi s methodolog y t o A P S .  A s predicte d b y gam e 
theory ,  th e Avoide r  player s ha d a  clea r  advantag e i n thes e 
studies .  Further ,  th e mea n proportion s wit h whic h Avoide r 
selecte d ONE,  t w o ,  an d thre e wer e clos e t o th e mixed -
strateg y equilibrium .  However ,  th e Choose r  players ' 
proportion s wer e almos t  equa l  fo r  eac h selection ,  althoug h 
th e mixed-strateg y equilibriu m predicte d th e sam e 
proportion s a s fo r  Avoiders . 

Relativ e modelin g accuracie s wer e calculate d a s outline d 
above .  Ther e wa s n o evidenc e tha t  R 2 M A correlate d wit h 
performanc e i n th e gam e a s measure d b y th e cumulativ e 
scor e afte r  th e final  tria l  o f  th e gam e (i n B u m s ,  1993 :  r[48 ] 
= .02 ,  p  =  .88 ;  B u m s an d Vollmeyer ,  i n press :  /•[48 ]  =  -.19 , 
p =  .18) .  However ,  succes s an d R 3 M A correlated ,  (i n 
Bums:  r[48 ]  =  .29 ,  p  =  .50 ;  B u m s an d Vollmeyer :  r[48 ]  = 
.37 ,  p  =  .006) .  Thus ,  i t  appeare d tha t  modelin g wa s 
associate d wit h success ,  bu t  perhap s onl y th e third-orde r 
componen t  wa s critical .  Fo r  n o singl e ite m wer e ra w 
response s associate d wit h success ,  no r  wa s relativ e accurac y 
on an y ite m particularl y associate d wit h performance , 
instead ,  onl y th e overal l  accurac y wa s predictive . 

An Experiment: Manipulating Modeling 

Whil e B u m s (1993 )  an d B u m s an d Volhneye r  (i n press ) 
supporte d th e clai m tha t  modelin g th e opponen t  wa s 
importan t  fo r  success ,  thes e wer e purel y correlationa l 
studies .  T o mor e firmly  establis h a  causa l  lin k fro m 
modelin g t o performance ,  w e directl y manipulate d th e 
usefiilnes s o f  players '  models .  Thi s allowe d u s t o generat e 
and tes t  a  specifi c  prediction :  I f  modelin g th e opponen t  i s 
usefu l  i n A P S ,  the n whe n peopl e ca n us e thei r  model s mor e 
effectivel y the y shoul d d o bette r  tha n whe n the y cannot . 

To tes t  thi s hypothesis ,  w e ha d participant s pla y th e gam e 
twice .  I n G a me 1 ,  pair s o f  participant s playe d 2 5 trial s o f  th e 
game agains t  eac h other .  I n G a m e 2 ,  the y playe d 3 0 trial s 
(startin g fro m a  scor e o f  zer o again )  bu t  w e manipulate d 
who participant s playe d (th e played-opponent) ,  an d w h o 
the y wer e tol d tha t  the y wer e playin g (th e told-opponent) . 
The played-opponen t  wa s eithe r  sam e (i.e. ,  eac h othe r 
again) ,  o r  differen t  (i.e. ,  bot h playe d agains t  a  predetermine d 
sequenc e o f  numbers) .  However ,  th e tw o member s o f  th e 
pai r  wer e i n opposit e told-opponen t  conditions :  On e playe r 
was tol d tha t  th e opponen t  wa s th e sam e a s i n G a m e 1 ,  an d 
th e othe r  playe r  wa s tol d tha t  th e opponen t  wa s different . 
Therefore ,  on e o f  th e player s shoul d hav e ha d a  modelin g 
advantag e ove r  th e other .  A s illustrate d i n Tabl e 2 ,  on e 
playe r  coul d appl y th e appropriat e model ,  whil e th e othe r 
coul d not . 

Tabl e 2 :  Illustratio n o f  th e desig n o f  th e experiment .  Factor s 
of  w h o bot h players '  opponen t  was ,  an d w h o Avoide r  playe r 
was tol d the y wer e playin g (Choose r  playe r  wa s tol d th e 
opposite) ,  wer e crosse d s o tha t  Avoide r  ha d th e opportunit y 
t o appl y a n appropriat e o r  a n inappropriat e mode l  (Choose r 
had th e opposit e opportunity) . 

Playe d sam e 
opponen t 

Playe d differen t 
opponen t 

( a sequence ) 

Avoide r  tol d sam e 
opponen t 

appl y appropriat e 
model 

appl y 
inappropriat e 
model 

Avoide r  tol d 
differen t  opponen t 

appl y 

inappropriat e 
model 

appl y appropriat e 
model 

I f  modelin g th e opponen t  i s a  determinan t  o f  success ,  the n 
th e playe r  w h o coul d appl y th e appropriat e mode l  shoul d d o 
bette r  tha n hi s o r  he r  opponen t  w h o ha d inaccurat e 
information ,  independen t  o f  w h o the y actuall y playe d an d 
what  the y wer e told .  Therefore ,  th e told-opponen t  conditio n 
shoul d interac t  wit h th e played-opponen t  condition ,  an d th e 
performanc e b y Avoide r  player s i n th e appropriat e mode l 
cell s o f  Tabl e 2  shoul d b e highe r  tha n thos e i n th e 
inappropriat e mode l  cells . 

Method 

Participants. One hundred and ninety-two participants fi"om 
th e Universit y o f  Califomia ,  Lo s Angele s introductor y 
psycholog y subjec t  poo l  too k par t  fo r  partia l  cours e credit . 

Procedure. Participants went to separate rooms on their 
arrival ,  i n orde r  t o eliminat e al l  possibilit y  o f 
communicatio n betwee n player s (th e gam e wa s playe d vi a 
computer) ,  the n the y wer e give n th e instruction s fo r  h o w t o 
pla y th e game .  Thes e include d th e pay-of f  matri x show n i n 
Tabl e 1 ,  althoug h show n i n a  wa y tha t  fit  wit h a  participant' s 
assigne d rol e (eithe r  Choose r  o r  Avoider ,  randoml y 
assigned) .  I n G a m e 1 ,  the y playe d agains t  eac h othe r  fo r  2 5 
trials .  O n eac h trial ,  th e tw o player s ha d a s muc h tim e a s 
the y like d t o decid e betwee n selectin g ONE,  t w o ,  o r  THREE. 
So tha t  the y alway s ha d acces s t o thei r  o w n an d thei r 
opponent' s histor y o f  selections ,  the y kep t  a  recor d o f  al l 
selection s o n a  scorin g sheet .  Onc e G a m e 1  wa s completed , 
the y wer e give n th e self ,  opponent ,  an d opponent-sel f  scale s 
t o complete .  Eac h scal e consiste d o f  th e sam e te n items ,  an d 
eac h ite m consiste d o f  a  pai r  o f  word s whic h anchore d th e 
end s o f  a  seven-poin t  interval .  Thes e te n wor d pair s were : 
risk-takin g -  risk-avoiding ;  humorou s -  serious ;  negativ e 
positive ;  har d -  soft ;  rationa l  -  intuitive ;  foolis h -  wise ; 
weak -  strong ;  pessimisti c -  optimistic ;  sever e -  lenient ; 
crue l  -  kind . 

For  G a m e 2 ,  the y wer e tol d tha t  the y ha d eithe r  th e sam e 
or  a  differen t  opponent ,  an d ha d thei r  score s rese t  t o zero . 
The y playe d th e predetermine d opponen t  (sam e opponen t  a s 
i n G a m e 1 ,  o r  different )  fo r  3 0 trials .  Th e differen t  opponen t 
was a  predetermine d sequenc e s o tha t  th e effect s o f  differen t 
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distribution s coul d b e teste d (no t  reporte d here) .  Abri c an d 
Kaha n (1972 )  foun d tha t  playin g a  sequenc e di d no t  affec t 
players '  strategie s i n a  prisoner' s dilemm a game ,  i f  the y 
though t  the y wer e playin g a  person .  Ou r  participant s wer e 
give n n o indicatio n tha t  the y migh t  no t  pla y a  person . 

Afte r  finishing  G a m e 2 ,  participant s complete d th e self , 
opponent ,  an d opponent-sel f  scale s again . 

Results 

Performance. For the 96 pairs, the first game was won by 
Avoide r  6 1 times ,  an d th e mea n scor e fo r  G a m e 1  {scor e 1 ) 
was 1.3 5 (S D =  8.11 )  i n favo r  o f  Avoider .  T o tes t  i f  th e 
G a me 2  manipulatio n affecte d players '  performance ,  w e 
calculate d thei r  relativ e scor e fo r  G a m e 2 :  scor e 1  fro m 
G a me 1  wa s subtracte d fi-om  th e differenc e betwee n a  pair' s 
absolut e score s fo r  G a m e 2 .  Suc h a  relativ e scor e fo r  G a me 
2 controlle d fo r  individua l  difference s whic h ma y hav e bee n 
reflecte d b y G a m e 1  performance . 

Table 3: Mean relative scores for Game 2 {SD in 
parentheses )  i n favo r  o f  Avoide r  fo r  eac h told-opponen t 
(sam e vs .  different )  an d played-opponen t  (sam e perso n vs . 
sequence )  conditions .  Fo r  eac h cel l  o f  th e tabl e n  =  24 . 

Playe d 
same perso n 

Playe d 
sequenc e 

Avoide r  tol d 
same opponen t 

3.25(10.13 ) 

1.67(8.69 ) 

Avoide r  tol d 
differen t  opponen t 

-2.75(11.93 ) 

5.13(9.80 ) 

The mea n relativ e score s fo r  eac h grou p ar e presente d i n 
Tabl e 3 .  A  2x 2 A N O V A o n relativ e score s foun d n o mai n 
effect s o f  played-opponent ,  F(l ,  92 )  =  2.23 ,  p  =  .13 ,  o r  told -
opponent ,  F(l ,  92 )  =  .37 ,  bu t  a s predicte d ther e wa s a 
significan t  interactio n betwee n thes e tw o factors ,  F(l ,  92 )  = 
5.16,/ ? =  .025 .  Comparin g appropriat e vers e inappropriat e 
model  conditions ,  th e forme r  ha d a  mea n relativ e scor e o f 
4.1 9 {S D =  9.90 )  whil e th e latte r  ha d a  mea n relativ e scor e 
of-0.5 4 {S D =  10.56) .  A s predicted ,  whe n th e appropriat e 
model  coul d b e applied ,  performanc e wa s better ,  /(94 )  = 
2.26 ,  p  =  .026 . 

Modeling Accuracy. We calculated R2MA and R3MA 
measure s a s outline d above .  I n detail ,  th e followin g 
calculatio n wa s mad e fo r  a  player' s absolut e second-orde r 
modelin g accuracy :  Fo r  eac h ite m o n a  player' s opponen t 
scale ,  th e absolut e differenc e betwee n it s ratin g an d th e 
same item' s ratin g o n th e opponent' s sel f  scal e wa s 
calculated ,  the n th e difference s fo r  th e te n item s wer e 
summed.  Therefore ,  a  lo w su m indicate d accurat e modeling . 
I n orde r  t o calculat e R 2 M A ,  th e absolut e second-orde r 
accurac y fo r  th e Avoide r  playe r  wa s subtracte d fro m th e 
absolut e accurac y fo r  th e Choose r  player .  Thus ,  a  positiv e 
R 2 MA indicate d tha t  Avoide r  wa s a  mor e accurat e second -
orde r  modeler ,  th e highe r  th e better .  Th e R 3 M A measur e 
was calculate d i n th e sam e way ,  excep t  tha t  th e absolut e 
difference s wer e calculate d betwee n item s o n a  player' s 

opponent-sel f  scal e an d th e opponent' s opponen t  scale .  Lik e 
R 2 MA an d R 3 M A ,  al l  o f  ou r  dependen t  measure s wer e 
differenc e score s derive d fro m th e Avoiders '  an d Choosers ' 
individua l  measures .  A s a  convention ,  bette r  performanc e o n 
our  measure s wa s alway s state d i n term s o f  th e Avoide r 
bein g better ,  s o positiv e score s indicate d bette r  performanc e 
by th e Avoider ,  an d negativ e score s indicate d bette r 
performanc e b y th e Chooser .  Suc h consistenc y mean t  tha t 
we alway s predicte d positiv e correlations . 

I n thi s experiment ,  R 2 M A an d R 3 M A measure s wer e 

calculate d a t  tw o points :  afte r  G a m e 1  an d afte r  G a me 2 .  A s 
th e modelin g accurac y o f  player s wh o playe d agains t  a 
predetermine d sequenc e woul d no t  b e expecte d t o correlat e 
wit h performance ,  w e onl y examine d G a me 2  correlation s 
fo r  pair s wh o playe d eac h othe r  i n G a me 2 .  Ther e wer e onl y 
46 suc h pair s becaus e th e ratin g dat a wa s incomplet e fo r  tw o 
pairs . 

Again ,  th e R 2 M A measure s wer e no t  associate d wit h 
performanc e (scor e 1  wit h R 2 M A afte r  2 0 trials :  r  =  .059 ,  p 
= .70 ;  relativ e scor e wit h R 2 M A afte r  G a me 2 ,  r  =  -.10 ,  / ? = 
.50) .  However ,  R 3 M A afte r  G a me 2  wa s correlate d wit h 
relativ e score ,  r  =  3 5 ,  p  =  .018 .  Furthe r  analysi s showe d 
agai n tha t  relativ e modelin g accurac y measur e derive d fo r 
individua l  wor d pair s fro m th e scale s di d no t  correlat e wit h 
performance .  Th e correlatio n betwee n scor e 1  an d R 3 M A fo r 
G a me 1  wa s no t  significant ,  r  =  .19 ,  p  =  .22 .  Perhap s i t 
take s tim e t o lear n enoug h abou t  th e opponent . 

To tes t  whethe r  R 3 M A wa s affecte d b y ou r 
manipulations ,  w e calculate d mea n R 3 M A from  afte r  th e 
manipulate d G a m e 2 .  A s w e expected ,  whe n pair s playe d 
agains t  eac h othe r  i n G a m e 2 ,  R 3 M A wa s highe r  whe n 
Avoide r  wa s tol d tha t  th e opponen t  wa s th e same .  A /  =  3.0 4 
{S D =  5.84 ,  «  =  24) ,  tha n whe n tol d tha t  th e opponen t  wa s 
different .  A /  =  -1.0 9 {S D =  8.56 ,  n  =  22) ,  althoug h thi s 
differenc e wa s no t  quit e significant ,  t{44 )  =  1.93 ,  p  =  .06 0 
(however ,  thi s tes t  ha d lo w power) .  Thi s tren d wa s no t 
inconsisten t  wit h modelin g difference s bein g responsibl e fo r 
th e bette r  performanc e o f  player s w h o wer e give n a  situatio n 
i n whic h th e appropriat e mode l  coul d b e applied ,  an d i t 
provide d som e evidenc e fo r  th e validit y o f  th e R 3 M A 
measure .  However ,  i f  R 3 M A measure s wer e som e typ e o f 
artifact ,  the n the y shoul d hav e bee n affecte d eve n whe n di e 
opponen t  wa s no t  a  person .  Bu t  whe n pair s playe d th e 
sequence ,  ther e wa s n o differenc e betwee n mea n R 3 M A fo r 
when Avoide r  wa s tol d tha t  the y ha d th e sam e opponent ,  M 
= 1.1 3 (S D =  7.00 ,  n  =  24) ,  an d fo r  whe n the y wer e tol d tha t 
th e opponen t  wa s different ,  M =  1.7 1 (S D =  6.13 ,  «  =  24) , 
t{46 )  =  .31 ,  p  =  .76 .  Similarly ,  th e correlatio n betwee n 
R 3 MA an d relativ e scor e fo r  player s w h o compete d agains t 
th e sequenc e wa s als o no t  significant ,  r(48 )  =  .12 ,  p  =  .43 . 
Thi s add s som e plausibilit y  t o ou r  interpretatio n o f  R 3 M A 
as measurin g relativ e modelin g accuracy . 

Quality of Distributions of Selections. The mean 

proportion s o f  trial s o n whic h Avoide r  player s gav e eac h 
selectio n i n G a m e 1  wer e agai n clos e t o th e gam e theor y 
equilibrium .  Avoide r  chos e ONE,  T W O,  an d THREE wit h mea n 
proportions ,  .4 2 {S D =  .12) ,  .2 9 {S D =  .19) ,  .2 9 {S D =  .11) , 
respectively .  However ,  a s before .  Choose r  mad e thes e thre e 
selection s wit h proportions ,  .3 2 {S D =  .13) ,  .3 5 {S D =  .10) , 
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.3 3 (S D =  .13) .  I n G a m e 2 ,  whe n player s compete d agains t  a 
sequence ,  th e natur e o f  th e sequenc e affecte d thei r 
distribution s (th e sequenc e typ e result s ar e no t  importan t  fo r 

th e issue s addresse d b y thi s paper ,  s o the y ar e no t  reporte d 
here) .  However ,  player s w h o continue d t o compet e agains t 
eac h othe r  ha d proportion s lik e thos e i n G a me 1 ;  fo r 
Avoider ,  .4 3 (S D =  .13) ,  .2 9 (S D =  .07) ,  ,2 8 (5Z )  =  .11) ;  fo r 
Chooser ,  .3 2 (5 D =  .11) ,  .3 5 (S D =  .10) ,  .3 3 (S D =  .12) . 

Analyzin g th e distributio n o f  selection s allowe d u s t o as k 
whethe r  th e t o Id-opponen t  manipulatio n coul d hav e affecte d 
performanc e vi a change s t o players '  distributions .  T o tes t 
this ,  w e calculate d relativ e distributio n extremit y (RDEx ) 
measure s fo r  G a m e 1  an d G a m e 2 .  T o calculat e this ,  w e fu-s t 
summed ho w muc h a  player' s proportio n fo r  selectio n o f 
ONE wa s abov e .33 ,  an d proportion s fo r  T W O an d thre e 
wer e belo w .33 ,  thu s i t  wa s a  measur e o f  th e qualit y o f  a 
player' s distribution .  R D E x wa s th e Chooser' s su m minu s 
tha t  fo r  Avoider .  W e analyze d R D E x fo r  player s tha t 
compete d agains t  eac h othe r  i n G a m e 2  wit h a  2x2x 2 
A N O VA o n R D E x wit h factor s fo r  gam e ( 1 o r  2) ,  rol e 
(Avoide r  o r  Chooser )  an d told-opponen t  (tol d sam e o r 
differen t  opponent) .  W e foun d a  larg e effec t  o f  role ,  F(l , 
46 )  =  34.14 ,  p  <  .001 ,  bu t  n o effec t  o f  game ,  F(\ ,  46 )  = 
1.90 ,  p  =  .18 ,  o r  told-opponent ,  F(l ,  46 )  =  .16 .  N o 
interaction s wer e significan t  (al l  F s <  1.0) .  Therefore , 
distribution s di d no t  chang e betwee n games ,  an d R D E x wa s 
not  affecte d b y w h o player s wer e tol d wa s th e opponent . 

Coul d qualit y o f  distribution s b e a  thir d facto r  tha t 
explain s th e correlatio n betwee n R 3 M A an d performance ? 
To tes t  this ,  w e di d a  regressio n analysi s o f  R D E x an d 
R 3 MA measure s o n relativ e score .  W e foun d a  significan t 
multipl e R  =  .49 ,  F(2 ,  43 )  =  6.79 ,  p  =  .003 .  Fo r  R D E x ,  p  = 
.3 5 wa s significant ,  /(44 )  =  2.61 ,  p  =  .013 ,  an d s o wa s th e P 
(.32 )  fo r  R 3 M A ,  /(44 )  =  2.39 ,  p  =  .021 .  Therefore ,  R D E x 
and R 3 M A bot h contribute d t o performance ,  bu t  separately . 
B u ms an d Vollmeye r  (i n press )  als o foun d this . 

Discussion 

As anecdota l  evidenc e suggests ,  i t  appeare d tha t  accuratel y 
modelin g th e opponen t  wa s associate d wit h succes s i n A P S . 
Thi s wa s show n i n tw o ways :  1) ,  th e relativ e accurac y o f 
third-orde r  modelin g wa s associate d wit h success ,  whic h 
replicate d previou s studies ;  2) ,  whe n w e manipulate d th e 
situatio n t o provid e th e opportunit y t o us e th e appropriat e 
model ,  player s performe d bette r  an d ha d greate r  modelin g 
accuracy ,  a s predicted . 

Is Modeling Causal for Success? How strongly can we 
argu e tha t  relativ e third-orde r  modelin g accurac y i s causall y 
relate d t o success ? W e neve r  directl y manipulate d third -
orde r  modeling ,  whic h weaken s an y clai m o f  causality . 
However ,  take n together ,  th e result s provide d goo d evidenc e 
tha t  bette r  modelin g le d t o bette r  performance ,  becaus e the y 
argu e agains t  man y otherwis e plausibl e alternativ e 
explanation s fo r  th e relationshi p betwee n performanc e an d 
modeling .  First ,  w e wer e abl e t o affec t  performanc e an d 
modelin g exactl y a s predicte d b y manipulatin g th e situatio n 
so tha t  modelin g coul d b e mor e o r  les s effectivel y applied . 
Ther e woul d b e n o reaso n t o expec t  a n advantag e o f  bein g 
abl e t o appl y th e appropriat e mode l  i n G a m e 2  o f  th e 

experiment ,  i f  sometiiin g wa s no t  learn t  i n G a m e 1  tha t  wa s 

specifi c  t o th e opponent .  Further ,  w e foun d tha t  whe n the y 
coul d appl y th e appropriat e model ,  player s tende d t o b e 
mor e accurat e a t  modelin g thei r  opponent ,  a s woul d b e 
expecte d i f  ou r  manipulation s ha d thei r  effec t  vi a modeling . 
Second ,  i f  ou r  result s wer e th e produc t  o f  som e artifac t  o f 
h o w winner s an d loser s responded ,  the n ou r  experimenta l 
manipulation s shoul d hav e affecte d modelin g jus t  a s the y 
affecte d performance ,  eve n whe n th e player s compete d 
agains t  a  fictitiou s opponent .  However ,  whe n the y playe d 
agains t  a  predetermine d sequenc e ther e wa s n o impac t  o f 
whethe r  the y wer e tol d tha t  the y ha d th e sam e o r  a  differen t 
opponent ,  an d performanc e di d no t  correlat e wit h R 3 M A . 

We di d fm d tha t  usin g a  bette r  distributio n o f  selection s 
(a s measure d b y R D E x )  wa s als o associate d wit h bette r 
performance .  S o i t  wa s critica l  t o sho w tha t  ou r  measur e o f 
relativ e modelin g accurac y wa s no t  jus t  a  substitut e fo r 
R D E x.  Regressio n analysi s showe d tha t  th e influenc e o f 
R D Ex o n performanc e wa s separat e from  tha t  o f  R 3 M A . 
Further ,  ther e wa s n o evidenc e tha t  distributio n qualit y wa s 
affecte d b y th e manipulation s i n th e experiment ,  despit e 
thes e manipulation s affectin g performance .  Therefore , 
modelin g appeare d t o b e th e onl y mechanis m throug h whic h 
our  manipulation s coul d influenc e performance . 

We hav e stil l  no t  completel y eliminate d th e possibilit y 
tha t  som e unmeasure d facto r  coul d actuall y b e responsibl e 
fo r  th e performance-modelin g relationship ,  fo r  example , 
intelligenc e o r  motivatio n coul d b e propose d a s candidates . 
Epstei n an d Harackiewic z (1992 )  di d fin d comple x effect s 
of  achievemen t  motivatio n i n competition ,  althoug h the y 
foun d n o effect s o f  thei r  manipulation s o f  motivatio n o n 
performance .  Ye t  althoug h qualit y o f  distributio n woul d 
appea r  t o b e th e likel y mechanis m vi a whic h motivatio n o r 
intelligenc e coul d affec t  performance ,  distributio n qualit y 
was no t  influence d b y th e manipulation s i n ou r  experiment . 
Thi s finding ,  togethe r  wit h th e findin g tha t  modelin g 
accurac y an d qualit y o f  distributio n accounte d fo r  separat e 
varianc e i n performance ,  make s i t  har d t o explai n th e 
performance-modelin g relationshi p a s du e t o a  thir d facto r 
tha t  correlate s wit h bot h relativ e modelin g accurac y an d 
performance .  Th e barrie r  fo r  an y speculate d thir d facto r  i s  t o 
propos e a  mechanis m throug h whic h i t  coul d affec t 
performanc e othe r  tha n modelin g o r  qualit y o f  distribution . 

Further Issues. We have not attempted to determine the 
siz e o f  th e contributio n o f  modelin g accurac y t o succes s i n 
A P S.  T o d o s o woul d requir e developin g th e bes t  possibl e 
measur e o f  modeling .  However ,  ou r  ai m wa s t o determin e 
th e existenc e o f  a  mode l  effec t  rathe r  tha n it s size .  Th e 
importanc e o f  modelin g m a y depen d o n th e particula r  gam e 
and it s demands ,  an d o n h o w evenl y matche d th e 
competitor s ar e o n othe r  factors .  I n ou r  game ,  w e trie d t o 
matc h player s a s evenl y a s possibl e b y removin g al l  specifi c 
skil l  component s from  th e game ,  bu t  stil l  foun d tha t  qualit y 
o f  distributio n wa s a  componen t  o f  success .  Ye t  ou r  gam e 
als o provide d ver y littl e informatio n o n whic h t o bas e a 
model  o f  th e opponent .  I n norma l  competitiv e situations , 
mor e informatio n i s available ,  an d thu s th e opportunit y fo r 
thos e w h o ca n exploi t  i t  shoul d b e greater .  Therefore ,  i t  i s 
possibl e w e hav e underestimate d th e amoun t  o f  varianc e i n 
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performanc e accounte d fo r  b y modelin g accuracy . 
Althoug h w e foun d tha t  third-orde r  modelin g bu t  no t 

second-orde r  modelin g accurac y wa s important ,  w e shoul d 
be cautiou s abou t  interpretin g thi s nul l  resul t  a s showin g tha t 
second-orde r  modelin g i s unimportant .  I n particular ,  th e 
R 2 MA measur e relie s o n accurat e self-ratings ,  bu t  ther e ar e 
debate s ove r  th e accurac y o f  self-ratings . 

Our  findings  als o rais e a n intriguin g questio n tha t  w e 
canno t  answe r  a t  thi s time :  i s A P S a  genera l  skill ? Som e 
peopl e ma y b e bette r  competitor s becaus e the y find 
competitio n motivating ,  bu t  perhap s modelin g i s a  genera l 
skil l  tha t  underlie s bette r  competition ,  independen t  o f  tas k 
specifi c  factors .  Eve n i f  highe r  motivatio n wer e responsibl e 
fo r  bette r  modeling ,  the n i t  i s  stil l  unclea r  exactl y ho w i t 
woul d lea d t o bette r  models .  O f  course ,  i t  coul d b e jus t  tha t 
sometime s peopl e happe n t o hi t  o n th e righ t  mode l  i n a 

particula r  gam e an d the n us e i t  t o wi n (unles s the y d o no t 
kno w tha t  the y ca n us e it ,  a s i n th e inappropriat e mode l 
conditions) ,  an d conversely ,  the y sometime s hi t  o n th e 
wron g mode l  an d us e i t  t o lose .  Thus ,  havin g th e righ t  mode l 
may b e responsibl e fo r  success ,  bu t  i t  ma y no t  b e a  genera l 
ability .  However ,  i t  i s possibl e tha t  som e peopl e ar e bette r  a t 
modeling ,  givin g the m a n advantag e i n general . 

H o w coul d modelin g accurac y facilitat e performance ? 
Perhap s i t  help s selec t  betwee n saf e an d risk y choices ,  o r  i t 
allow s player s t o us e deception ,  o r  i t  migh t  hel p the m decid e 
when t o deviat e from  th e equilibriu m strateg y suggeste d b y 
game theory .  Thi s i s a n issu e fo r  furthe r  study . 

I f  modelin g i s a  skill ,  the n i t  migh t  suppor t  Hymans ' 
(1989 )  suggestio n tha t  deceptio n migh t  b e a n evolve d skill . 
Deceptio n i s a  quintessentia l  huma n skill ,  a s i s implie d b y it s 
rol e i n th e Turin g Tes t  fo r  artificia l  intelligence . 

I n man y way s ou r  result s wer e consisten t  wit h th e gam e 
theor y analysis .  Avoider s wo n b y abou t  th e amoun t 
predicte d b y th e mixed-strateg y equilibrium ,  an d wer e clos e 
t o th e frequency  distributio n o f  selection s predicte d b y thi s 
equilibrium .  However ,  th e Choose r  player s di d no t  matc h 
thi s distribution ,  an d Avoider s di d no t  appea r  t o exploi t  this . 
Perhap s Chooser' s distributio n aros e becaus e eve n i f  th e 
mixed-strateg y equilibriu m wa s th e bes t  fo r  th e Chooser ,  i t 
was stil l  a  losin g strategy .  A s wel l  a s gam e theor y bein g 
usefu l  fo r  analyzin g th e game ,  th e result s i n tur n provide d 
some suppor t  fo r  th e psychologica l  validit y o f  th e gam e 
theoreti c concept s used . 

Conclusions 

Give n tha t  anecdota l  evidenc e support s th e clai m tha t 
modelin g i s importan t  i n A P S ,  i n on e sense ,  ou r  result s wer e 
not  surprising ,  althoug h th e finding  tha t  third-orde r 
modelin g wa s particularl y importan t  goe s beyon d th e 
anecdotes .  However ,  w e hav e demonstrate d a  methodolog y 
capabl e o f  empiricall y demonstratin g thi s intuitio n an d 
suitabl e fo r  beginnin g t o stud y thi s phenomenon .  Researc h 
on competitio n ha s ofte n focuse d o n factor s tha t  brin g abou t 
competitio n rathe r  tha n cooperation ,  an d ho w competitio n i s 

conducted .  Rarel y hav e th e factor s behin d successfu l  A P S 
been examined ,  eve n thoug h competitio n i s a  pervasiv e 
aspec t  o f  life .  Ou r  result s suggeste d tha t  modelin g i s a n 
importan t  componen t  o f  successfii l  A P S jus t  a s interpersona l 
perceptio n ha s bee n see n a s a n importan t  componen t  o f 

othe r  socia l  situations .  Goo d modelin g ca n eve n b e a  wa y o f 
avoidin g competition ,  a s i t  woul d hav e bee n fo r  Sno w an d 

Biscuit .  Thi s wor k present s a n opportunit y an d a  challeng e 
t o proble m solvin g researc h an d theory :  t o addres s 
interactiv e tasks . 
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