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Abs t rac t 

We present data and argument to show that in 

Tetris— a read-tim e interactiv e vide o game—certai n 

cognitiv e an d perceptua l  problem s ar e mor e 

quickly ,  easily ,  aui d reliabl y solve d b y performin g ac -

tion s i n th e worl d rathe r  tha n b y performin g com -

putationa l  action s i n th e hea d alone .  W e hav e foun d 

tha t  som e translation s an d rotation s ar e bes t  under -

stoo d a s usin g th e worl d t o improv e cognition .  The y 

ar e no t  bein g use d t o implemen t  a  plan ,  o r  t o im -

plemen t  a  reaction .  T o substantiat e ou r  positio n w e 

hav e implemente d a  computationa l  laborator y tha t 

let s u s recor d keystroke s an d gam e situations ,  a s wel l 

as eJIow s u s t o dynamicall y creat e situations .  Usin g 

th e dat a o f  ove r  3 0 subject s playin g 6  games ,  tachis -
toscopi c test s o f  som e o f  thes e subjects ,  an d result s 

fro m ou r  ow n successfu l  effort s a t  buildin g exper t 

system s t o pla y Tetris ,  w e sho w wh y knowin g ho w 

t o us e one' s environmen t  t o enhanc e spee d an d ro -
bustnes s ai e importan t  component s i n skille d play . 

Introduction 

In this paper we present data and argument to show 

tha t  i n Tetris— a real-tim e interactiv e vide o g a m e — 

certai n cognitiv e an d perceptua l  problem s ar e 
more quickly ,  eeisily ,  an d reliabl y solve d b y perform -
in g action s i n th e worl d rathe r  tha n b y performin g 
computationa l  action s i n th e hea d alone . 

I n Tetris ,  ther e ar e onl y fou r  action s a  playe r  ca n 

take :  translat e right ,  translat e left ,  rotate ,  drop . 

Tetrazoids—hencefort h zoids—ente r  fro m th e uppe r 

boundar y o f  a  rectangula r  playin g fiel d a t  a  fixe d 

spee d whic h increase s a s th e gam e proceeds ,  leavin g 

th e playe r  wit h les s an d les s tim e t o mak e th e judge -

ment s involve d i n choosin g an d executin g a  plaice -

ment .  Becaus e al l  action s mov e th e curren t  zoi d on e 

way o r  another ,  ever y actio n th e playe r  t2ike s ha s th e 

effec t  o f  bringin g th e curren t  zoi d close r  t o it s  fina l 

positio n o r  farthe r  fro m it .  Se e figure  1 . 

Owin g t o th e pac e o f  th e gam e i t  i s  no t  surprisin g 

tha t  player s i n th e earlies t  phas e mak e move s befor e 

the y ca n kno w wher e the y wis h t o plac e th e curren t 

piece .  W e hav e foun d tha t  ofte n thes e move s ar e bes t 

understoo d a s havin g a n epistemi c function .  The y 

ar e no t  intende d t o achiev e th e pragmati c en d o f 

bringin g a  piec e close r  t o it s goa l  position .  The y 

ar e bein g use d t o chang e th e worl d s o a s t o hel p th e 

agent  acquir e vita l  informatio n earl y on . 

Surprisingly ,  suc h epistemi c function s ar e no t  con -

fined  t o th e earlies t  phases .  Some translation s an d 

rotation s occurin g i n late r  phase s o f  decisio n an d ex -
ecutio n ar e als o bes t  understoo d a s usin g th e worl d 

t o improv e cognition .  Some ,  fo r  instance ,  see m de -

signe d t o hel p th e playe r  identif y a  piece ,  o r  t o verif y 

tha t  a  particula r  actio n i s a  goo d on e t o take ,  o r  t o 

minimiz e th e menta l  rotatio n necessar y t o decid e o n 
a placement .  W e se e th e genera l  functio n o f  thes e 

action s t o b e tha t  o f  improvin g cognitio n by : 

1. reducing the space complexity of mental com-
putation ; 

2.  reducin g th e tim e complexit y o f  menta l  compu -

tation ; 

3.  reducin g th e unreliabilit y  o f  menta l  compute r 

tion . 

These are not easy claims to defend in a game 
as comple x a s Tetris .  W e hav e implemente d a  com -

putationa l  laborator y tha t  let s u s recor d keystroke s 

and gam e situations ,  a s wel l  a s allow s u s t o dy -

namicall y creat e situations .  Usin g th e dat a o f  ove r 

30 subject s playin g 6  games ,  tachistoscopi c test s o f 
some o f  thes e subjects ,  an d result s fro m ou r  ow n 

successfu l  effort s a t  buildin g exper t  system s t o pla y 

Tetris ,  w e wil l  tr y t o defen d ou r  conclusio n tha t 

knowin g ho w t o us e one' s environmen t  t o enhanc e 

th e spee d an d robustnes s o f  menta l  computatio n ar e 

importan t  component s i n skille d play . 
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Figur e 1 :  Translatin g fo r  verificatio n 

I n figur e 1  w e hav e a n exampl e o f  th e basi c gam e o f  Tetris .  A s eac h piec e descend s fro m th e 
ceiling ,  th e playe r  mus t  choos e a  regio n i n whic h t o plac e th e piece .  When a  ro w o f  square s fill s 
up,  i t  disappear s an d al l  th e row s abov e i t  dro p down .  A s th e gam e speed s up ,  achievin g goo d 
plitcement s become s increasingl y difficult . 

One techniqu e mos t  player s strik e o n t o reduc e erro r  i s t o translat e zoid s t o th e wall .  I n figur e 
1,  w e se e a n instanc e o f  ho w rr m i s regularl y translate d t o th e oute r  righ t  wal l  an d bac k agsii n 
befor e i t  i s  dropped .  Th e explanatio n w e prefe r  i s  tha t  th e subjec t  confirm s tha t  th e colum n o f  th e 
zoi d i s correct ,  relativ e t o hi s o r  he r  intende d placement ,  b y quickl y movin g th e zoi d t o th e wal l 
and the n wit h eye s o n th e contou r  tappin g ou t  th e numbe r  o f  square s t o th e edg e o f  th e intende d 
placement . 

The ide a tha t  externa l  action s ca n simplif y men -

ta l  computatio n i s coximionplac e whe n symbo l  ma ^ 

nipulatio n i s involved .  Th e surtivitie s o f  adding ,  ac -

counting ,  composing ,  navigatin g (Hutchins ,  1990) , 
etc. ,  ar e mor e difficul t  i f  agent s mus t  rel y o n thei r 
own memor y withou t  ai d fro m externa l  supports . 

Writin g reduce s th e spac e complexit y o f  th e menta l 

computation s involved .  Whe n symbo l  manipulatio n 

i s no t  involved ,  however ,  especiall y i n task s requir -
in g quic k response ,  i t  i s les s widel y appreciate d tha t 
certai n non-perceptua l  action s ca n simplf y menta l 
computation . 

For instance, there is a tacit belief among planning 
theorist s tha t  intelligen t  behavio r  i s eithe r  reactiv e 
or  planne d (Tate ,  Hendle r  &  Drummond ,  1990) .  I n 
environment s wher e a n agen t  ha s tim e fo r  reflectio n 
or  forethought ,  plannin g ca n occur ,  an d th e agen t 

may benefi t  fro m th e advantage s o f  previewin g pos -
sibilities ,  henc e menta l  backtrackin g i s possibl e an d 
loca l  minim a ca n b e avoided .  I n rapidl y changin g 

environments ,  wher e ther e i s no t  enoug h tim e t o 

formulat e a  planne d response—a s i s typica l  o f  ar -

cade vide o games—th e advantag e lie s wit h agent s 

who hav e precompile d plan s int o reaction s (Agr e & 

Chapman,  1987) .  Wher e tim e i s scarce ,  reactiv e sys -

tems ,  base d o n reliabl e statistica l  model s o f  contin -

gencie s plu s rapi d sensin g o f  environmenta l  condi -

tions ,  ca n b e expecte d t o scor e highe r  tha n system s 

whic h plan ,  unless ,  o f  course ,  ther e i s enoug h tim e 

betwee n action s t o combin e element s o f  bot h plan -

nin g an d reactio n (Georgef f  &  Lansky ,  1987) .  I n 

each case ,  though ,  th e assumptio n i s tha t  action s ei -

the r  ar e perceptua l  o r  should ,  i f  possible ,  brin g th e 

syste m physicall y close r  t o it s goals . 

A significan t  percentag e o f  non-perceptua l  action s 
i n Tetri s actuall y tak e th e agen t  physicall y farthe r 

fro m it s ultimat e goals .  Thes e cost s ar e wort h in -

currin g becaus e the y ar e mor e tha n mad e u p fo r  b y 
th e epistemi c o r  computationa l  benefit s the y pro -

vide .  The y ar e rationa l  action s i f  see n t o b e directe d 

at  transformin g th e agent' s state ,  rathe r  tha n th e 

world's . 
The ide a tha t  real-tim e system s mus t  ac t  s o a s 

t o intelligentl y regulat e thei r  intak e o f  environmen -
ta l  informatio n is ,  a t  present ,  a  topi c o f  consider -
abl e interes t  (Simmon s e t  al. ,  1992) .  Bu t  wherea s 
existin g inquirie s hav e tende d t o focu s o n contro l  o f 
attention—th e selectio n o f  element s withi n a n imag e 

fo r  furthe r  processing—o r  contro l  o f  gaze—th e ori -
entatio n an d resolutio n o f  a  sensor—a s th e mean s 
of  selectin g information ,  ou r  concer n i n thi s pape r 
i s wit h contro l  o f  activity .  W e wis h t o kno w ho w a n 
agent  ca n us e ordinar y actions—no t  senso r  actions — 

t o uneart h valuabl e informatio n tha t  i s  currentl y un -
available ,  har d t o detect ,  o r  har d t o compute . 

Early and Late Epistemic 

Ac t ion s 

Let us call the phase spanning the period when 

piece s ar e bein g identified ,  an d th e onse t  o f  th e 

phas e whe n plan s ar e implemented ,  th e ideniifica -

iio n phas e (se e figure  3) .  Th e duratio n o f  thi s phas e 

varie s wit h piece ,  subject ,  an d th e spee d o f  th e game . 

For  instance ,  fo r  rr m an d ffl  ,  whe n th e gam e i s pro -

ceedin g a t  averag e speed ,  th e identificatio n phas e 

probabl y begin s aroun d 60 0 m s an d end s aroun d 

1800 ms ,  wherea s fo r  RBd an d B d th e identificatio n 

phas e begin s aroun d 80 0 m s an d end s aroun d 220 0 
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Figur e 2 :  Rotatin g fo r  earl y discover y 

Rotatin g certai n zoid s ver y soo n afte r  tlie y appea r  i s a  practica l  metho d fo r  gettin g extr a infor -
matio n abou t  pieces .  Her e w e se e zoid s a s the y firs t  ente r  th e playin g field ,  i n 2 a the y ar e on e 
squar e in ,  i n 2 b the y ar e tw o square s in .  Th e uppe r  portio n o f  bot h 2 a an d 2 b sho w zoid s tha t  loo k 
identica l  a t  thi s stage ,  bot h i n positio n an d i n form .  Th e botto m portion s sho w zoid s tha t  loo k 
identica l  i n for m alone .  Carefu l  examinatio n reveal s tha t  the y ar e i n differen t  columns .  Player s ar e 
not  explicitl y  awar e o f  thi s colum n difference .  Th e dat a sho w tha t  player s d o no t  com e ou t  rotating , 
ci s w e originall y thought ,  bu t  rathe r  hav e a  grea t  burs t  onc e the y ar e tw o row s out .  A t  thi s poin t 
the y sho w considerabl e sensitivit y t o colum n difference .  Player s hav e a  muc h greate r  tendenc y t o 
rotat e zoid s ambiguou s i n bot h for m an d positio n (suc h a s thos e see n i n th e uppe r  portio n o f  2b ) 
tha n the y hav e o f  rotatin g zoid s tha t  ar e ambiguou s i n for m alone .  B y rotatin g ambiguou s zoid s 
early ,  player s du e abl e t o mak e faste r  identifications ,  thereb y eithe r  settin g u p th e condition s fo r 
testin g candidat e placement s earl y o r  settin g earl y constraint s o n a  candidat e generator . 

ms.  Th e perio d befor e thi s phas e w e cal l  th e pre -
ideniificatio n phase ,  an d th e perio d afte r  it ,  th e post -
identificatio n phase . 

As figure s 2  an d 1  illustrate ,  player s a t  th e in -

termediat e an d exper t  leve l  regularl y perfor m un -

Eimbiguousl y epistemi c action s i n th e pre -  an d post -

identificatio n phases . 

1.  Ver y earl y i n th e pre-identificatio n phas e play -

er s ofte n rotat e certai n zoid s befor e the y hav e 

competel y emerged ,  a s i f  tryin g t o disambiguat e 

th e zoi d fro m al l  other s a s soo n a s possible . 
2.  I n th e post-identificatio n phcis e player s ofte n 

dro p certai n zoid s onl y afte r  translatin g the m 

t o th e neares t  oute r  wal l  an d the n bac k again , 

as  i f  t o verif y th e colum n o f  placement . 

The valu e o f  thes e action s i s eas y t o appreciate . 

The first  procedure ,  rotat e early ,  serve s t o uneart h 

fact s otherwis e hidde n unti l  later .  Whe n a  zoi d first 

enter s th e playin g field  an d onl y a  fractio n o f  it s tota l 

for m i s visible ,  th e playe r  mus t  rel y o n subtl e clue s 

t o disambiguat e it .  Se e figure  2 .  T o b e sure ,  player s 

need no t  follo w a  strateg y tha t  require s the m t o dis -

ambiguat e zoid s a s quickl y a s possible .  But ,  i n fact , 

we hav e note d tha t  th e mor e perfectl y ambiguou s a 

piec e is ,  th e mor e i t  i s  rotate d early .  Th e simples t 

explanatio n i s tha t  earl y rotatio n i s fo r  fac t  find-

ing .  B y rotatin g a  partiall y  hidde n piece ,  a  playe r 

un-occlude s par t  o f  it ,  thereb y scarin g u p ne w in -
formation .  Th e faste r  thi s ma y b e done ,  th e soone r 
an unambiguou s imag e o f  th e piec e ca n b e formed . 

The valu e o f  gainin g thi s informatio n earl y presum -

abl y outweigh s th e cos t  o f  possibl y rotatin g a  piec e 

beyon d it s "goal "  position . 

The secon d procedure ,  translat e zoi d t o a n 

edg e an d translat e bac k again ,  serve s t o con -

firm  th e colum n whic h th e piec e i s currentl y  in .  Af -

te r  havin g chose n a  spo t  t o plac e th e curren t  piece , 

and havin g implemente d a  pla n t o direc t  th e piec e 

t o tha t  spot ,  a  playe r  ma y wis h t o confir m tha t  h e o r 

she ha s succeede d i n movin g th e piec e t o it s intende d 

column .  Thi s furthe r  phas e i s mos t  usefu l  whe n th e 

piec e i s stil l  hig h abov e th e activ e contou r  an d abou t 

t o b e dropped .  Se e figure  1 .  Thi s actio n canno t  b e 

confuse d wit h a  pragmati c action ,  fo r  b y definitio n 

i t  require s movin g th e piec e awa y fro m th e currentl y 

intende d column .  O n th e occasion s whe n i t  i s  per -

formed ,  th e pragmati c cos t  i s  mor e tha n offse t  b y 

th e benefi t  o f  reducin g possibl e error . 

Epistemic Actions During 

th e Identificatio n P h a s e 

Actions performed in the identification phase are 

more difficul t  t o classify ,  particularl y sinc e a n ac -
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Figur e 3 :  Rotatin g t o hel p identificatio n 

W h en ar e th e fastes t  rotation s performed ? Her e w e se e subjec t  PD' s tim e cours e o f  doubl e rotation s 
fo r  L's .  B y a  doubl e rotatio n w e mea n tw o rotation s i n ver y quic k sequenc e (i.e. ,  20 0 m s o r  less) . 
T wo point s shoul d b e noted .  First ,  th e greates t  numbe r  o f  doubl e rotation s occur s i n th e regio n 
of  80 0 m s t o 160 0 ms :  a  perio d tha t  correspond s nicel y wit h th e perio d i n whic h piece s ar e bein g 
full y identified ,  a s show n i n figur e 4 .  Second ,  P D ha d on e doubl e rotatio n a t  20 0 ms ,  wel l  befor e h e 
coul d hav e identifie d th e piece .  P D als o ha d 6  singl e rotation s befor e 20 0 ms ,  a  fac t  w e interpre t 
as confirmin g ou r  conjectur e tha t  ver y earl y rotation s serv e t o di g u p informatio n tha t  otherwis e 
woul d b e hidde n fo r  anothe r  40 0 ms .  Simila r  result s hol d fo r  al l  th e subject s w e have  examine d s o 
far . 

tio n m a y serv e bot h epistemi c an d pragmati c func -
tion s simultaneously .  Fo r  instance ,  a  zoi d rotate d 

i n th e directio n neede d fo r  fina l  placement ,  may ,  a t 

one an d th e sam e time ,  hel p th e playe r  m a k e a n 
identification ,  whil e advancin g th e caus e physically . 

Th e tw o functions—epistemi c an d pragmatic—ar e 

logicall y distinct ,  thoug h i t  i s  har d t o prov e whic h 

functio n a  give n actio n subserves .  Thre e epistemi c 

function s a n actio n m a y perfor m i n th e identificatio n 

phas e are : 

1. help to identify a piece's type; 

2.  hel p t o verif y th e identit y o f  a  piec e onc e i t  i s 

typed ,  i.e. ,  reduc e probabilit y  o f  misidentifica -

tion ; 

3.  hel p t o generat e candidat e placements . 

As can be seen in figure 3, subjects are more prone 

t o hav e a  burs t  o f  rapi d rotation s i n th e identificatio n 

phas e tha n a t  an y othe r  time .  Thes e action s o f  ro -

tatin g piece s i n th e worl d tak e fa r  les s tim e tha n ro -

tatin g piece s mentally .  A  natura l  conjectur e i s tha t 

the y ar e bein g use d t o eithe r  facilitat e identificatio n 

or  t o reduc e th e probabilit y  o f  misidentificatio n dur -

in g thi s crucia l  period .  Thi s become s mor e convinc -

in g whe n w e conside r  ho w player s decid e wher e t o 

plac e pieces . 

Althoug h w e d o no t  ye t  kno w exactl y ho w a  playe r 

select s wher e t o plac e a  piece ,  w e hav e goo d reaso n 
t o believ e tha t  som e matchin g o f  piec e shap e t o po -

tentia l  placemen t  locatio n mus t  occur .  T o m a k e thi s 
ide a mor e precise ,  w e nee d t o introduc e som e termi -

nology . 

Eac h piec e type ,  excep t  th e square ,  ha s tw o o r 

fou r  differen t  orientations ,  calle d piec e tokens .  A n 

L type ,  fo r  instance ,  ha s fou r  tokens :  B u c B " ^ 

n .  Token s ar e structure s i n th e world .  T h e men -
ta l  imag e correspondin g t o a  toke n i s a n icon ;  an d 

th e tim e require d t o creat e a n ico n i s th e iconifyin g 

period .  W e assum e th e iconifyin g perio d last s SO-

SO m s ,  th e tim e require d t o flood  V I ,  primar y visua l 

cortex ,  wit h a  retina l  imag e (Hillyard ,  1985) .  T h e 

piece s alread y sittin g o n th e boar d hav e a n uppe r 

boundar y calle d th e curren t  contour .  T h e proces s 

of  comparin g a n ico n t o smal l  region s o f  th e curren t 

contou r  w e cal l  runnin g a n iconi c m a s k ove r  th e 

contou r  an d envisionin g a  placement .  T h e mea -

sur e o f  ho w snugl y a  placemen t  fits  int o it s neigh -

borin g piece s i s calle d it s loczi l  fitness .  O n th e ba -

si s o f  experiment s wit h Robotetris ,  se e figure  5 ,  w e 

hav e discovere d tha t  aimin g t o maximiz e th e loca l 

fitness  o f  placement s i s a n importan t  facto r  i n playe r 

longevity. ^ 

Wi t h thes e term s i n m in d w e stat e tw o differen t 
method s (wit h variants )  fo r  determinin g placement , 

an d conside r  h o w permittin g epistemi c action s ca n 

reduc e thei r  space-tim e complexity ,  an d probabilit y 

of  error . 

Î n Robotetri s th e decisio n concernin g wher e t o plac e a 
piec e i s determine d b y a  judiciou s weightin g o f  suc h feature s 
as "ho w man y hole s woul d thi s placemen t  create" ,  "ho w man y 
row s woul d thi s placemen t  eat" ,  "ho w flat  i s th e resultin g 
contour" ,  i n additio n t o "ho w clos e t o th e globall y maximu m 
fitnes s i s thi s placement" . 
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Figur e 4 :  Menta l  Rotatio n Tas k 

I n thi s figure  w e displa y th e findings  o f  PD' s menta l  rotatio n test s fo r  L's .  Th e horizonta l  lin e mark s 
th e mea n time s fo r  successfu l  recognitions ;  th e vertica l  line s mar k th e 9 0 % confidenc e interval .  Th e 
regio n withi n thi s interva l  w e cal l  th e identificatio n phase .  W e foun d tha t  th e identificatio n phas e 
fo r  a n L  unde r  it s variou s rotation s wa s nearl y linear ,  a s suggeste d b y Tar r  &c Pinke r  (1989) .  Mor e 
precisely ,  give n ou r  dat a a t  thi s stag e w e ca n onl y repor t  tha t  w e haven' t  disconfirme d th e constan t 
tim e hypothesis . 

X y p e - b a s e d M e t h o d 

1- Iconify token; 

2.  identif y piec e type ,  automaticall y creatin g a 

stac k o f  appropriat e icons ; 

3-  (a )  compuiaiionall y intensiv e version : 

fo r  eac h ico n i n th e stac k 

i .  ru n it s correspondin g mas k ove r  th e 

curren t  contour , 

ii .  envisio n th e resul t  o f  a  placement , 

iii .  comput e tha t  envisione d placement' s 

loca l  fitness,  an d 

iv .  stor e th e informatio n abou t  (place , 

score )  i n a  list ; 

or 

(b )  m e m o r y intensiv e version : 

fo r  eac h ico n i n th e stac k 

i .  ru n a n orientation-neutra l  mas k ove r 

th e curren t  contour , 

ii .  look-u p i n a a aissociativ e lis t  th e bes t 

orientatio n fo r  eac h poin t  o n th e cur -

ren t  contour ,  an d 

iii .  stor e th e informatio n abou t  (place , 

score ,  orientation )  i n a  list ; 

4.  choos e th e placemen t  tha t  bes t  maximize s lo -

cal  fitness  a s wel l  a s certai n othe r  weighte d feai -

tures . 

Token-based Method 

1.  Iconif y token ; 

2.  creat e ico n mask ; 

3.  sam e a a th e step s i n 3 a an d 3 b abov e (i.e. ,  with -

ou t  iteration) ; 

4.  generat e a  ne w ico n b y 

(a )  physicall y rotatin g th e curren t  toke n (g o t o 

l);o r 

(b )  meniall y rotatin g curren t  icon ,  (g o t o 2 ) 

5.  choos e th e placemen t  tha t  bes t  maximize s lo -

cal  fitness  a s wel l  a s certai n othe r  weighte d fea -

tures . 

If the token-based method resembles the human 

proces s o f  selectin g placements ,  physica l  rotatio n i s 

likel y t o b e value d a s a  mean s o f  reducin g bot h th e 

tim e an d eff'or t  o f  menta l  computatio n occurrin g i n 

ste p 4 .  Piece s ca n b e physicall y rotate d i n les s tha n 

100 m s wherea s w e estimat e tha t  menta l  rotatio n 

take s i n th e neighborhoo d o f  80 0 t o 120 0 ms ,  base d 

on pilo t  data ,  suc h a s tha t  displaye d i n figure  4 . 

Thi s m a y b e misleadin g i f  w e assum e tha t  becaus e 

of  primin g effects ,  secon d an d subsequen t  rotation s 

ar e faste r  tha n first  rotations . 

I f  th e type-base d metho d resemble s th e huma n 

process ,  o n th e othe r  hand ,  physica l  rotatio n i s no t 

especiall y helpfu l  i n enhancin g th e spee d o f  comput -

in g loca l  fitness.  W e assum e tha t  onc e a  piec e ha s 

bee n correctl y identified ,  on e m a y hav e acces s t o it s 

shap e unde r  al l  rotations ,  sinc e i t  m a y b e store d i n 

thi s multipl e perspectiv e form .  I f  physica J rotatio n i s 

usefu l  i n thi s type-base d method ,  i t  wil l  b e becaus e 

i t  abbreviate s th e tim e neede d fo r  Ste p 1 :  identif y 

typ e o f  piece .  Fo r  example ,  suppos e i t  take s 120 0 

ms t o identif y a  piec e typ e fro m a  presentatio n o f  a 

singl e token ,  wherea s i t  take s 100 0 m s t o identif y a 

typ e i f  show n on e toke n fo r  60 0 m s immediatel y fol -

lowe d b y anothe r  toke n fo r  40 0 ms .  I n suc h cases ,  i t 

seems natura l  t o conclud e tha t  rapi d presentatio n o f 

multipl e perspective s o f  a  piec e stimulat e retrieva l  o f 

al l  perspective s faste r  tha n presentatio n o f  a  singl e 

perspective . 
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Figur e 5 :  Globa l  Fitnes s 

I n thi s figur e w e compar e th e tendenc y o f  huma n player s an d Robotetri s t o choos e location s o n 
th e basi s o f  globa l  fitness .  A s th e result s show ,  huma n subject s var y i n ho w strongl y the y weigh t 
globa l  fitness .  Intermediate s (mea n scor e 3 6 rows )  plac e piece s i n th e globall y  fi t  plac e 4 1 % o f  th e 
time ;  expert s (mea n scor e 9 3 rows )  39% .  I n th e versio n o f  Robotetri s considere d her e (moderat e 
performanc e wit h mea n scor e o f  87 6 rows )  4 1 % o f  placement s ar e globall y  fit ,  lumpin g Robotetri s 
wit h intermediate s i n globa l  fitness ,  thoug h fa r  abov e expert s i n performance . 

C o n c l u s i o n 

We have argued that standard state transforming 

action s are ,  a t  times ,  bes t  understoo d a s servin g a n 

epistemi c rathe r  tha n a  pragmati c purpose .  Th e 

poin t  o f  a  particula r  actio n m a y see m t o b e tha t 

of  bringin g a n agen t  physicall y close r  t o it s goals , 
yet  upo n mor e carefu l  analysi s th e rea l  poin t  o f  tha t 

actio n ma y b e t o increas e th e reliabilit y  o f  a  judge -

ment ,  o r  t o reduc e th e space-tim e resource s neede d 

t o comput e it .  Mos t  thoughtfu l  theorist s o f  actio n 

no w agre e tha t  a  natura l  par t  o f  plannin g an d actin g 

i s gatherin g information .  Characteristically ,  how -

ever ,  thi s ha s bee n interprete d t o mea n tha t  planner s 

shoul d hav e a n activ e han d i n controllin g senso r  ac -
tions .  Th e thrus t  o f  ou r  accoun t  o f  epistemi c action s 
i n th e gam e o f  Tetri s i s tha t  th e scop e o f  epistemi c 
activit y i s muc h wide r  tha n senso r  relate d activity . 
Verificatio n an d experimentatio n ar e th e simples t  o f 
epistemi c functions .  Ther e ar e countles s other s i n 

ever y natura l  for m o f  intelligen t  activity .  I t  i s  ax -
iomati c tha t  adaptiv e creature s woul d strik e o n suc h 
strategie s fo r  augmentin g thei r  cognitiv e abilities . 
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