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ABSTRACT 

A complementar y strateg y ca n b e define d a s an y organizin g 
activit y whic h recruit s externa l  element s t o reduc e cognitiv e 
loads .  Typica l  organizin g activitie s includ e pointing , 
arrangin g th e positio n an d orientatio n o f  nearb y objects , 
writin g thing s down ,  manipulatin g counters ,  ruler s o r  othe r 
artifact s tha t  ca n encod e th e stat e o f  a  proces s o r  simplif y 
perception .  T o illustrat e th e ide a o f  a  complementar y strategy , 
a simpl e experimen t  wa s performe d i n whic h subject s wer e 
aske d t o determin e th e dolla r  valu e o f  collection s o f  coins .  I n 
th e no-band s condition ,  subject s wer e no t  allowe d t o touc h th e 
coi n image s o r  t o mov e thei r  hand s i n an y way .  I n th e hand s 
condition ,  the y wer e allowe d t o us e thei r  hand s an d finger s 
howeve r  the y liked .  Significan t  improvement s i n tim e an d 
number  o f  error s wer e observe d whe n S' s use d thei r  hand s 
ove r  whe n the y di d not .  T o explai n thes e facts ,  a  brie f  accoun t 
of  som e commonl y observe d complementar y strategie s i s 
presented ,  an d a n accoun t  o f  thei r  potentia l  benefit s t o 
perception ,  memor y an d attention . 

In t roduc t io n 

A complementar y strateg y ca n b e define d a s an y 
organizin g activit y whic h recruit s externa l  element s t o 
reduc e cognitiv e loads .  Th e externa l  element s m a y b e ou r 
finger s o r  hands ,  penci l  an d paper ,  movabl e icons , 
counters ,  measurin g devices ,  o r  othe r  entitie s i n ou r 
immediat e environment .  Typica l  organizin g activitie s 
includ e pointing ,  arrangin g th e positio n an d orientatio n o f 
nearb y objects ,  (Kirsh ,  95) ,  writin g thing s down , 
manipulatin g counters ,  ruler s o r  othe r  artifact s tha t  ca n 
encod e th e stat e o f  a  proces s o r  simplif y perception . 

An obviou s exampl e o f  a  complementar y strateg y i s 

usin g penci l  an d pape r  t o hel p ad d a  lis t  o f  severa l  tw o an d 

thre e digi t  numbers .  Mos t  o f  u s find  i t  easier ,  faste r  an d 

mor e reliabl e t o writ e d o w n incrementa l  sums ,  an d carr y 

overs ,  tha n t o d o th e summin g entirel y i n ou r  heads .  Fo r 

lon g lists ,  w e tend ,  a s well ,  t o recrui t  th e penci l  itsel f  a s a 

pointe r  t o hel p kee p ou r  place .  Eac h o f  thes e action s ha s 

it s cognitiv e benefit .  B y writin g d o w n number s w e offloa d 

tha t  portio n o f  workin g m e m o r y require d t o stor e 

intermediat e results ,  b y pointin g t o particula r  numeral s w e 

hel p direc t  attentio n an d offloa d tha t  portio n o f  workin g 

m e m o ry require d t o stor e knowledg e o f  location ,  an d b y 

recordin g carr y over s w e se t  u p th e enviroiunen t  t o 

simplif y verificatio n o f  ou r  sum ,  shoul d w e desir e t o red o 

par t  o f  it .  I n m y terminology ,  suc h action s complemen t 

th e interna l  processe s occurrin g whe n w e add .  The y ar e 

externa l  component s i n a n interactiv e computation . 

(Hutchins ,  95) . 

I t  i s  certainl y n o ne w clai m t o argu e that ,  a s intelligen t 

creatures ,  w e hav e technique s fo r  alterin g ou r  environmen t 

t o enhanc e ou r  cognitiv e performance .  Cognitiv e 

anthropologists ,  an d situate d activit y theorist s hav e lon g 

discusse d som e o f  th e way s w e hav e o f  changin g ou r 

environmen t  t o augmen t  cognition .  (Lav e 88) .  Typically , 

however ,  th e change s discusse d ar e cultural ,  the y aris e 

when ne w technologie s ar e introduced ,  o r  whe n w e lea m 

ne w facts ,  method s an d concepts .  The y tak e day s o r  week s 

or  year s t o evolve ,  an d the y involv e sharin g resource s an d 

frequentl y cooperatin g wit h others .  Moreover ,  the y ar e 

rarel y studie d experimentally .  (Kirs h &  Maglio ,  94 ) 

Th e environmental  adaptation s I  shal l  focu s on , 

however ,  occu r  m o m e n t  b y m o m e nt  a s w e manag e ou r 

workspaces .  The y ar e usuall y quic k t o se t  up ,  an d thei r 

effec t  i s  brie f  measure d i n second s o r  fraction s o f 

seconds, .  Moreover ,  thes e strategie s ar e ofte n acquire d 

quickly ,  a s when ,  fo r  instance ,  i n th e cours e o f  a n activity , 

we discove r  th e valu e o f  pointing ,  o r  layin g dow n a  ruler , 

etc .  W e ofte n lea m thes e b y ourselves ,  an d ou r  improve d 

performanc e ca n b e studie d bot h analyticall y an d 

experimentally . 

I n thi s pape r  I  explor e on e pervasiv e exampl e o f  suc h 

complementar y strategies :  usin g ou r  hand s t o hel p think , 

remember  an d perceive .  Afte r  briefl y elaboratin g th e 

centra l  idea ,  I  introduc e a  pilo t  experimen t  t o explor e a  fe w 

of  th e function s serve d b y pointin g an d relate d han d 

movements .  I  conclud e wit h a  shor t  accoun t  o f  som e o f 

th e principle s underpinnin g complementar y strategies . 

Complementary strategies 

Imagine being shown an upside down photograph and 
aske d t o identif y th e perso n depicted .  You r  natura l  actio n 
i s t o reac h ou t  an d tur n th e pictur e righ t  sid e up .  Face s ar e 
mor e readil y recognize d whe n upright .  Apparently ,  t o 
facilitat e perception ,  w e perfor m a n actio n tha t  adapt s th e 
worl d t o ou r  perceptua l  capacities .  Thi s ide a - -  tha t 
sometime s th e bes t  wa y t o solv e a  cognitiv e proble m i s b y 
adaptin g th e worl d rathe r  tha n adaptin g onesel f  — lie s a t 
th e hear t  o f  complementar y strategies . 
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I  believ e w e lea m thes e adaptationa l  strategie s b y th e 

thousands .  Fo r  example ,  i f  a n agen t  wer e give n th e tas k o f 

memorizin g th e letter s o f  a  string ,  suc h a s 

Q I U Y O K J H U Y T O G U,  firs t  withou t  touchin g th e letters , 

the n wit h touc h an d re-arrangonen t  allowed ,  i t  i s  likel y 

tha t  h e o r  sh e woul d discove r  a  metho d o f  movin g th e 

letter s t o reliabl y increas e performance .  On e suc h letter -

movin g techniqu e woul d b e t o shif t  th e letter s int o 

groupings ,  suc h a s Q I U Y O K J H U Y  T O G U .  Another , 

more radica l  technique ,  woul d b e t o re-orde r  th e letter s i n 

alphabetica l  order ,  suc h a s G H I J K O O Q  T  U U U Y Y . 

I n an y suc h activit y ther e i s a  trade-off :  th e cos t  i n tim e 

and effor t  t o perfor m th e complementar y activit y i n th e 

worl d vs .  th e tim e an d effor t  t o us e existin g menta l 

procedure s an d strategie s t o accomplis h th e tas k withou t 

externa l  aid .  (Kirsh ,  95) . 

Mor e factor s ar e involve d i n th e choic e o f  a 

complementar y strateg y tha n jus t  speed ,  however .  I n 

additio n t o (potentially )  faste r  performanc e th e virtu e o f 

suc h strategie s i s tha t  b y changin g th e loca l  environmen t  ~ 

at  th e righ t  tim e an d i n th e righ t  wa y ~  agent s ar e abl e t o 

reduc e th e probabl e erro r  rate ,  t o cop e wit h larger ,  mor e 

comple x problems ,  an d t o dea l  wit h interferenc e mor e 

successfull y -  al l  typica l  measure s o f  performance ,  an d 

indicator s o f  th e cognitiv e demand s a  tas k imposes . 

Complementar y strategies ,  therefore ,  allo w agent s t o 

compensat e fo r  resourc e limitation s i n workin g memor y 

and processin g power ,  an d cognitiv e limitation s i n 

categorizin g skill ,  an d s o on .  (Backma n e t  al ,  92) . 

The objectiv e o f  researc h o n complementar y strategie s i s 

t o expos e th e ubiquit y o f  thes e strategie s -  particularl y 

thos e tha t  ar e spontaneousl y displaye d b y subject s ~  t o 

describ e th e ke y trade-offs ,  suc h a s speed-accuracy ,  speed -

proble m size ,  speed-robustness ,  an d t o explai n thes e i n 

term s o f  a n underlyin g processin g accoun t  describin g th e 

way menta l  resource s ar e used .  I f  complementar y 

strategie s ar e pervasive ,  ther e ough t  t o b e genera l 

principle s governin g th e shap e o f  trade-of f  curve s fo r 

successfu l  complementatio n strategies . 

A Simple Coin Counting Experiment: 

To observe how complementary strategies enhance 
performance ,  a  simpl e pilo t  experimen t  wa s performed . 
Thre e mal e an d tw o femal e subject s (ag e 23-38 ,  mea n 26 ) 
wer e show n tw o set s o f  3 0 images ,  eac h depictin g a 
differen t  arrangemen t  o f  quarters ,  dime s an d nickels . 
Thei r  tas k wa s t o determin e th e dolla r  an d cent s amoun t 
present .  Se e figur e 1 . 

I n conditio n one ,  th e n o hand s condition ,  subject s wer e 

tol d no t  t o poin t  a t  th e coi n images ,  o r  t o mov e thei r  hands . 

I n conditio n two ,  th e hand s condition ,  the y wer e allowe d t o 

use thei r  hand s an d finger s t o poin t  o r  coun t  The y wer e 

instructe d t o su m th e coin s a s quickl y a s possible ,  bu t  t o 

make ever y effor t  t o giv e th e correc t  answer .  Th e result s 

showin g th e mea n tim e take n t o announc e a  sum ,  hereafte r 

time ,  an d th e mea n numbe r  o f  mistake n sums ,  hereafte r 

errors ,  ar e give n i n figur e 2 .  O n averag e subject s too k 

22. 5 se c i n n o hand s an d 18. 7 se c i n hand s t o announc e 

thei r  answer ,  an d the y wer e mistake n i n n o hand s 6 8 % o r 

20. 3 ou t  o f  3 0 stimuli ,  (p<.4) ,  an d i n hand s 4 2 % o r  12. 6 

out  o f  3 0 stimuli ,  (p<.4) . 
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Figur e 1 . 
To ge t  a  sens e o f  th e problem ,  coun t  th e coin s depicte d 

i n figur e 1 :  firs t  withou t  usin g you r  hand s an d the n coun t 
the m usin g you r  finger s an d bands .  Th e difficult y i n 
keepin g trac k o f  whic h coin s on e ha s counte d make s 
pointin g a  usefu l  complementar y strategy .  Subject s w h o 
hav e t o coun t  rea l  coin s ca n us e mor e powerfu l 
complementar y strategie s suc h a s clusterin g th e coin s int o 
denominations ,  o r  pushin g the m of f  t o on e sid e a s the y ar e 
counted .  Thes e ar e familia r  complementar y strategie s 
whic h occu r  naturally .  Bu t  th e experimen t  reporte d her e 
di d no t  us e rea l  coin s o r  permi t  physica l  re-arrangement . 
The result s o f  th e experimen t  ar e show n i n figur e 2 . 

H a n d s Imp rov e Pe r f o rmanc e 

Error s 

Figur e 2 . 

Three features of this simple experiment deserve special 

mention .  First ,  eac h subjec t  wa s teste d o n a  rando m 

selectio n o f  3 0 stimul i  i n eac h condition .  Th e numbe r  o f 

coin s displaye d wa s a  rando m selectio n o f  nickels ,  dime s 

and quarter s totalin g anywher e fro m 2 1 t o 3 1 coins ,  (mea n 

of  26) ,  an d th e numbe r  o f  coin s wa s matche d acros s 
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conditions ,  s o tha t  eac h subjec t  s u m m e d thre e set s o f  21,2 2 

..3 1 coin s i n n o hand s (totalin g 3 0 stimuli )  an d thre e set s 

of  21,2 2 . .  3 1 coin s i n hand s (totalin g 3 0 stimuli) .  Al l  S' s 

sa w th e sam e 6 0 stimuli ,  whic h wer e sufficien t  t o yiel d 

significan t  difference s i n mea n erro r  ( p <  .04 )  an d mea n 

spee d ( p <.04 )  fo r  eac h individua l  subject . 

Second ,  ther e wa s clea r  evidenc e tha t  subject s evolve d 

strategie s microgenetically .  Durin g th e fu^ t  2 0 % o f  trials , 

or  so ,  ever y subjec t  appeare d t o b e experimentin g wit h 

differen t  techniques ,  (thi s vie w wa s confirme d i n verba l 

report s i n th e debriefing) .  Late r  a  dominan t  strateg y wa s 

selected ,  an d wa s the n use d fo r  th e res t  o f  th e trial s i n tha t 

condition .  Onc e a  comfortabl e strateg y wa s found , 

subject s usuall y continue d usin g i t  eve n whe n th e conditio n 

changed .  Thus ,  whe n subject s wer e teste d fu^ t  o n n o 

hands ,  the n o n hands ,  th e complementar y strateg y use d i n 

hand s wa s geare d t o hel p th e basi c strateg y settle d o n i n n o 

bands .  Henc e th e ter m complementar y strategy : 

performin g externa l  action s tha t  complemen t  interna l 

actions .  Ther e wa s verba l  suppor t  evidenc e o f  thi s patter n 

of  settin g a  strateg y t o b e use d i n bot h condition s eve n fo r 

subject s w h o wer e give n th e hand s conditio n first .  Thes e 

subject s reporte d tryin g t o coun t  withou t  hand s i n a  manne r 

tha t  resemble d th e w a y the y ha d counte d wit h hands . 

Third ,  give n th e complexit y o f  th e phenomen a bein g 

studied ,  an y claim s abou t  wha t  i s occurrin g durin g th e 

microgeneti c phase ,  an d b o w a  complementar y strateg y 

comes int o being ,  mus t  b e speculativ e a t  bes t  Clearly , 

subject s ar e awar e o f  tryin g ou t  n e w strategies ,  bot h menta l 

an d complementar y strategies .  Bu t  w e canno t  sa y h o w 

the y thin k u p n e w strategies ,  o r  w h y the y settl e o n on e 

strateg y rathe r  tha n continu e lookin g fo r  bette r  ones . 

Despit e thi s limitation ,  i t  i s  clea r  tha t  a  minima l  theor y o f 

complementar y strateg y shoul d provid e a  se t  o f  theoretica l 

principle s powerfu l  enoug h t o explai n w h y an y particula r 

complementar y strateg y succeed s o r  fail s  i n term s o f  th e 

menta l  resource s an d menta l  strategie s used . 

Complementing Visual Strategies 

In order to evaluate how helpful a complementary 
strateg y is ,  w e mus t  hav e som e ide a o f  th e menta l  strateg y 
i t  i s  complementing .  Th e theor y o f  visua l  routine s (Ullma n 
1985 )  provide s th e startin g plac e fo r  a  framewor k fo r 
discussin g certai n menta l  strategies .  I t  offer s a n accoun t  o f 
th e basi c computationa l  operation s availabl e t o a  subjec t 
fo r  selectin g an d manipulating  element s o f  a  scene ,  an d i s 

therefor e a  natura l  plac e t o begi n a  theor y abou t  visuall y 
counting .  Th e basi c ide a i s tha t  visua l  routine s ar e 
procedure s o r  program s tha t  us e primitiv e visua l  operation s 
t o idenUf y a  targe t  property .  Th e flexibilit y  thi s give s th e 
visua l  syste m i s tha t  propertie s invente d o n th e fly ,  suc h a s 
a grou p o f  fou r  quarter s no t  ye t  counted ,  ca n becom e 
target s fo r  systemati c visua l  search . 

I n Ulbnan' s stud y ther e i s n o explanatio n o f  th e 
processe s whic h shap e th e evolutio n o f  visua l  routines . 
Nor  i s ther e an y accoun t  o f  h o w limitation s o n non-visua l 
m e m o ry constrai n th e typ e o f  visua l  routine s tha t  ma y 
exis t  Th e theor y o f  visua l  routines ,  accordingly ,  doe s no t 
explai n h o w th e nee d t o remembe r  intermediat e values , 
suc h a s th e dolla r  valu e o f  quarters ,  o r  dimes ,  help s t o 
shap e visua l  strategie s fo r  counting .  Ultimately ,  th e pla n 
an agen t  settle s o n mus t  b e responsiv e t o 'non-visual ' 
constraint s a s well .  Thus ,  i f  th e pla n i s t o firs t  coun t 
quarter s i n fours ,  the n ad d dime s incrementall y t o th e 
dolla r  valu e o f  quarters ,  the n ad d nickels ,  w e shoul d se e 
thi s no t  a s a  purel y visua l  strategy ,  bu t  a s a  mixe d strategy , 
on e tha t  i s sensitiv e bot h t o th e visua l  skill s  an d visua l 
m e m o ry limitation s o f  th e agent ,  an d th e non-visua l 
m e m o ry skill s  an d limitation s o f  th e agent . 

I n figur e 3  th e mixe d strateg y o f  subjec t  S R i s depicted . 

Of  al l  subjects ,  S R displaye d th e mos t  significan t 

improvemen t  i n performanc e i n th e tw o conditions .  Wha t 

i s  revealin g abou t  SR' s approac h i s tha t  hi s menta l  strateg y 

regularl y calle d fo r  m e m o r y o f  mor e visua l  marker s tha n 

he coul d recall .  B y substitutin g certai n externa l  action s b e 

was abl e t o reduc e demand s o n visua l  memor y enoug h t o 

reduc e error s b y 6 0 % an d increas e spee d b y 2 0 % .  I n th e 

debriefmg ,  S R describe d hi s strateg y lik e this : 

First, I count the quarters by grouping them into fours in a 
sor t  o f  clockwis e manner ,  i f  tha t  i s  natura l  I f  th e quarter s tota l 
an od d number ,  suc h a s $2.75 ,  I  loo k aroun d fo r  a  nicke l  t o us e 
t o pu t  th e tota l  t o a n eve n number ,  $2.80 ,  s o tha t  I  ca n run v ad d 
th e dime s easily ,  b y jus t  addin g te n t o wha t  i s reall y a n easie r 
number  t o wor k wit h i.e .  28 0 instea d o f  275 .  I  the n ad d nickel s 
i n group s o f  two .  I  foun d tha t  i f  I  ha d 'stolen '  a  nicke l  I  woul d 
ofte n forge t  wher e i t  was .  S o whe n I  us e m y hands ,  I  pu t  m y 
thum b o n th e stole n nicke l  Thi s helpe d a  lot .  Then ,  whe n i t 
came tim e t o coun t  nickels ,  I  coul d us e tw o finger s fro m m y othe r 
han d t o poin t  t o th e tw o I  wa s on ,  an d s o ad d m y tw o nickel s 
easily . 

In what follows I will discuss some of the benefits SR 

reape d wit h thi s curiou s strategy ,  an d ti e th e discussio n t o 

mor e genera l  notion s o f  memory ,  perceptio n an d attention . 
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Figur e 3 b Han d Strateg y 

Figur e 3 a i s a n attemp t  t o represen t  SR' s n o han d o r  menta l  strategy .  Figur e 3 b portray s hi s han d o r  complementar y 
strategy .  Th e symbol s n  s  1  X  an d +  ar e use d t o indicat e th e visua l  marker s propose d b y Ullman ,  an d th e close d curve s 
mark subitize d regions .  I n 3a ,  S R ha s counte d al l  th e quarter s an d i s abou t  t o star t  o n th e dimes .  H e bega n hi s menta l 
countin g b y subitizin g th e fou r  quarter s i n th e uppe r  lef t  quadran t  an d markin g th e cente r  o f  tha t  se t  o f  4  quarter s wit h hi s 
first  visua l  marker ,  represente d b y s  .  Hi s nex t  ste p wa s t o subitiz e a  secon d grou p o f  4  quarters ,  thi s tim e i n th e uppe r 
right  quadrant ,  an d mar k th e se t  b y + .  Thre e quarter s remain ,  al l  i n th e lowe r  left ,  an d thes e h e counte d an d marke d wit h 
n .  Havin g n o w foun d $2.7 5 wort h o f  quarter s h e proceede d t o steal '  a  nicke l  t o mak e a  su m o f  $2.80 ,  an d marke d th e 
stole n nicke l  wit h hi s fourt h marke r  1 .  H e the n turne d hi s attentio n t o dimes ,  agai n beginnin g i n th e uppe r  lef t  quadrant . 
To kee p hi s attentio n o n tha t  locatio n h e marke d tha t  targe t  wit h hi s final  marker ,  X  I n 3b ,  S R make s us e o f  hi s lef t 
forefinge r  t o mar k th e locatio n o f  th e stole n nicke l  an d s o t o liberat e on e o f  th e marker s fo r  additiona l  use .  I n hi s ora l 
account ,  S R als o describe d usin g hi s right  han d t o hel p coun t  nickel s i n twos .  Bu t  tha t  actio n i s no t  show n her e 

Memory 

The most obvious cognitive burden subjects encounter in 
th e countin g experimen t  i s t o remembe r  intermediat e sums . 
I t  i s  eas y t o dro p a  digi t  i n countin g - -  'a m I  a t  28 5 o r 
385? '  Som e subjects '  respons e t o thi s proble m wa s t o 
partiall y  coun t  wit h thei r  fingers.  Subjec t  JD ,  fo r  instance , 
woul d encod e th e curren t  dolla r  valu e o n he r  fingers  s o tha t 
al l  menta l  countin g coul d b e don e usin g on e o r  tw o digits . 
Thus ,  rathe r  tha n mentall y countin g wit h thre e digit s a s i n 
275 ,  285 ,  295 ,  305 ,  sh e woul d exten d tw o fingers  an d 
coun t  75 ,  85 ,  95 ,  exten d a  thir d finger  an d coun t  5 .  Thi s 
reduce d JD' s workin g memor y loads .  SR' s strateg y wa s 
equall y effectiv e bu t  mor e baroque .  B y stealin g a  nicke l 
t o conver t  od d value d amount s (275 )  t o eve n one s (280) , 
SR achieve d th e sam e economizin g i n workin g memor y a s 
subjec t  J D di d bu t  withou t  reducin g digi t  length .  Hi s tric k 
was t o limi t  th e phonologica l  complexit y o f  th e numera l  h e 
had t o continuall y update .  Th e numbe r  o f  syllable s kep t 
i n th e articulator y loo p (Baddelly )  i s  greate r  fo r  two -
seventy-fiv e tha n fo r  two-eight y despit e bot h 27 5 an d 28 0 
bein g thre e digit s long .  Thus ,  althoug h S R seeme d t o b e 
usin g thre e digi t  number s wherea s J D seeme d t o b e usin g 
tw o digi t  numbers ,  bot h use d equi-syllabi c numbers ,  e.g . 
twen-ty-se-ve n vs .  two-se-ven-ty . 

Memory saving s i n syllabl e lengt h als o translat e fairl y 

directl y int o saving s i n processin g time .  Presumably ,  on e 

of  th e potentia l  limitation s o n countin g spee d i s th e tim e 
neede d — t o mentall y utte r  twen-ty-se-ve n ~  tha t  is ,  t o 

encod e update d sum s i n articulator y memory . 

Accordingly ,  h o w fas t  on e ca n coun t  partl y depend s o n th e 

lengt h o f  tim e i t  take s t o mentall y utte r  th e numbers .  An y 

reductio n i n syllabl e siz e translate s t o a  reductio n i n 

countin g time .  (Baddele y e t  al ,  84) .  Hence ,  SR' s 

techniqu e save d bot h tim e an d memory . 

Anothe r  saving s i n workin g m e m o r y produce d b y SR' s 
technique ,  stem s fro m shiftin g item s ou t  o f  workin g 

memory t o lon g ter m memory .  S R suggeste d tha t  hi s 

greates t  memor y saving s cam e fro m placin g hi s  thum b 

ove r  th e stole n nickel ,  fo r  n o w h e n o longe r  ha d t o 

remember  bot h whethe r  h e ha d stole n a  nickel ,  an d whic h 

particula r  nicke l  t o avoi d counting .  Prim a faci e th e 

functio n o f  thi s externa l  marke r  i s  t o liberat e a n interna l 

marker .  Bu t  arguabl y th e rea l  saving s lie s elsewhere .  Fo r 
presumably ,  regardles s o f  whethe r  a n agen t  keep s a n 

interna l  visua l  marke r  o n a  menta l  representatio n o f  a 

nickel ,  o r  a n externa l  finger  marke r  o n a  physica l  nickel , 

he stil l  mus t  kee p i n som e portio n o f  memor y th e meanin g 

of  th e marke r  -  her e lie s th e stole n nickel .  I n th e cas e o f 

interna l  visua l  markers ,  thes e label s mus t  b e i n som e pa n 

of  workin g memory ,  fo r  th e marker s ar e create d o n th e fly 

wit h potentiall y a d ho c meanings .  I n th e cas e o f  externa l 

marking ,  however ,  th e meanin g o f  one' s thum b o n a  coi n 
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m ay becom e conventional ,  henc e draw n fro m lon g ter m 

memory. 

Managing Attention 

One easily forgettable feature of attention is that its 
management  i s eithe r  highl y practice d an d automatic ,  o r  i s 
drive n b y a  progra m residen t  i n W M.  I t  take s memor y t o 
remember  th e strateg y on e i s currentl y following .  A 
furthe r  consequenc e o f  SR' s techniqu e o f  markin g th e 
stole n nicke l  i s  tha t  i t  reduce s th e memor y cost s associate d 
wit h runnin g th e attentiona l  strategy . 

T o se e this ,  retur n t o th e functio n achieve d b y pointin g 

t o th e stole n nickel .  Fro m a  purel y logica l  poin t  o f  vie w 

ther e i s n o reaso n t o poin t  t o on e nicke l  rathe r  tha n 

another .  Th e informationa l  functio n o f  hidin g a  nicke l  i s 

t o mar k th e fac t  tha t  a  nickel ,  an y nickel ,  ha s bee n counte d 

already .  Thi s functio n coul d equall y wel l  b e achieve d b y 

holdin g one' s nose .  But ,  from  SR' s ora l  account s i t  wa s 

clea r  tha t  h e di d no t  poin t  t o a  rando m nickel ,  an d clear , 

moreover ,  tha t  whe n i t  cam e tim e t o coun t  nickels ,  h e 

woul d intentionall y avoi d countin g th e marke d nickel . 

Thi s i s no t  simpl y idiosyncratic .  Th e actio n i s adaptive . 

For  ha d S R no t  bidde n a  particula r  nickel ,  h e woul d b e 

force d t o choos e a  particula r  nicke l  t o overlook .  Tha t  is , 

he woul d hav e ha d t o surve y al l  nickels ,  an d recal l  tha t  bi s 

finge r  bein g extende d mean t  tha t  on e nicke l  shoul d b e 

ignored .  Th e judgmen t  o f  whic h nicke l  t o ignore , 

however ,  ca n b e eliminate d i f  a  specifi c  nicke l  i s  occluded . 

Accordingly ,  i f  SR' s finger  serve s a n occludin g rathe r  tha n 

a markin g function ,  S R wil l  hav e fewe r  region s t o atten d t o 

sinc e h e wil l  k n o w whic h regio n t o ignore .  Thi s save s hi m 

from  followin g a  visua l  instructio n suc h as ,  g o t o tha t 

regio n bu t  ignor e th e mentall y marke d nickel .  Tha t  is ,  b y 

occludin g a  nickel ,  S R i s abl e t o reduc e th e numbe r  o f 

distracter s h e mus t  dea l  with ,  an d reduc e th e menta l 

oveibea d o f  followin g a n attentiona l  strategy . 

Helping Perception 

Although pointing and marking can obviously help to 
direc t  attentio n an d hel p t o sav e th e us e o f  visua l  markers , 
ther e ar e severa l  purel y perceptua l  function s the y m a y 
serv e a s well .  Chie f  amon g thes e i s changin g th e contex t 
of  observation .  I n placin g one' s finge r  o n a  surface ,  th e 
set  o f  item s i n vie w i s altered .  Fo r  example ,  imagin e a 
subjec t  aske d t o coun t  th e followin g strin g o f  dot s 

T o hel p fixat e o n on e 
dot  a t  a  time ,  an d reduc e th e interferenc e from  neighborin g 
dots ,  a  subjec t  wil l  naturall y wan t  t o us e a  finge r  o r  penci l 
t o hel p kee p place .  Belyin g thi s simpl e complementar y 
strategy ,  however ,  i s  a  sl y trick :  fo r  b y pointin g a  penci l 
ti p a t  a  dot ,  an d movin g i t  u p on e do t  a t  a  time ,  on e i s 
effectivel y countin g th e numbe r  o f  penci l  moves ,  rathe r 

A 

/ \ 

\ / 

tha n th e numbe r  o f  dots .  Th e dot s ar e stil l  to o smal l  t o 
coun t  directly ,  bu t  no t  to o smal l  t o touc h on e b y on e wit h 
an instrument . 

Eve n mor e compellin g i s th e wa y addin g a  featur e ca n 

alte r  th e stati c gestal t  propertie s o f  a  \  / 

figure .  Fo r  instance ,  i n th e Muelle r  V 

Lye r  illusio n i t  i s  eas y t o defea t  th e 

appearanc e o f  unequa l  line s b y placin g 

one' s finge r  ove r  th e V  portio n o f  on e 

of  th e line s an d visuall y linin g u p th e 

tops . 

W hy d o thes e action s work ? H o w i s 

our  visua l  fiel d affected ? A n adequat e 

theor y o f  complementar y strateg y woul d recrui t  enoug h 

psychophysica l  theor y t o explai n th e mechanis m a t  woric , 

and th e likel y decreas e i n erro r  rate . 

Conclusion 

Intelligent creatures amplify their cognitive abilities by 

adaptin g thei r  environment s o f  actio n t o environment s 

wher e the y ca n ge t  th e bes t  result s fro m thei r  limite d 

cognitiv e resources .  A  neglecte d aspec t  o f  thi s ad£q)tiv e 

facult y concern s th e wa y hands ,  fmger s an d surroundin g 

materia l  object s ar e recruite d fo r  cognitiv e use .  I n thi s 

pape r  a  simpl e experimen t  wa s presente d t o sho w tha t  th e 

performanc e benefit s o f  suc h spontaneousl y create d 

strategie s - -  complementar y strategie s - -  ca n b e readil y 

measure d empirically .  T o properl y understan d th e basi s o f 

thes e performanc e improvements ,  i t  i s  necessar y t o 

understan d th e wa y variou s externa l  action s fi t  int o a n 

overal l  strateg y o f  computation .  Thi s require s identifyin g 

menta l  function s serve d b y externa l  action s an d changes , 

and enumeratin g th e resource s save d i n specifi c  cognitiv e 

component s suc h a s visua l  memory ,  articulator y loop , 

attentio n an d perceptua l  control .  I  hav e don e n o mor e 

tha n gestur e a t  th e rang e an d complexit y o f  thes e saving s 

here ,  bu t  th e nee d t o explor e complementar y strategie s 

shoul d b e evident . 
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