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R e t h i n k i n g th e R o l e o f  Ex te rna l  Represen ta t io n i n P r o b l e m solvin g 

Simo n M .  K .  Lu i  (li940K159@hkusua.hku.hk ) 
Dcpai  tinen l  o f  Psycholog y 

Universit y o f  Hon g Kong ,  Pokfula m Road ,  H K 

Alonso H. Vera (vera@hku.hk) 
Departmen t  o f  Psycholog y 

Universit y  o f  Hon g Kong ,  Pokfula m Road ,  H K 

The so-calle d "cognitiv e revolution "  o f  th e mid-1950 s ha s 
resulte d i n extensiv e researc h o n interna l  cognitiv e 
processes .  Researcher s studyin g differen t  area s o f  huma n 
cognitiv e function s wer e typicall y focuse d o n bot h th e 
content s an d processe s tha t  occu r  insid e th e head .  Newer , 
approaches ,  lik e situate d actio n an d distribute d cognition , 
questio n th e information-processin g approac h t o th e 
understandin g o f  huma n proble m solvin g an d knowledge . 
They emphasiz e externa l  representation ,  bot h i n th e physica l 
and socia l  world ,  ove r  interna l  representatio n i n variou s 
kind s o f  huma n activities .  Unde r  th e influenc e o f  th e tw o 
newer  approaches ,  studie s demonstratin g th e importanc e 
and facilitatio n effect s o f  externa l  representatio n hav e 
increase d i n numbe r  (Gero ,  1998 ;  Scaif e &  Rogers ,  1996 ; 
Suwa &  Tversky ,  1997 ;  Zhang ,  1997 ;  Zhan g &  Norman , 
1994) .  The y focu s o n th e stud y o f  th e task s an d situation s i n 
whic h th e activitie s ar e performed . 

Studie s b y Zhan g an d hi s colleague s (Zhang ,  1997 ;  Zhan g 
& Norman ,  1994 )  showe d th e positiv e effec t  o f 
externalizin g rule s i n solvin g traditiona l  cognitiv e problems . 
Architectura l  desig n researc h als o emphasize s th e 
interactio n betwee n externa l  representatio n an d interna l 
representatio n (Gero ,  1998 ;  Suw a &  Tversky ,  1997) . 
However ,  observatio n from  a  stud y b y Vera ,  Kvan ,  West , 
and La i  (1998 )  o n architectura l  desig n showe d simila r 
desig n proces s b y participant s usin g distinc t  way s o f 
representin g th e problem . 

I n thi s study ,  eightee n pair s o f  participant s worke d o n th e 
Twelv e Ball s Problem' ,  a  cognitiv e proble m no t  lik e othe r 
traditiona l  one s suc h a s tic-tac-to e isomorph y o r 
missionarie s an d cannibals ,  fo r  forty-fiv e minute s unde r 
chat  line ,  audi o video ,  o r  fac e t o fac e condition .  The y wer e 
allowe d t o freely  represen t  th e proble m o n a  share d 
electroni c whiteboard .  Som e pair s solve d th e proble m 
throug h representin g th e proble m solvin g i n tre e diagrams , 
whil e other s use d productio n rules ,  o r  actua l  manipulatio n 
of  draw n balls . 

Verba l  protocol s betwee n pair s o f  participant s wer e code d 
int o si x  categorie s fo r  th e analysi s o f  th e qualit y o f  thei r 
proble m solving .  Thre e o f  th e categorie s ar e goo d indicator s 
of  proble m solving ,  i.e .  Meta-rule ,  Bot h Possibl e Outcome s 
Evaluated ,  an d Pat h Rule d Out ,  tha t  hel p th e participant s 
move towar d th e solution .  Thre e othe r  categories .  Imprope r 
Move,  Unbalance d Strategy ,  an d Gues s ar e o f  ba d proble m 
solvin g i n tha t  the y don' t  mov e participant s towar d th e 
solution .  Analyse s wer e don e comparin g difference s 
betwee n group s wit h an d withou t  usin g a  particula r 

representatio n o n th e indicator s mentione d above .  N o 
significan t  differenc e wa s found .  Th e numbe r  o f  idea s wa s 
als o counte d i n orde r  t o compar e difference s betwee n usin g 
and no t  usin g a  particula r  representatio n an d th e resul t  wa s 
als o no t  significant . 

Ther e wa s n o dramati c impac t  o f  externa l  representatio n 
foun d i n thi s study .  Eve n pair s usin g ver y distinc t  mode s o f 
representatio n di d no t  diffe r  muc h from  eac h othe r  i n thei r 
proble m spac e search .  I n general ,  tre e diagra m 
representatio n an d form s o f  productio n rule s ar e abstrac t 
ways o f  explorin g possibilitie s an d relation s o f  differen t 
tasks .  The y diffe r  significantl y fro m th e creatio n an d 
manipulatio n o f  explici t  object s an d manipulatin g them .  Th e 
simila r  proble m solvin g behavior s displaye d b y pair s i n thi s 
stud y sugges t  tha t  th e lin k betwee n externa l  representatio n 
and bette r  performanc e i n variou s task s i s no t  a s simpl e an d 
direc t  a s i t  appear s a t  firs t  glance .  Wit h th e differen t  type s o f 
representatio n used ,  participan t  pair s di d no t  diffe r  i n 
generatin g mor e ideas ,  havin g mor e reflectiv e thought s o n 
th e problem ,  o r  i n bette r  avoidin g useles s moves .  Asid e 
fro m bein g mor e complex ,  th e Twelv e Ball s Proble m i s no t 
inherentl y differen t  from  th e kind s o f  problem s an d 
isomorph s tha t  hav e bee n studie d i n recen t  distribute d 
cognitio n work .  Ther e i s n o a  prior i  reaso n t o expec t  tha t 
representatio n woul d hav e n o effec t  i n thi s task . 
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