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T h e M i c r o g e n e t i c A n a l y s i s o f  a n O r i g a m i  T a s k 

Danie l  M .  (iruoii ,  (iiuri>i o Ganis ,  &  Rand y Gobbe l 

Department of Cognitive Science 0515 
Universit y o f  Californi a a t  Sa n Dieg o 

LaJolla,C A 9209 3 

Phone :  (619)534-208 8 
email :  gruen@cogsci.ucsd.ed u 

Abstrac t 
An experimen t  wa s conducte d i n whic h subject s repeatedl y 
constructe d Origam i  boxes ,  followin g exampl e model s 
displaye d b y th e experimenters .  A  microgeneti c analysi s 
was performe d o n videotape s o f  th e experiment .  Result s 
sho w a n increas e i n spee d generall y followin g th e powe r 
la w o f  practice ,  an d th e rearrangemen t  an d combinatio n o f 
operation s int o large r  units .  The y giv e evidenc e fo r  th e 
importanc e o f  externa l  informatio n i n th e task s peopl e 
perform ,  an d contai n a  possibl e exampl e a n occasio n o f 
insigh t  prompte d b y earlie r  breakdowns .  Mos t  importantly , 
th e experimen t  show s ho w a n apparentl y straightforwar d 
improvemen t  i n performanc e ca n b e dissecte d t o uncove r  th e 
myria d factor s an d effect s tha t  underli e it . 

Introduction 

M a ny researcher s hav e investigate d th e way s peopl e 
improv e whe n performin g repeate d tasks .  Newel l  an d 
Rosenbloo m (1980 )  showe d tha t  th e powe r  curv e o f 
practic e ca n b e applie d broadl y t o man y aspect s o f 
performance ,  an d applie d th e chunkin g theor y o f 
psycholog y a s a  partia l  explanatio n fo r  thi s phenomenon . 
Centne r  (1982) ,  studyin g th e evolutio n o f  typewritin g skill , 
and Agr e an d Shrage r  (1990) ,  w h o performe d a 
microgeneti c analysi s o f  a  copyin g machin e task , 
demonstrate d th e way s i n whic h task s underg o qualitativ e 
change s a s the y ar e performe d ove r  time .  Norma n (1988 ) 
and Zhan g (1990 )  discusse d th e way s i n whic h externa l 
informatio n i s use d i n proble m solvin g tasks ,  no t  onl y a s a 
memory aid ,  bu t  als o a s a  mechanis m b y whic h th e natur e 
of  th e tas k itsel f  i s  changed .  Ther e ha s als o bee n 
considerabl e investigatio n int o th e way s i n whic h people' s 
menta l  model s o f  th e task s the y perfor m develo p an d 
evolv e ove r  tim e (Johnson-Lair d (1988) ,  Simo n (1985) , 
Kintsc h an d Green o (1985) ,  an d others) . 

We se t  ou t  t o se e h o w man y o f  th e phenomen a identifie d 
i n th e substantia l  literatur e o n skil l  acquisitio n an d 
developmen t  woul d appea r  i n a  relativel y simple ,  shor t 
ter m stud y base d o n observin g subject s a s the y repeatedl y 
constructe d origam i  boxes .  Thi s tas k wa s chose n fo r 
severa l  reasons .  Firstly ,  th e tas k wa s comple x enoug h s o 
tha t  th e tas k coul d evolv e ove r  time ,  ye t  simpl e enoug h s o 
tha t  i t  coul d b e learne d quickl y b y novices .  Secondly ,  th e 
tas k involve s easil y observabl e manua l  manipulation s 
whic h would ,  i t  wa s hoped ,  provid e clue s t o th e subjects ' 
thinkin g a s the y performe d th e task .  Finally ,  th e tas k 
contain s thre e distinc t  ye t  relate d stages ,  an d i t  wa s hope d 
tha t  subject s woul d com e t o understan d th e difference s an d 

relationship s amon g th e stages .  Th e central ,  an d mos t 
complex ,  stag e wa s comprise d o f  a  se t  o f  repetitiv e step s 
whic h ha d t o b e repeate d i n eac h o f  fou r  places ,  bu t 
allowe d th e subject s som e flexibilit y i n determinin g th e 
specifi c  orde r  i n whic h the y wer e performed .  Finally ,  th e 
complet e tas k coul d b e performe d i n severa l  minutes ,  s o 
many trial s coul d b e ru n an d analyze d i n th e tim e availabl e 
fo r  thi s research .  I t  wa s fel t  tha t  man y repeate d trial s wer e 
desire d t o increas e th e likelihoo d tha t  pattern s i n 
performanc e woul d emerg e an d b e identifie d wit h som e 
assurety . 

Eve n i n thi s relativel y simple ,  short-ter m experiment ,  w e 
foun d evidenc e fo r  man y o f  th e feature s o f  skil l  acquisitio n 
and developmen t  identifie d b y previou s researchers .  Th e 
tim e i n whic h eac h tria l  wa s performe d decreased ,  roughl y 
followin g th e powe r  curv e la w o f  practice .  Th e tas k 
evolve d qualitativel y ove r  time .  Ther e wa s evidenc e o f 
chunkin g a s operation s wer e combine d int o identifiable , 
frequentl y repeate d patterns .  W e als o observe d a  clea r 
occurrenc e o f  insight ,  an d th e contex t  i n whic h i t  too k 
plac e an d th e effect s i t  ha d o n overal l  performanc e gav e 
credenc e t o establishe d theorie s o n th e rol e o f  insigh t  i n 
proble m solvin g an d skil l  development . 

Experiment 

Procedur e 

Subject s wer e presente d wit h a  se t  o f  te n model s showin g 
eac h stag e i n th e constructio n o f  a n origam i  box .  Th e 
model s wer e arraye d i n orde r  from  lef t  t o righ t  o n a  tabl e a t 
whic h th e subject s sat ;  eac h mode l  wa s als o numbere d t o 
indicat e th e orde r  i n whic h th e step s coul d b e performe d t o 
complet e th e origam i  box .  Thi s metho d o f  instructio n wa s 
chose n afte r  attempt s t o devis e a  se t  o f  clearl y 
understandable ,  writte n instruction s prove d quit e difficult . 
Also ,  experimentatio n wit h publishe d origam i  instruction s 
showe d the m t o b e confusin g an d har d t o follow .  I t  wa s 
als o hope d tha t  i t  woul d b e eas y t o monito r  th e us e o f  th e 
model s b y th e subjects ,  b y observin g whe n the y looke d u p 
at  th e model s o r  too k the m i n hand .  Th e subject s wer e 
give n a  stac k o f  8. 5 inc h squar e sheet s o f  use d copie r  pape r 
wit h printin g o f  som e sor t  o n on e side .  A n experimente r 
sat  nex t  t o th e subject s a t  al l  times ,  an d wa s availabl e t o 
answe r  question s an d provid e assistanc e a s requested . 

Th e subject s wer e aske d t o repeatedl y mak e origam i 
boxes ,  usin g th e model s i n fron t  o f  the m a s guides .  Th e 
subject s wer e tol d tha t  thei r  time s wer e bein g recorded ,  an d 
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wer e give n th e state d goa l  o f  completin g a  bo x i n unde r  7 5 

second s a s th e criterio n fo r  terminatin g th e experiment . 
The subject s wer e encourage d t o as k question s a s neede d i f 
the y encountere d difficultie s i n understandin g th e 
instructiona l  models .  The y wer e als o tol d t o fee l  fre e t o 
deviat e from  th e exac t  sequenc e o f  step s represente d b y th e 

model s i f  the y fel t  tha t  doin g s o woul d b e faste r  o r  easie r 
fo r  them ;  i t  wa s emphasize d tha t  th e tim e i n whic h the y 
complete d th e boxe s wa s importan t  an d no t  th e specifi c 
step s the y followe d t o mak e them . 

Th e entir e experimen t  wa s videotape d wit h th e 
permissio n an d knowledg e o f  th e subjects .  (Th e videotap e 
camer a wa s clearl y visibl e i n th e room ,  an d re d light s 
visibl e t o th e subjec t  indicate d whe n th e machin e wa s 
recording. ) 

Afte r  th e mai n trials ,  th e subject s wer e aske d t o describ e 
th e procedur e fo r  makin g a n origam i  bo x fro m memory , 
wit h neithe r  pape r  no r  th e instructiona l  model s i n fron t  o f 
them .  Th e subject s wer e the n give n a  shee t  o f  pape r  an d 
aske d t o mak e a n origam i  bo x whil e describin g alou d th e 
step s the y wer e taking . 

Subjects 

T wo subject s participate d i n th e experiment .  Bot h wer e 
femal e colleg e graduate s i n thei r  mid-twenties ,  an d bot h 
wer e left-handed .  Neithe r  subjec t  ha d extensiv e prio r 
experienc e wit h origami ,  an d neithe r  subjec t  kne w befor e 
th e experimen t  h o w t o construc t  a n origam i  box . 

The Task 

Th e proces s o f  makin g a  bo x wa s divide d int o nin e steps , 
groupe d int o th e stage s o f  preparation ,  i n whic h scorin g 
fold s ar e m a d e whic h facilitat e late r  structura l  folds , 

folding ,  i n whic h th e majo r  structura l  fold s o f  th e bo x ar e 
made,  an d inflation .  Th e usua l  wa y o f  turnin g th e fla t 
structur e produce d b y foldin g proces s int o a  three -
dimensiona l  bo x i s t o blo w sharpl y int o on e end .  Thes e 
step s ar e diagramme d i n Appendi x A .  Th e foldin g stag e 
(step s 5-8 )  involve d fou r  fold s tha t  mus t  b e mad e i n eac h o f 
fou r  place s o n th e pape r  shape .  Th e nin e step s use d t o 
make th e origam i  bo x are : 

preparation: 1. horizontal fold in half 
2.  diagona l  fol d 
3.  diagona l  fol d 
4.  "collapse "  t o a  triangula r  shap e 

folding :  5 .  fol d botto m corner s u p (i n fou r  places ) 
6.  fol d sid e corner s t o middl e (i n fou r 

places ) 
7.  fol d to p corner s dow n (i n fou r  places ) 
8.  fol d corner s int o "pockets "  forme d i n 

ste p 6  (i n eac h o f  fou r  places ) 
inflation :  9 .  inflat e int o bo x 

We devised a notational scheme to represent the sequence 
of  step s i n th e orde r  i n whic h the y occurred ,  a s i t  i s  i n th e 
change s t o thi s orde r  tha t  s o m e o f  th e m o r e interestin g 
result s appeared .  Diagram s o f  selecte d trial s usin g thi s 
notatio n a c c o m p a n y th e text .  Figur e 1 .  illustrate s thi s 
notation . 

Tria l  0 

; 

k J 

6 
1 « 

• 

*  1 
h 

^ 

\ 
\ 

\ 

V 1 
\  A 1 

\ 

^  ^ m 

s i d e B - ^ ^ m 

i 
1 Surtac o 1  ("top" ) 

Indicate s glanc e 
by subjec t  t o on e 
of  th e model s 

tol d si x don e t o 1 
sid e B  o l  Surfac e 2  | 

1 Surfac e 2  ("bonom" )  1 

1 

Fig .  1  T h e Notationa l  S c h e m e 
I n thi s example ,  th e subjec t  performe d step s 1  throug h 4 ,  the n ste p 
5 i n al l  fou r  places ,  the n ste p 6  i n al l  fou r  places ,  the n step s 7  an d 
8 togethe r  i n eac h o f  th e fou r  places ,  an d finall y ste p 9  t o 

complet e th e box .  Th e "eye "  symbo l  (^ )  indicate s tha t  th e 
subjec t  glance d a t  on e o f  th e model s a t  som e poin t  whil e 
performin g ste p 4 . 

Results 

Th e firs t  subjec t  wa s analyze d i n th e mos t  detail ,  an d i t  i s 
her  performanc e tha t  wil l  b e discusse d i n th e mos t  dept h 
here .  Subjec t  on e showe d a  clea r  increas e i n overal l  speed , 
roughl y followin g th e powe r  curv e o f  practice .  Speed s fo r 
individua l  stage s withi n th e trial s als o tende d t o increase , 
thoug h a t  differen t  rate s an d followin g differen t  0-end s tha n 
di d th e overal l  speedup .  Thes e result s ar e plotte d o n a  log -
lo g scal e i n figur e 2 . 

• ^ r ^ - N ^ ^ : : : 

lots i 
l a (MP S St ) 

Premrf(slirps  1-4) 

innate  I'X'P ^1 

10 
Tcii l 

Figur e 2 .  T ime s fo r  subjec t  on e o n a  Log-Lo g Scal e 

At  first,  th e subjec t  glance d frequentl y a t  th e models ,  bu t 
thes e glance s droppe d of f  rapidl y t o onl y thre e b y th e fifth 
trial ,  an d t o onl y on e i n trial s seven ,  eigh t  an d ten .  Afte r 
thi s the y wer e eliminate d completel y excep t  fo r  durin g tria l 
twenty-four ,  whic h wil l  b e discusse d furthe r  below .  Th e 
glance s wer e mostl y m a d e durin g th e first  si x  steps ;  i n fact , 
afte r  th e thir d tria l  th e subjec t  di d no t  glanc e a t  th e model s 
at  al l  durin g th e las t  thre e step s o f  makin g th e boxe s (step s 
7-9) .  M a n y o f  th e glance s wer e "look-ahead "  glances ,  i n 
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whic h th e subjec t  looke d u p a t  a  mode l  a s sh e w a s finishin g 
th e fol d sh e w a s mak ing ,  i n preparatio n fo r  beginnin g th e 
nex t  fol d (Figur e 3) . 

Tria l  1 1 Tria l  1 2 Tria l  1 3 Tria l  1 4 

Trial s 
•4 -

Trial 3 Tria l  4 
+ 

Trial s 
+ •* • 

^ % i _ J  ^ ^ I :  ^ ^ I '  ^ ^ T ^ 
EZ 

» 1 
Lu 

fa. 

Fig .  3  Glance s dur in g earl y trial s ( show n b y ® ' s ) . 

T h e subjec t  starte d t o m a k e error s i n onl y t w o o f  th e 
trials .  I n th e firs t  trial ,  w h e n th e subjec t  w a s firs t  learnin g 
th e task ,  an d late r  i n th e nint h trial ,  th e subjec t  starte d t o 
m a ke a  fol d o n a  corne r  ou t  o f  sequenc e (eg .  fol d 7  befor e 
fol d 6  ha d bee n m a d e ) ,  bu t  sh e almos t  immediatel y realize d 
her  mistak e an d m a d e th e prope r  fold . 

Ther e w a s clea r  evidenc e o f  qualitativ e change s i n th e 
tas k ove r  time .  T h e incidenc e o f  "chunking" ,  b y whic h w e 
m e an place s i n wh i c h operation s w e r e c o m b i n e d an d 
performe d i n group s rathe r  tha n singularl y fo r  eac h o f  th e 
comers ,  increased ,  a s ca n b e see n i n th e detaile d s u m m a r y 
of  trial s i n th e appendix .  A t  first ,  thes e chunk s consiste d o f 
tw o operation s bein g performe d o n a  give n corne r  befor e 
mov in g o n t o anothe r  comer .  I n th e sevent h trial ,  a  large r 
chun k emerged ,  wh ic h w a s use d fo r  bot h th e to p an d 
botto m surface s o f  th e constmctio n (Figur e 4 ) . 

Tria l  6 Tria l  7 

3 
4 fumb i 4 fumble s 

The 
"Chunk " 

5 
X ;«•:::¥:: • 

M 

" 5 " 
W ^ 

^ 

J 

Fig .  4  Th e " C h u n k "  whic h appeare d i n tria l  seven . 

Thi s chun k wa s the n use d consistentl y fo r  eac h an d 
ever y on e o f  th e subsequen t  trial s o n th e bottom ,  o r  second , 
surface .  I t  wa s not ,  however ,  followe d agai n fo r  th e to p 
surfac e unti l  tria l  thirteen ,  whic h wa s precede d b y a 
twenty-fiv e minut e brea k durin g whic h th e subjec t  walke d 
around ,  talke d wit h th e experimenter s abou t  topic s 
unrelate d t o th e experiment ,  an d dran k a  cu p o f 
decaffeinate d coffe e (Figur e 5) . 

rrsH S 

25 minut e brea k take n 
Fig .  5  Increase d us e o f  th e "chunk "  afte r  a  break . 

From trial thirteen on, this chunk was used most of the 
tim e fo r  th e to p surfac e u p t o tria l  twenty-four .  I n eac h o f 
th e thre e case s durin g thes e trial s i n whic h thi s chun k wa s 
not  use d fo r  th e to p surface ,  th e subjec t  ha d encountere d 
some difficultie s i n a n earlie r  step .  Thi s include d fumblin g 
durin g ste p fou r  (trial s 1 9 an d 24 )  an d a  come r  jammin g 
durin g ste p fiv e (tria l  17) . 

The fourt h step ,  whic h consiste d o f  collapsin g th e pape r 
t o a  triangula r  shape ,  cause d th e subjec t  difficultie s i n 
many o f  th e trials .  Thi s ste p wa s ofte n accompanie d b y 
noticeabl e fumbling .  Th e subjec t  notice d thi s proble m 
earl y  on ,  a s see n b y th e followin g exchang e whic h occurre d 
afte r  tria l  six : 

S:  Di d yo u guy s als o hav e troubl e wit h tha t  middl e 
foldin g part ,  i n ste p 4 ? 

E:  Uh.. .  Differen t  peopl e hav e troubl e wit h differen t 
parts . 

S:  That' s interesting.. . 

Ther e wa s som e evidenc e tha t  th e subjec t  understood  th e 
purpos e o f  th e firs t  thre e step s a s creatin g crease s t o m a k e 
thi s easie r  an d neater .  I n tria l  five,  th e subjec t  fumble d 
durin g ste p 4  an d the n wen t  bac k t o rescor e th e diagona l 
fold s sh e ha d mad e i n step s 2  an d 3 .  I n fact ,  th e subjec t 
had ,  fro m th e beginning ,  bee n makin g th e firs t  fol d i n th e 
wron g direction .  Instea d o f  helpin g th e pape r  neatl y fal l 
int o place ,  th e fol d wa s actuall y workin g agains t  th e 
subject ,  a t  bes t  no t  helpin g an d occasionall y hinderin g he r 
effort s t o collaps e th e pape r  int o th e triangula r  shap e sh e 
neede d t o proceed .  Thi s wa s somethin g th e subjec t  di d no t 
realiz e unti l  th e twenty-fourt h tria l  (Figur e 6) . 

Tria l  2 2 Tria l  2 4 Tria l  2 3 

^umSIe s 

fumble s severely , 
refold s fol d 1  i n 
th e othe r  (correct ) 
directio n whil e 
tryin g t o ge t  fol d 
4 t o wor k 

Fig .  6  Insigh t  afte r  fumbl in g i n tria l  twenty-four . 
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I n thi s trial ,  th e subjec t  fumble d severel y whil e 
performin g ste p 4  an d i n he r  attempt s t o guid e th e pape r 

int o place ,  opene d i t  u p an d forcefull y folde d th e pape r  i n 
hal f  d o w n th e center .  Th e subjec t  the n glance d u p a t  th e 
model s (fo r  th e firs t  tim e sinc e tria l  ten) ,  collapse d th e 
pape r  mor e easil y int o th e triangula r  shape ,  an d glance d u p 
at  th e model s agai n befor e proceedin g wit h step s 5  throug h 
9.  Afte r  completin g thi s trial ,  th e subjec t  ha d a n exchang e 
wit h th e experimente r  i n whic h sh e said : 

S: That cost me time, but I just realized something. 
Eithe r  I'v e bee n misunderstandin g h o w thi s fol d w a s 
suppose d t o b e made ,  o r  it' s  jus t  simpl y easie r  i f  yo u d o i t 
th e othe r  way .  I t  ma y eliminat e m y fumbling . 

The subject immediately incorporated the corrected step 1 
fol d directio n int o he r  procedure .  Interestingly ,  thi s ne w 
additio n seeme d t o pertur b th e chunkin g th e subjec t  ha d 
bee n using ,  causin g th e subjec t  t o deviat e fro m usin g th e 
chun k describe d above .  A s before ,  thi s deviatio n onl y 
affecte d th e firs t  surface ;  th e subjec t  continue d faithfull y t o 
us e th e chun k o n th e secon d surface .  Discoverin g th e 
prope r  directio n fo r  th e fol d i n ste p on e helpe d th e subjec t 
i n tw o ways .  Firstly ,  i t  reduce d th e tim e required ,  o n 
average ,  fo r  ste p 4 .  Secondly ,  i t  mad e th e time s fo r  ste p 4 
m u ch mor e consisten t  tha n the y ha d been .  Thi s i s a n effec t 
tha t  th e subjec t  hersel f  realized .  Afte r  tria l  twenty-seven , 
th e subjec t  commente d abou t  th e newl y discovere d fol d 
direction : 

S: I was continuing to do this .../demonstrates the 
wron g directio n fold/.. .  whic h mean t  thi s fold ,  thi s part , 
was inside-out ,  an d I  ha d t o pla y wit h it ,  sometime s i t 
worke d easil y an d sometime s I  fumble d quit e a  bit . 

After performing the trials, the subject was asked to 
describe ,  fro m memory ,  th e step s take n t o mak e a n origam i 
box ,  wit h neithe r  pape r  no r  an y o f  th e model s i n fron t  o f 
her .  Th e subjec t  expresse d th e feelin g tha t  thi s woul d b e 
difficult ,  an d tha t  sh e wa s no t  sur e i f  sh e coul d d o i t 
accurately .  Whil e describin g th e step s sh e took ,  th e subjec t 
use d he r  hand s extensively ,  followin g man y o f  th e motion s 
sh e woul d actuall y us e t o construc t  a n origam i  box . 

Discussion 

Th e result s fro m th e trial s wit h subjec t  on e showe d 
evidenc e fo r  man y o f  th e phenomen a discusse d i n th e vas t 
literatur e o n th e acquisitio n an d developmen t  o f  skills . 
Performanc e overal l  increased ,  roughl y followin g th e 
power  la w o f  practice ,  ye t  thi s overal l  increas e represente d 
th e cumulativ e impac t  o f  severa l  differen t  qualitativ e 
effects .  A s mentione d above ,  ther e wa s clea r  evidenc e fo r 
th e combinatio n o f  individua l  operation s int o large r 
procedura l  unit s o r  chunks .  Thi s chun k wa s firs t  use d 
consistentl y fo r  th e firs t  surfac e afte r  a  brea k ha d bee n 
taken ,  lendin g som e suppor t  t o th e ide a tha t  th e chun k wa s 
store d a s a  singl e unit ,  an d retrieve d a s a  uni t  b y th e subjec t 
afte r  sh e returne d fro m he r  break .  Th e hypothesi s tha t  thi s 
chun k represente d a  rathe r  automate d procedura l  uni t  i s 
strengthene d b y th e fac t  tha t  subsequen t  deviation s fro m 

us e o f  thi s chun k wer e traceabl e t o fumblin g o f  som e sor t 
i n a n earlie r  stage .  I t  appeare d a s i f  thes e instance s o f 
fumblin g cause d th e subjec t  t o thin k consciousl y agai n 
abou t  wha t  ha d becom e a  rathe r  automati c process .  Sh e 
therefor e neglecte d t o us e th e automati c chun k bu t  returne d 
t o th e mor e deliberat e operation s sh e ha d followe d earlie r 
i n th e task . 

I t  wa s afte r  th e chunk s ha d bee n use d repeatedl y o n bot h 
surface s tha t  th e subjec t  remarke d tha t  th e tas k wa s "jus t 
n o w becomin g mindless. "  Th e fac t  tha t  thi s remar k 
happene d t o b e mad e afte r  a  tria l  i n whic h sh e did ,  i n fact , 
deviat e fro m usin g th e chun k o n th e firs t  surfac e nee d no t 
minimiz e it s significance .  I t  i s  eve n possibl e tha t  th e 
fumblin g whic h occurre d i n tha t  trial ,  b y requirin g th e nee d 
fo r  consciou s intervention ,  le d t o th e realizatio n tha t  sh e 
had bee n performin g th e tas k automatically .  I t  i s  als o 
possibl e tha t  sh e fel t  tha t  sh e ha d bee n performin g th e tas k 
to o automatically ,  causin g he r  performanc e t o becom e 
mor e pron e t o mistake s an d fumbling .  Sh e seem s t o 
expres s th e belie f  tha t  th e tas k becomin g mor e automati c 
was a  facto r  i n it s becomin g sloppie r  whe n sh e late r  state s 
tha t  sh e wa s "startin g to ,  like ,  jus t  d o i t  now ,  withou t 
thinking "  bu t  tha t  "it' s  gettin g sloppie r  als o though. " 
Interestingly ,  th e fastes t  tim e wa s recorde d fo r  th e subjec t 
i n th e las t  trial ,  i n whic h sh e use d th e chun k fo r  bot h 
surface s an d whic h sh e performed ,  i n part ,  whil e talking , 
strengthenin g th e impressio n tha t  th e tas k ha d trul y becom e 
an automati c one . 

Th e instanc e o f  insigh t  observe d i n ste p twenty-four ,  i n 
whic h th e subjec t  discovere d tha t  sh e ha d bee n incorrectl y 
foldin g fold s 2  an d 3  i n th e sam e directio n a s th e firs t  fold , 
containe d man y o f  th e characteristic s identifie d earl y o n b y 
Ruger  (1910) ,  Woodwor t h (1939) ,  an d other s bot h i n it s 
cause s an d it s effect s o n subsequen t  performance .  Thi s 
insigh t  wa s le d t o b y th e subject' s manipulation s whil e 
tryin g t o overcom e sever e problem s i n completin g ste p 4 . 
I t  i s  significan t  tha t  th e subjec t  ha d encountere d simila r 
difficultie s wit h thi s ste p severa l  time s before ,  bu t  neve r 
severel y enoug h t o caus e th e additiona l  foldin g whic h le d 
t o th e subject' s insight .  Th e tim e require d fo r  th e 
"prepare "  stag e (step s 1-4 )  wa s therefor e highe r  i n tria l 
twenty-fou r  tha n i t  ha d bee n i n th e immediatel y precedin g 
trials .  Thi s insigh t  improve d performanc e i n subsequen t 
trial s i n tw o way s -  th e prepar e stag e wa s mad e no t  onl y 
faste r  bu t  als o mor e consistent . 

Severa l  insight s int o th e menta l  model s th e subjec t  wa s 
usin g t o complet e th e tas k ca n b e draw n fro m observation s 
of  he r  behavior ,  an d throug h protoco l  analyse s o f  th e thing s 
sh e sai d durin g an d afte r  th e task .  A s mentione d above ,  th e 
subjec t  showe d a n understandin g o f  th e relationship s 
betwee n th e tasks ,  realizing ,  fo r  example ,  tha t  th e fold s 
m a de i n th e firs t  step s woul d assis t  wit h collapsin g th e 
pape r  i n ste p 4 .  Th e subjec t  seeme d t o realiz e earl y o n tha t 
step s 5- 8 coul d b e combine d i n an y wa y sh e wanted ,  a s 
lon g a s the y wer e performe d i n th e correc t  sequenc e withi n 
eac h comer .  Th e subjec t  m o v e d he r  hand s throug h th e 
motion s o f  constructin g a n origam i  bo x whe n sh e 
attempte d t o describ e th e procedur e fro m m e m o r y , 
implyin g tha t  a  somewha t  kinestheti c procedur e wa s 
involve d i n th e subject' s interna l  representation . 
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Ther e wa s als o subsianlia l  evidenc e fo r  th e rol e externa l 
knowledg e playe d i n th e subject' s performanc e o f  th e task , 
i n man y o f  th e sam e way s tha t  wer e identifie d b y Norma n 
(1988 )  an d Zhan g (1990) .  Th e pape r  bein g folde d itsel f 
provide d a n indicatio n o f  wher e withi n th e procedur e th e 
subjec t  was .  I t  als o provide d certai n affordances ,  helpin g 
t o insur e tha t  th e prope r  sequenc e wa s followe d sinc e i t 
made som e step s impossibl e befor e other s ha d bee n 
performed .  I t  als o provide d constan t  feedback ,  i n tha t  a 
wron g fol d woul d lea d t o a n unusua l  shap e th e subjec t 
coul d recogniz e a s on e no t  normall y encountere d whe n th e 
procedur e wa s followe d correctly .  Thi s wa s see n i n th e 
way th e subjec t  quickl y recovere d afte r  startin g t o mak e a n 
erro r  i n trial s on e an d seve n whe n sh e realize d tha t  eithe r 
she coul d no t  ye t  mak e th e fol d sh e wa s intendin g t o make , 
or  tha t  i t  woul d no t  loo k righ t  i f  sh e did .  Th e subjec t 
allude d t o th e us e o f  thes e affordance s whe n recallin g th e 
procedur e fro m memory .  Sh e mention s foldin g "th e fou r 
piece s yo u can "  an d talk s abou t  fold s meetin g an d linin g u p 
wit h othe r  fold s tha t  ha d bee n mad e previously .  A  carefu l 
readin g o f  th e transcrip t  o f  thi s portio n o f  th e protoco l 
analysi s show s obviou s mistake s mad e b y th e subjec t  i n 
describin g th e shape s encountere d a t  stage s o f  th e 
procedur e tha t  cause d he r  n o difficultie s durin g th e actua l 
trials .  I t  seem s likely ,  therefore ,  tha t  th e subjec t  wa s 
makin g us e o f  informatio n beyon d tha t  containe d i n he r 
interna l  representation .  I t  appear s tha t  th e subjec t  hersel f 
acknowledge d th e importanc e o f  thi s externa l  information , 
i n tha t  sh e wa s no t  sur e i f  sh e coul d accuratel y describ e th e 
tas k totall y fro m memory ,  an d tha t  afte r  sh e attempte d t o 
do s o sh e asked ,  "Di d I  ge t  it?" . 

Summary 

The illustrativ e experimen t  discusse d i n thi s pape r 
demonstrate d man y o f  th e phenomen a previousl y describe d 
i n th e literatur e o n skil l  acquisition .  I t  showe d ho w 
operation s ca n b e rearrange d an d combine d int o large r 
chunks ,  an d ho w thes e chunk s ca n the n b e store d an d 
utilize d almos t  automatically .  I t  reveale d a  clea r  exampl e 
of  th e effec t  tha t  failur e ca n hav e i n promptin g moment s o f 

insigh t  tha t  lea d t o qualitativ e change s i n th e task s tha t  ar e 
performed .  I t  gav e evidenc e fo r  th e importanc e o f  externa l 
informatio n i n th e task s peopl e perform .  Mos t  importantly , 
th e experimen t  showe d ho w a n apparentl y straightforwar d 
improvemen t  i n performanc e ca n b e dissecte d throug h 
microgeneti c analysi s t o uncove r  th e myria d factor s an d 
effect s tha t  underli e it . 
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Appendi x A :  Step s t o M a k e a n Origam i  Box . 

Preparator y scorin g fold s 

Ste p l V Ste p 2^> /  Ste p 3 ^ > r ^ 

Step s 
fol d comer s u p 

Ste p 6 
sid e comer s i n toward s 

middl e 

Step ? 
to p comer s dow n 

collaps e dow n 
t o tnangl e 

Surfac e 

• ^ ^ m -••™-™ ™ 

Surfao e 2 

Ste p 
comer s folde d 
inlopocliel s 

SXeP„of  inflBle d b y 
blowin g 
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