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T h e Evolutio n o f  Knowledg e Representation s 

with Increasing Expertise in Using Systems 

Dana S. Kay 

Yale University 

John B. Black 

Teachers College, Columbia University 

The kinds of knowledge that people have about a computer system and the form in which that 

knowledg e i s  represente d an d store d i n memor y change s a s peopl e progres s fro m bein g beginner s t o 

bein g expert s a t  usin g th e system .  B y combinin g a  serie s o f  studie s tha t  w e hav e conducte d ove r  th e 

las t  fe w years ,  w e hav e conclude d tha t  th e knowledg e representation s tha t  peopl e hav e abou t  a  syste m 

progres s throug h fou r  phase s a s the y becom e increasingl y expert .  I n thi s paper ,  w e describ e thes e fou r 

phase s o f  knowledg e evolutio n durin g learnin g an d justif y eac h phas e usin g th e result s o f  ou r  studies . 

The novice/expert paradigm has recently been given a great deal of attention. Studies have 

examine d th e difference s betwee n novice s an d expert s i n domain s suc h a s algebr a (Lewis ,  1981) ,  physic s 

(Larkin ,  1981 )  an d compute r  programmin g (e.g. ,  Ehrlic h an d Soloway ,  1984 ;  McKeithen ,  Reitman , 

Ruete r  an d Hirtle ,  1981 ;  Adebon ,  1981) .  Althoug h thi s paradig m provide s insigh t  int o th e conceptua l 

and performanc e difference s o f  novice s an d experts ,  i t  doe s no t  addres s th e learnin g proces s tha t 

underlie s th e transitio n fro m novic e t o expert .  T o understan d wha t  make s a n exper t  expert ,  i t  i s 

necessar y t o examin e th e learnin g process .  On e metho d fo r  accomplishin g thi s goa l  i s t o investigat e th e 

organizatio n o f  th e domain-relevan t  informatio n a t  variou s stage s i n learning .  Th e assumptio n behin d 

thi s metho d i s  tha t  a s learnin g progresses ,  th e conten t  an d organizatio n o f  th e knowledg e change s t o 

accommodat e th e acquire d knowledge .  Becaus e o f  th e recen t  interes t  i n computer s an d ho w t o mak e 

the m easie r  fo r  peopl e t o learn ,  w e chos e t o stud y learnin g i n th e compute r  domai n b y examinin g th e 

developmen t  o f  knowledg e representation s appropriat e fo r  thi s domain . 

Other s hav e studie d th e difference s i n th e knowledg e representation s o f  exper t  an d novic e 

programmer s (e.g. ,  Ehrlic h an d Soloway ,  1984 ;  McKeithen ,  Reitman ,  Ruete r  an d Hirtle ,  1981 ;  Adelson , 

1981 )  an d th e knowledg e an d performanc e o f  exper t  user s o f  c o m m a n d language s (e.g. .  Card ,  Mora n an d 

Newell ,  1983) ,  bu t  ther e hav e bee n n o previou s studie s o f  ho w people' s knowledg e representation s 

chang e a s the y lear n t o us e c o m m a n d languag e systems .  Ou r  researc h ha s focuse d o n ho w peopl e lear n 

t o us e tex t  editor s and ,  i n particular ,  ho w thei r  knowledg e representation s chang e a s the y becom e 

increasingl y exper t  a t  usin g tex t  editors .  W e ar e intereste d i n understandin g th e orde r  i n whic h th e 

component s o f  th e knowledg e representation s ar e acquire d an d ho w thi s acquisitio n proces s i s reflecte d 

i n th e conceptualizatio n o f  th e text-editin g knowledge .  Th e mode l  tha t  w e wil l  presen t  i s  a n 

incrementa l  mode l  i n whic h th e use r  build s a  comple x knowledg e representatio n b y acquirin g differen t 

type s o f  knowledg e a t  differen t  phase s i n learning . 

In our discussion here we will draw upon three studies to make our points: the Sebrechts, Black, 

Galambos ,  Wagner ,  Dec k an d Wikle r  (1984 )  stud y o f  peopl e learnin g t o us e th e I B M Displaywrite r  an d 

th e U C S D p-syste m tex t  editor ;  th e Ka y an d Blac k (1984 )  stud y o f  th e difference s i n peopl e a t  tw o 

differen t  expertis e level s wit h a  loca l  Yal e tex t  editor ,  an d th e Robertso n an d Blac k (1983 )  stud y o f  th e 

timin g change s betwee n keystroke s a s peopl e learne d t o us e a  simpl e experimenta l  tex t  editor .  Take n 

togethe r  thes e studie s us e a  variet y o f  researc h method s t o provid e convergin g evidenc e fo r  ou r  learnin g 

phases .  SpeciHcally ,  th e Sebrechts ,  e t  al .  stud y examine d th e change s i n people' s perception s o f 

c o m m a nd similarit y tha t  resul t  fro m trainin g o n tw o commercia l  tex t  editors ,  Ka y an d Blac k examine d 

th e difference s i n perception s o f  similarit y i n differen t  peopl e w h o naturall y acquire d differen t  level s o f 

expertis e wit h a  tex t  editor ,  whil e Robertso n an d Blac k examine d inter-keystrok e tim e evidenc e fo r  ho w 

14 0 



peopl e conceptaaliz e a  simpl e artificia l  tex t  edito r  a s the j  becom e practice d i o usin g it . 

The Four Phases of Learning 

The results of these studies have led us to conclude that the knowledge representations of users evolve 

throug h fou r  phase s a s the y becom e exper t  wit h a  system .  I n particular ,  i n th e beginnin g use r 

knowledg e i s determine d b y preconception s base d o n th e terminolog y use d fo r  th e system ,  bu t  wit h a 

littl e experienc e thi s change s t o knowledg e o f  wha t  syste m command s ar e relevan t  t o accomplishin g 

variou s task s wit h th e system .  However ,  wit h eve n mor e experienc e th e for m o f  th e knowledg e change s 

agai n t o for m complet e plan s (i.e. ,  sequence s o f  commands )  fo r  accomplishin g goal s wit h th e syste m an d 

wit h increasin g expertis e th e plan s becom e mor e comple x an d th e use r  learn s whe n eac h o f  thes e plan s i s 

most  appropriatel y selecte d t o accomplis h th e goal .  I n th e following ,  w e explai n eac h o f  thes e phase s i n 

detai l  an d describ e th e evidenc e supportin g each . 

Phase One: Preconceptions 

Phas e On e represent s th e completel y naiv e use r  w h o ha s ha d n o experienc e usin g a  text-editor .  A t 

thi s stag e o f  learning ,  user s hav e preconception s abou t  th e terminolog y tha t  wil l  late r  refe r  t o editin g 

commands.  A s a  resul t  o f  prio r  experienc e wit h th e terminolog y t o b e use d i n text-editing ,  user s com e 

t o th e text-editin g domai n wit h a  knowledg e representatio n tha t  m a y o r  ma y no t  correspon d t o th e 

knowledg e representatio n tha t  wil l  develo p a s text-editin g experienc e increases .  Figur e 1  present s a n 

exampl e o f  th e typ e o f  knowledg e structure s tha t  exis t  befor e an y learnin g ha s take n place .  I n thi s 

structure ,  ther e ar e tw o action s (e.g .  C E N T E R an d B A L A N C E)  tha t  ar e relate d b y prio r  knowledg e 

(e.g .  thes e ar e action s tha t  mak e somethin g even) . 

FIGURE 1 :  Preconceptio n KnoMledg e Structure s 

PRIOR KNOWLEDGE 

\ 

ACTIONl  ACTI0N 2 

Evidence of this phase was found for the Displaywriter and the UCSD systems in the Sebrechts et al. 

study .  I d thi s study ,  naiv e subject s wer e give n a  si x hou r  trainin g sessio n i n whic h the y learne d t o us e 

eithe r  th e I B M Displaywrite r  o r  th e U C S D p-system .  Befor e an d afte r  training ,  th e subject s wer e aske d 

t o rat e th e similarit y o f  non-identica l  pair s o f  th e command s use d i n eac h system .  T o analyz e thes e 

ratings ,  Sebrecht s e t  al. ,  use d thre e multivariat e analysi s techniques .  Fro m th e result s o f  a  hierarchica l 

clusterin g o f  th e rating s befor e th e trainin g session ,  the y foun d tha t  initiall y  th e command s fo r  bot h 

system s clustere d base d upo n prio r  knowledg e definition s o f  th e commands .  Fo r  example ,  i n th e result s 

of  th e clusterin g fo r  th e Displaywrite r  commands ,  C O D E an d M E S S A GE an d C A N C EL an d D E L E T E 

wer e clustere d together .  C O D E an d M E S S A GE ar e relate d i n tha t  on e ca n us e a  cod e t o conve y a 

message .  C A N C EL an d D E L E T E ar e relate d i n tha t  the y bot h sugges t  th e eliminatio n o f  something . 

I n bot h cases ,  th e similarit y o f  th e comman d name s reflect s prio r  knowledg e association s betwee n th e 

actions .  Simila r  type s o f  cluster s wer e foun d i n th e U C S D syste m suc h a s F I N D an d G E T an d 

H E A D ER an d M A R G I N . 

Although there may be some correspondence between the prior knowledge representations of the 

commands an d th e text-editin g representations ,  i n mos t  situations ,  th e tw o representation s ar e quit e 

different .  Therefore ,  user s i n Phas e On e o f  th e learnin g proces s ar e confronte d wit h th e tas k o f 

overcomin g a  bia s towar d interpretin g th e command s i n term s o f  thei r  prio r  knowledg e associations .  T o 
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accomplis h thi s tas k an d achiev e an y leve l  o f  expertise ,  th e previousl y existin g knowledg e 

representation s mus t  b e reorganize d t o accommodat e th e acquisitio n o f  text-editin g knowledge . 

Phase Twot Initial Learning 

Initial text-editing knowledge can be acquired from a manual, a class, self-teaching or any 

combinatio n o f  these .  N o matte r  wha t  th e learnin g method ,  th e mai n goa l  tha t  th e use r  ha s i s t o 

overcom e th e prio r  knowledg e bia s tha t  exist s fo r  th e text-editin g commands .  W e believ e tha t  th e 

accomplishmen t  o f  thi s goa J entail s (1 )  learnin g th e goal s relevan t  t o text-editin g an d (2 )  learnin g th e 

commands tha t  ca n b e use d t o accomplis h thes e goals .  Th e firs t  par t  o f  th e learnin g proces s take s plac e 

as soo n a s th e use r  begin s t o edi t  an d i s expose d t o variou s editin g tasks .  Knowledg e o f  genera l  goal s 

allow s fo r  th e generatio n o f  high-leve l  goa l  structure s tha t  ca n b e use d t o organiz e th e editin g 

commands.  Fo r  example ,  i f  a  use r  type s th e wor d "irhee "  instea d o f  "the" ,  the n th e goa l  o r  tas k tha t  i s 

instantiate d i s t o eras e th e extr a "e" .  However ,  befor e thi s goa l  ca n b e accomplishe d th e use r  mus t 

lear n th e actua l  editin g command(s )  tha t  ar e used .  Tha t  is ,  th e use r  mus t  lear n th e function s o f  th e 

commands an d selectivel y choos e th e mos t  appropriat e command(s) .  T o continu e th e previou s example , 

a use r  migh t  lear n tha t  th e comman d B A C K S P A CE serve s t o ge t  ri d o f  unwante d tex t  an d decid e t o 

use B A C K S P A CE t o remov e th e unwante d letter .  A t  thi s time ,  th e use r  learn s tha t  on e o f  th e possibl e 

goal s t o b e foun d i n text-editin g i s t o remov e unwante d tex t  an d on e comman d tha t  accomplishe s thi s 

goal  i s  B A C K S P A C E.  A s a  resul t  o f  thi s learning ,  th e use r  develop s knowledg e structure s tha t  lin k 

specifi c  goal s an d commands .  Figur e 2 a present s th e knowledg e structure s tha t  exis t  a t  thi s phas e o f 

learning .  Her e th e goa l  i s  linke d t o th e action s b y O R link s becaus e on e ca n us e ACTION l  o r 

A C T I 0 N 2 o r  ACT ION S t o accomplis h th e goal .  Fo r  ou r  previou s example ,  th e G O AL migh t  b e GET -

RID-OF-TEX T an d ACTION l  migh t  refe r  t o B A C K S P A C E.  A s mor e command s tha t  ge t  ri d o f  text , 

suc h a s D E L E T E an d SPACE,  ar e learned ,  the y ar e adde d t o th e representatio n wit h O R link s becaus e 

th e use r  know s tha t  i f  yo u wan t  t o GET-RID-OF-TEXT ,  yo u ca n us e B A C K S P A CE o r  D E L E T E o r 

SPACE. 

FIGURE 28 :  Initia l  Learnin g Knowledg e Structur e 

GOAL 

or f  o r 

ACTIONl  ACTI0N 2 ACTIONS 

Kay an d Blac k (1984 )  use d a  methodolog y simila r  t o Sebrecht s e t  al ,  bu t  wit h a  cross-sectiona l 

design .  I n thi s study ,  the y examine d th e difference s i n th e knowledg e structure s o f  novice s aa d expert s 

who naturall y acquire d tex t  editin g knowledge .  The y aske d bot h type s o f  user s t o rat e th e similarit y o f 

pair s o f  command s use d i n a  loca l  Yal e edito r  an d analyze d thes e rating s usin g multivariat e techniques . 

I n th e result s o f  th e hierarchica l  clusterin g fo r  th e novic e users ,  command s wer e clustere d base d upo n 

similarit y o f  functio n i n th e editor .  Fo r  example ,  INSERT ,  P U T an d R E P L A CE clustere d togethe r 

becaus e al l  thre e command s ar e use d t o accomplis h th e goa l  o f  addin g informatio n t o a  text .  Thi s 

structur e i s represente d i n Figur e 2b .  Eac h o f  thes e action s coul d b e us e t o accomplis h th e goa l  o f 

addin g information .  Therefore ,  al l  th e command s ar e linke d t o th e goa l  b y O R links .  Tha t  is ,  i f  on e 

want s t o ad d information ,  INSER T o r  P U T o r  R E P L A CE ca n b e used .  Thes e result s wil l  late r  b e 

contraste d wit h th e exper t  result s i n ou r  discussio n o f  Phas e Thre e o f  th e learnin g process . 

I t  i s  importan t  t o not e tha t  althoug h thes e user s hav e acquire d som e text-editin g knowledge ,  th e 
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organizatio D o f  thi s knowledg e i s base d apo B onl y th e "resalt "  o f  th e commajid s an d no t  th e procedur e 

tha t  lead s t o thi s resalt .  Becaus e o f  thi s narro w focus ,  th e user s d o no t  posses s th e knowledg e necessar y 

t o develo p mor e comple x structure s suc h a s plaAs .  I n particular ,  whil e th e user s kno w tha t  P U T ca n b e 

use d t o A D D I N F O R M A T I O N,  the y d o no t  readil y kno w tha t  P U T i s merel y th e mai n actio n i n a 

multi-actio n pla n t o accomplis h thi s goal . 

FIGURE 2b :  KnoMledg *  Structur *  fo r  Addin g Tex t 

ADD INFORMAHON 

or 

INSERT PU T REPLACE 

In addition to providing evidence for Phase One, the results of the hierarchical clustering in Sebrechts 

et  al .  als o illustrat e th e transitio n fro m Phas e On e t o Phas e Two .  Afte r  si x hour s training ,  user s n o 

longe r  clustere d commsmds b y prio r  knowledg e associations .  Th e cluster s change d t o b e base d mor e o n 

th e functio n o f  th e system .  Fo r  example ,  D E L E T E whic h wa s initiall y  clustere d wit h C A N C E L,  wa s 

clustere d wit h B A C K S P A CE afte r  training .  I n th e Displaywrite r  system ,  eithe r  D E L E T E o r 

B A C K S P A CE ca n b e use d t o eras e a  piec e o f  text . 

Because novice users have not reflned their deflnitions of commands, several commands are often 

linke d t o a  singl e goa l  b y O R links .  A t  thi s leve l  o f  understanding ,  th e use r  wil l  emplo y an y on e o f  th e 

action s linke d t o th e goa l  t o accomplis h th e goal .  Fo r  example ,  i n th e knowledg e structur e presente d i n 

Figur e 2b ,  P U T ,  I N S E R T an d R E P L A C E ar e conceptualize d a s simila r  becaus e the y al l  accomplis h th e 

goal  o f  addin g informatio n t o th e text .  Wit h experience ,  th e use r  wil l  develo p mor e comple x 

representation s o f  thes e command s tha t  includ e knowledg e o f  th e processe s (o r  plans )  tha t  lea d t o th e 

result s o f  th e command s an d lear n tha t  althoug h thes e command s al l  ad d informatio n t o th e text ,  th e 

adde d informatio n come s fro m differen t  sources .  Evidenc e fo r  thi s chang e i n knowledg e organizatio n 

wil l  b e presente d i n Phas e Three .  Fo r  example ,  P U T use s informatio n fro m th e buffe r  an d need s P I C K 

or  D E L E T E t o pu t  th e informatio n int o th e buffer .  However ,  I N S E R T need s onl y th e informatio n tha t 

i s type d b y th e user . 

In addition to using hierarchical clustering to examine the knowledge representations of users, Kay 

and Blac k an d Sebrecht s e t  al .  als o use d multidimensiona l  scalin g t o stud y th e overal l  organizatio n o f 

th e commands .  Th e result s o f  thi s analysi s wer e th e sam e i n bot h studies .  Th e command s wer e 

organize d alon g (a )  a  dimensio n tha t  differentiate d syste m an d edito r  command s (b )  a  dimensio n tha t 

distinguishe d formattin g fro m non-formattin g command s an d (c )  a  dimensio n tha t  differentiate d 

commands t o begi n a  sequenc e fro m command s t o en d a  sequence .  Thes e dimension s sugges t  th e 

developmen t  o f  a  goa l  spac e fo r  th e commands .  Thi s goa l  spac e help s th e use r  i n accessin g th e correc t 

goa b durin g a n editin g session .  Fo r  example ,  i f  on e i s formattin g a  document ,  i t  i s  mor e appropriat e t o 

hav e th e goa l  o f  centerin g th e tex t  (an d accessin g th e C E N T E R command )  tha n i t  i s  t o hav e th e goa l  o f 

changin g a  misspelle d word .  Th e thir d dimensio n (begin/en d o f  sequence )  i s particularl y interestin g 

becaus e i t  suggest s tha t  althoug h user s d o no t  organiz e th e command s b y specifl c  sequence s (plans) , 

the y d o understan d tha t  command s ar e use d i n sequences . 

Card, Moran and Newell (1983) proposed the GOMS model to account for the text-editing behavior 

of  expert s performin g routin e tasks .  I n thi s model ,  th e exper t  knowledg e representatio n consiste d o f 

fou r  component s Goals ,  Operators ,  Method s an d Selectio n rules .  Usin g ou r  accoun t  o f  initia l  learning . 
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we propos e tha t  i t  i s  th e G o a b an d Operator s component s o f  th e G O MS mode l  tha t  ar e acquire d first . 

Tha t  is ,  novice s ar e abl e t o understan d th e genera l  goal s involve d i n text-editin g an d th e individua l 

commands tha t  ar e relate d t o thes e goals .  I t  i s  reasonabl e tha t  th e goal/actio n lin k woul d b e th e Firs t 

lin k t o b e formed .  Durin g th e initia l  learnin g o f  a  system ,  th e use r  i s introduce d t o numerou s c o m m a n d 

names an d definition s wit h littl e referenc e m a d e a s t o whe n eac h comman d shoul d b e used .  If ,  instea d 

of  formin g link s betwee n th e command s an d th e goal s tha t  the y accomplish ,  th e firs t  link s t o b e forme d 

wer e betwee n commands ,  the n th e use r  woul d neve r  kno w whe n t o us e eac h comman d an d therefore , 

woul d hav e t o resor t  t o a  trial-and-erro r  metho d o f  achievin g a  goal .  Thus ,  th e linkin g o f  th e comman d 

t o a  goa l  provide s th e use r  wit h som e ai d i n usin g th e correc t  comman d i n th e correc t  situation . 

Novices seem to conceptualize the commands merely by what goals they are relevant for 

accomplishing .  Becaus e o f  thi s leve l  o f  specificity ,  the y hav e no t  ye t  acquire d th e procedure s o r  plan s 

tha t  ar e associate d wit h text-editin g an d thus ,  eac h text-editin g tas k become s a  problem-solvin g tas k i n 

whic h the y mus t  activel y searc h throug h thei r  representation s o f  th e command s an d fin d th e se t  o f 

commands necessar y t o accomplis h th e task . 

Phase Three; Plan Development 

Once the users have acquired the basic editing commands and goals, they learn that there are 

combination s o f  command s tha t  ar e ofte n use d togethe r  t o accomplis h a  goal .  I n Phas e Three ,  user s 

develo p th e abilit y  t o for m plan s b y combinin g th e action s tha t  wer e organize d separatel y i n Phas e 

T w o.  Thes e plan s correspon d t o th e Method s o f  th e G O MS model .  Ther e ar e variou s way s tha t  th e 

transitio n fro m Phas e T w o t o Phas e Thre e take s place .  Fo r  example ,  wit h th e syste m tha t  Ka y an d 

Blac k studied ,  user s realiz e th e ineflicienc y i n repeatin g a  comman d numerou s times .  T o overcom e thi s 

inefficienc y the y lear n t o us e th e A R G U M E NT comman d tha t  automaticall y repeat s anothe r  c o m m a n d 

fo r  th e numbe r  o f  time s specifie d a s th e argument .  Onc e the y hav e thi s knowledge ,  user s begi n t o 

notic e tha t  ther e ar e othe r  command s tha t  ca n b e use d togethe r  i n a  sequence .  Thi s realizatio n lead s t o 

a reorganizatio n o f  th e knowledg e representatio n t o accommodat e th e comman d sequence s o r  plan s tha t 

ar e use d t o accomplis h goals . 

This reorganization process entails the modification of the goal/action links that were formed in 

Phas e T w o .  I n thi s thir d phase ,  tw o type s o f  link s ar e formed .  A t  on e level ,  link s ar e forme d betwee n 

th e command s o r  action s tha t  ar e use d i n a  plan .  A t  a  highe r  level ,  link s ar e forme d betwee n th e goal s 

and th e plan s tha t  ar e use d t o achiev e th e goal .  I t  i s  als o possibl e t o represen t  thi s knowledg e a s 

production s an d explai n th e transitio n fro m Phas e T w o t o Phas e Thre e usin g th e compositio n proces s 

propose d b y Anderso n (1983) .  However ,  sinc e w e ar e primaril y intereste d i n specifyin g th e knowledg e 

tha t  i s acquire d a t  eac h phas e o f  learning ,  w e chos e t o us e a  networ k representatio n i n whic h w e trac e 

th e developmen t  o f  th e link s i n th e networ k becaus e w e thin k th e network s ar e mor e perspicuou s tha n 

productions . 

Figure 3a presents the type of knowledge structures that exist at Phase Three of the learning process. 

I n thes e structures ,  jus t  a s i n th e Phas e T w o structures ,  th e goal s wil l  guid e th e us e o f  th e commands . 

However ,  thi s guidanc e i s provide d b y th e instantiatio n o f  a  pla n tha t  consist s o f  actions ,  rathe r  tha n 

invokin g eac h actio n individually . 

14 4 



FIGURE 3a :  Beginnin g Expertis e Knowledg e Structur e 

GOAL 

PLANl : 

A a i  — > A a 2 

Again ,  bot h Ka y an d Blac k an d Sebrecht s e t  al .  provid e evidenc e fo r  th e developmen t  o f  Phas e Thre e 

knowledg e structure s usin g th e result s o f  a  hierarchica l  clusterin g analysis .  A s previousl y mentioned , 

th e novic e user s organize d command s a s individua l  action s relate d t o goals .  O n th e othe r  hand ,  exper t 

user s appeare d t o us e a  mor e sequence-oriente d organization .  Tha t  is ,  th e perceive d similarit y betwee n 

th e comman d pair s wa s base d upo n th e us e o f  th e command s i n a  pla n t o accomplis h a  give n goal .  Fo r 

example ,  i n th e Ka y an d Blac k study ,  exper t  user s clustere d P I C K an d P U T togethe r  becaus e thes e tw o 

conmiand s ar e use d togethe r  whe n a  use r  wan t  t o accomplis h th e goa l  o f  movin g a  piec e o f  text .  Thi s 

example ,  whe n contraste d wit h th e Phas e T w o knowledg e representatio n exampl e i n whic h novic e user s 

clustere d P U T wit h I N S E R T an d R E P L A C E becaus e eac h o f  individua l  command s ar e use d t o 

accomplis h th e goa l  o f  addin g information ,  illustrate s th e chamg e i n th e representatio n o f  th e command s 

fro m goal/actio n link s t o goal/pla n links .  Figur e 3 b present s a  graphi c representatio n fo r  th e knowledg e 

structur e tha t  underlie s thi s result . 

FIGURE 3b :  Mov e Tex t  Knowledg e Structur e 

MOVE TEX T 

P an d P  pla n 

PICK — > PU T 

I n Phas e T w o w e foun d tha t  i n additio n t o havin g specifi c goal/actio n knowledg e structures ,  user s 

als o organize d th e command s i n a  goa l  space .  Give n th e knowledg e structur e change s tha t  occu r  fro m 

Phas e T w o t o Phas e Three ,  i t  i s  interestin g t o loo k a t  whethe r  o r  no t  thes e change s influenc e th e goa l 

spac e o f  th e users .  Th e multidimensiona l  scalin g result s fo r  th e experience d user s i n Ka y an d Blac k 

sugges t  tha t  ther e i s onl y on e primar y chang e i n th e goa l  space .  Recal l  tha t  i n th e initia l  learnin g 

phase ,  th e dimension s o f  th e goa l  spac e ar e editor/system ,  formatting/non-formattin g an d begin/en d 

sequence .  O f  thes e thre e dimension s th e forme r  tw o wer e als o presen t  i n th e multidimensiona l  scalin g 
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fo r  th e experience d users .  However ,  th e begin/en d sequenc e dimensio n i s n o longe r  used .  Thi s resul t 

suggest s tha t  experience d user s continu e t o organiz e th e command s i n a  goa l  space ,  bu t  no w the y realiz e 

tha t  interaction s wit h th e syste m don' t  occu r  i n a s rigi d a n orde r  a s the y originall y though t  s o th e 

begin/en d dimensio n disappears .  The y stil l  hav e sequenc e knowledge ,  bu t  i t  i s  a t  th e mor e loca l  pla n 

level ,  instea d o f  th e globa l  begin/en d sequenc e level . 

Because users begin to develop plan representations for their editing knowledge, we believe that it is 

durin g thi s phas e i n learnin g tha t  user s begi n t o mol d th e syste m t o sui t  thei r  ow n editin g styl e b y 

implementin g thes e plan s a s macros .  Thi s moldin g make s thei r  performanc e mor e efficien t  becaus e 

usin g plan-macros ,  the y ca n accomplis h a  goa l  wit h on e c o m m a n d rathe r  tha n several .  W e ar e currentl y 

testin g thi s hypothesi s b y exariiinin g th e numbe r  an d conten t  o f  macro s create d b y user s a t  variou s 

level s o f  expertise . 

Phase Fourt Increasing Expertise 

Although the formation of simple plans results in some expertise in text editing it is not until 

compoun d plan s ar e forme d tha t  on e ca n accomplis h mor e advance d tasks .  Phas e Fou r  o f  ou r  mode l 

account s fo r  thi s abilit y an d represent s th e completio n o f  th e acqubitio n tha t  result s i n knowledg e 

representation s simila r  t o thos e propose d i n th e G O MS mode l  o f  exper t  performance .  I n thi s phase , 

user s (a )  combin e simpl e plan s int o mor e compoun d plan s t o accomplis h majo r  goal s an d (b )  develo p 

rule s fo r  selectin g th e bes t  pla n t o achiev e a  give n goa l  i n a  give n situation .  Onc e again ,  w e observ e a 

reorganizatio n o f  th e knowledg e tha t  result s i n th e developmen t  o f  ne w link s betwee n th e component s o f 

th e representation .  I n thi s phase ,  w e se e a  chang e fro m a  one-to-on e correspondenc e betwee n goa l  an d 

pla n t o a  one-to-severa l  correspondence :  tha t  is ,  i n Phas e Thre e eac h pla n o r  sequenc e o f  action s i s 

directl y linke d t o a  specifi c  goa l  (e.g .  mov e text )  whil e i n Phas e Four ,  ther e ar e multipl e plan s tha t  ca n 

be linke d t o eac h goal .  However ,  becaus e ther e ar e multipl e plans ,  th e link s tha t  connec t  thes e plan s 

must  hav e selectio n rule s tha t  tel l  th e use r  unde r  wha t  condition s t o acces s th e pla n t o accomplis h th e 

goal . 

Figure 4a shows the type of knowledge structures possessed by users in Phase Four. In this type of 

structure ,  ther e ar e severa l  plan s (sequence s o f  actions )  tha t  m a y b e instantiate d t o achiev e a  give n goal . 

T o b e sur e tha t  th e correc t  pla n i s chose n fro m th e se t  o f  applicabl e plans ,  th e link s tha t  connec t  thes e 

plan s t o th e goa l  ar e condition s o r  selectio n rule s tha t  mus t  b e me t  befor e a  give n pla n i s chosen .  Thes e 

condition s ca n b e base d upo n an y distinguishin g featur e o f  th e plans .  Thus ,  a t  th e highes t  leve l  o f 

expertise ,  goal s ar e linke d t o plan s usin g th e condition s unde r  whic h thes e plan s ar e invoked ,  whereas , 

goal s wer e linke d t o simpl e plan s i n Phas e Thre e an d action s i n Phas e T w o . 

FIGURE 4s :  Exper t  Knowledg e Structure s 

GOAL 

cond l cond S 

7 I  \ ' 
/  cond 2 \ 

PLANl  PLAN2 PLAN3 

/ \ 
Aai  ~ > Aa 2 ACTl  ~ > ACT3 

Aai 

Robertso n an d Blac k presen t  evidenc e fo r  th e evolutio n o f  compoun d plans .  Wit h increase d 

experience ,  th e tim e spen t  pausin g betwee n simpl e plan s decrease d suggestin g tha t  user s ha d combine d 
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th e simpl e plan s tha t  the y ha d learne d t o for m conponn d plana .  I n addition ,  th e decisio n tim e t o 

initiat e a  compoun d pla n darin g whic h subject s choos e wha t  the y thin k i s th e moe t  appropriat e pla n 

decrease d a s th e editin g sessio n progresse d snggestin g th e acquisitio n o f  selectio n rale s tha t  facilitat e 

accessin g th e mos t  appropriat e plan .  Figur e ̂ b present s a  concret e exampl e o f  a  Phas e Foa r  knowledg e 

structure .  I n th e edito r  Robertso n an d Blac k used ,  t o chang e on e wor d t o anothe r  word ,  ther e ar e thre e 

possibl e plan s (sequence s o f  actions )  tha t  m a y b e inroked .  Th e link s connectin g thes e thre e plan s t o th e 

goal  ar e condition s tha t  mus t  b e me t  befor e th e pla n i s selected .  I n th e structur e depicted ,  th e 

conditicHi s ar e base d upo n th e relationshi p i n lengt h betwee n th e ol d wor d an d th e ne w word . 

FIGURE 4b :  Knowledg e Structure s fo r  Changin g a  Wor d 

CHANGE word l  T O Mord 2 

word l < w o r d ^ 

word l  =  word 2 

PLANl : 

TYPE OVER AND 

ERASE 

PLAN2: 

TYPE OVER 

/ 

\  word l  > 

PLAN3: 

TYPE OVER 

AND INSER T 

\ 

word 2 

OVERTYPE word 2 OVERTYPE ¥ord 2 OVERTYPE par t  o f 

~> DELETE extra ¥ord2 --> INSERT 

letter s extr a letter s 

I n additio n t o providin g evidenc e fo r  th e compoun d plan s o f  Phas e Four ,  Robertso n an d Blac k als o 

foun d evidenc e fo r  th e developmen t  o f  selectio n rules .  I n th e beginnin g o f  th e trainin g trials ,  whe n user s 

had t o chang e on e wor d t o anothe r  word ,  th e majorit y o f  th e user s (approximatel y tw o thirds )  woul d 

D E L E TE th e ol d wor d the n I N S E R T th e ne w word .  However ,  a s experienc e increased ,  thes e sam e user s 

stoppe d usin g th e D E L E T E - I N S E R T pla n an d bega n t o O V E R T Y PE th e ol d wor d wit h th e ne w word . 

I n thi s example ,  user s appeare d t o develo p a  selectio n rul e tha t  ca n b e state d a s "I f  yo u wan t  t o chang e 

one wor d t o another ,  us e th e O V E R T Y PE plan. "  Thi s typ e o f  selectio n rul e organize s th e plan s 

accordin g t o th e priorit y tha t  the y hav e i n efficientl y accomplishin g th e goal . 

The Learning Process 

Our four learning phases describe the evolution in user behavior from problem-solving to plan 

instantiation .  Tha t  is ,  initiall y  user s mus t  interpre t  eac h au:tio n i n th e editin g tas k an d monito r  th e 

succes s o r  failur e o f  th e actio n i n term s o f  th e fma l  goa l  state .  However ,  onc e th e use r  i s familia r  wit h 

text-editin g tasks ,  th e command s ar e combine d int o plan s tha t  ar e applie d whe n appropriate .  I t  i s  th e 

latte r  proces s tha t  account s fo r  th e plan-boundr y pause s foun d i n th e Robertso n an d Blac k study , 

becaus e decidin g whic h pla n t o us e take s k>nge r  tha n th e transitio n fro m on e pla n actio n t o anothe r 

pla n actio n whe n applyin g th e plan . 

Throughout this discussion of our four phase model, we have made references to the GOMS model 

and th e orde r  i n whic h th e component s o f  thi s mode l  ar e acquired .  Althoug h w e ar e no t  abl e t o 

distinguis h whethe r  th e Goal s ar e acquire d before ,  after ,  o r  simultaneousl y wit h th e Operators ,  w e ar e 

abl e t o conclud e tha t  th e Goal s an d Operator s ar e acquire d befor e th e plan s tha t  ar e acquire d befor e th e 

Selectio n rules .  I n addition ,  w e note d tha t  a s th e use r  become s mor e experienced ,  th e component s buil d 
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upo n on e anothe r  s o tha t  th e chunk s o f  knowledg e represente d usin g thes e component s increas e i n size . 

Thus ,  w e wer e abl e t o trac e th e evolutio n o f  text-editin g knowledg e structure s an d extrac t  a n 

acquisitio n proces s tha t  i n th e en d result s i n knowledg e representation s simila r  t o thos e foun d i n th e 

G O MS model . 

Why do these learning phases occur: that is, what is the learning process that causes the user of a 

syste m t o progres s throug h thes e phase s <t f  learning ? T h e initial ,  preconceptio n phas e i s clearl y 

necessary ,  becaus e ne w user s hav e onl y thei r  prio r  knowledg e t o hel p the m understan d an d us e a  syste m 

i n th e beginning .  Th e fmal ,  increasing-expertis e phas e i s als o clearl y necessary ,  becaus e compoun d plan s 

fo r  accomplishin g majo r  goal s an d th e selectio n rule s fo r  choosin g plan s a t  th e mos t  appropriat e time s 

ar e bot h necessar y fo r  skille d performanc e (Card ,  Mora n an d Newell ,  1083) .  But ,  wh y ar e th e tw o 

intermediat e phase s necessary ? 

Users cannot progress directly from phase one to phase four representations, because transforming 

phas e on e representation s t o phas e fou r  representation s require s bringin g mor e informatio n togethe r  a t 

one tim e tha n humau i  workin g memor y i s capabl e o f  holdin g simultaneously .  Thus ,  th e tw o 

intermediat e knowledg e representation s aUo w th e use r  t o progres s fro m phas e on e t o phas e fou r  i n bite -

siz e chunk s tha t  correspon d t o th e limit s o f  h u m a n workin g memory .  Fo r  example ,  t o progres s fro m 

phas e on e t o phas e two ,  th e user s nee d onl y lear n th e link s betwee n th e command s an d th e goal s tha t 

ca n b e accomplished ,  the y d o no t  nee d t o simultaneousl y lear n th e sequencin g Unk s betwee n th e 

conmiand s tha t  ar e neede d t o combin e th e command s bt o plans .  The n onc e th e phas e tw o command -

goal  link s ar e mastered ,  th e user s ca n progres s t o phas e thre e b y learnin g th e sequencin g Ibk s tha t 

combin e th e relevan t  command s int o simpl e plan s fo r  accomplishin g elementar y goab .  Finally ,  onc e th e 

simpl e plan s ar e wel l  learned ,  th e use r  ca n progres s t o phas e fou r  b y combinin g thes e simple-pla n 

chunk s int o mor e compoun d plan s an d learnin g th e condition s tha t  determin e whe n th e variou s plan s 

ar e mos t  appropriatel y selecte d fo r  accomplishin g th e goals . 

However, while an intermediate step between phases one and four is necessary, phases two and three 

m ay no t  bot h b e necessary .  Th e simpl e plan s o f  phas e thre e ar e clearl y a  necessar y preconditio n fo r  th e 

compoun d plan s an d selectio n rule s o f  phas e four ,  bu t  phas e tw o migh t  b e a n artifac t  o f  th e wa y tha t 

system s ar e currentl y taugh t  t o ne w users .  I n particular ,  curren t  instructio n manual s emphasiz e 

description s o f  individua l  command s a t  th e expens e o f  describin g ho w thes e command s ar e combine d 

int o plans .  W e ar e currentl y investigatin g whethe r  plan-base d instructio n manual s wil l  allo w ne w user s 

t o ski p phas e tw o an d progres s directl y t o phas e three ,  thu s significantl y speedin g u p th e proces s o f 

learnin g ne w systems . 

We ar e als o pursuin g th e model' s generalit y an d testin g it s predictions .  I n particular ,  w e ar e testin g 

th e th e generalizatio n o f  ou r  mode l  t o othe r  domains .  Th e mos t  immediat e extensio n fro m th e text -

editin g domai n i s t o compute r  programming .  W e hav e begu n som e preliminar y wor k applyin g ou r 

model  t o thi s domai n an d pla n t o carr y ou t  a  ful l  scal e longitudina l  stud y i n th e nea r  future .  However , 

i n th e mor e distan t  future ,  w e pla n t o tr y extendin g th e mode l  t o non-compute r  domain s (e.g .  learnin g 

physics ,  algebr a an d th e operatio n o f  devices) . 

To test the model's predictions, we are using it to guide training in text-editing. Since our model was 

extrapolate d fro m ou r  observation s o f  th e natura l  evolutio n o f  knowledg e representation s fo r  text -

editin g information ,  w e believ e tha t  usin g thi s mode l  t o trai n user s migh t  facilitat e th e learnin g process . 

We ar e currentl y designin g a  stud y t o tes t  thi s hypothesi s b y comparin g th e performanc e o f  user s whos e 

learnin g wa s guide d b y th e phase s i n ou r  mode l  t o th e performanc e o f  user s whos e learnin g wa s guide d 

by commercia l  trainin g materia k i n whic h th e emphasi s i s o n th e kind s o f  command s tha t  ca n b e use d 

i n th e system . 

Acknowledgement :  Thi s researc h i s supporte d b y grant s fro m I B M ,  bu t  represent s th e view s o f  th e 

author s an d no t  necessaril y  th e view s o f  I B M . 

14 8 



R E F E R E N C ES 

Adelson, B. (1981) Problem solving and the development of abstract categories in programming languages. 

Memory an d Cognition ,  9 ,  422-433 . 

Anderson, J.R. (1983). The architecture of cognition: Cambridge, MA: Harvard University Press. 

Card, S.K., Moran, T.P., and Newell, A. (1983). The psychology of human-computer interaction. Hillsdale, 

New Jersey :  Lawrenc e Eribau m Assoc . 

Ehrlich, K. and Soloway, E. (1984). An empirical investigation of the tacit plan knowledge in programming, in 

Thomas,  J .  an d Schneider ,  M .  (Eds. )  H u m a n Factor s i n Compute r  Systems ,  Norwood ,  Ne w Jersey : 

Able x Publishin g Corp . 

Kay, D.S. and Black, J.B. (1984). The changes in knowledge representations of computer systems with 

experience .  Proceeding s o f  th e H u m a n Factor s Societ y SSt h Annua l  Meetin g 1984 -  Sa n Antonio ,  TX . 

Larkin ,  J.H .  (1981) .  Enrichin g forma l  knowledge :  A  mode l  fo r  learnin g t o solv e textboo k physic s problems .  I n 

J.R .  Anderso n (Ed. )  Cognitiv e Skill s  an d thei r  Acquisition ,  Hillsdale ,  NJ :  Eribaum . 

Lewis ,  C .  (1981) .  Skil l  i n algebra .  I n J.R .  Anderso n (Ed. )  Cognitiv e Skill s  an d thei r  Acquisition ,  Hillsdale , 

NJ:  Eribaum . 

McKeithen, KB., Reitman, J.S., Rueter, H.H., Hirtle, S.C. (1981). Knowledge organization and skill 

difference s i n compute r  programmers .  Cognitiv e Psychology ,  13 ,  307-325 . 

Robertson ,  S.P .  an d Black ,  J.B .  (1983) .  Plannin g i n tex t  editin g behavior .  Proceedin g o f  th e Chi'S S 

Conferenc e o n H u m a n Factor s i n Computin g Systems .  Boston ,  MA . 

Sebrechts ,  M.M. ,  Blac k J.B. ,  Galambos .  JA. ,  Wagner ,  R.K. ,  Deck ,  J.A. ,  an d Wikler ,  E.A .  (1983) .  Th e effect s 

of  diagram s o n learnin g t o us e a  system .  (Repor t  No .  2) .  Learnin g an d Usin g Systems ,  Yal e 

University ,  Ne w Haven ,  CT . 

14 9 


	cogsci_1985_140-149



