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A Perspectiv e f r o m Sof twar e U s e a n d Learn in g 

Catherin e A .  Ashwort h 
Institut e o f  Cognitiv e Scienc e 

Campus Bo x 34 5 
Universit y o f  Colorad o 

Boulder .  C O 80309-034 5 
ashworth@clipr.colorado.ed u 

A b s t r a c t 

Thi s pape r  goe s beyon d th e routin e vs .  adaptiv e 
expertis e disiinciio n see n mos t  recentl y i n Holyoa k 
(1991 )  b y offerin g a  framework  whic h locate s skil l  i n 
th e fi t  betwee n performe r  resource s an d tas k demands . 
Empirica l  suppor t  fo r  thi s framewor k i s derive d fro m 
a revie w o f  th e literatur e abou t  "rea l  world "  softwar e 
learnin g an d usage .  ̂ 

I n t r o d u c t i o n 

When we speak of skill or expertise in some endeavor 
or  domai n w e ar e typicall y referrin g t o bot h dept h an d 
breadt h o f  knowledg e an d performance .  I n addition , 
we usuall y expec t  a n exper t  t o perfor m mor e quickly , 
accurately ,  an d wit h les s effor t  tha n a  novice .  Despit e 
thi s consensus ,  som e researcher s hav e asserte d th e 
existenc e o f  mor e tha n on e typ e o f  expertise .  Th e 
goa l  o f  thi s pape r  i s  t o sketc h a  framewor k tha t 
embrace s bot h routin e an d adaptiv e expertise ,  explain s 
ho w eac h i s acquired ,  an d sketche s th e knowledg e bas e 
require d fo r  each . 

R o u t i n e a n d A d a p t i v e Expe r t i s e 

A recent treatment of this position (Holyoak, 1991) 
present s a  lis t  o f  establishe d propertie s o f  expertis e 
wit h challengin g finding s fo r  each .  Holyoa k 
conclude d tha t  ther e ar e tw o type s o f  expertise , 
"routine "  an d "adaptive. "  Th e canonica l  vie w o f 
expertise ,  wel l  modele d b y productio n syste m 
architecture s suc h a s A C T *  (Anderson ,  1987 )  an d 

Thi s wor k wa s conducte d whil e th e authcf f  wa s bein g 
supporte d b y gran t  M D A 903-89-K-002 5 fro m th e 
A r my Researc h Institut e 

1A much more thorough u-eatment of these and other 
relate d topic s ca n b e foun d i n th e author' s 
predissertatio n paper .  Pleas e contact . 

Soar  (Newell ,  1990) ,  i s terme d "routine. "  I n contrast , 
th e contrar y finding s ar e collecte d unde r  th e rubri c 
"adaptive. "  I n brief ,  routin e expertis e i s rapi d an d 
accurat e o n highl y stereotype d task s bu t  it s 
inflexibilit y  an d spars e meanin g preclude s transfe r  t o 
nove l  task s o r  creativity .  Adaptiv e expertis e ca n als o 
be swift ,  bu t  i s characterize d primaril y b y knowledg e 
breadt h an d th e inventio n o f  ne w procedures . 

Holyoak' s lis t  contain s si x  importan t  an d 
contentiou s feature s o f  skill :  1 )  constan t 
improvemen t  wit h practice ,  2 )  automaticit y o f 
responses ,  3 )  domai n specificity ,  4 )  eas e o f  tas k 
solution ,  S )  superio r  domai n memory ,  an d 6 )  forwar d 
search .  Exception s t o thes e generalization s abou t 
expertis e include :  1 )  improvemen t  plateau x (Ericsso n 
& Krampe ,  1991) ,  2 )  successfu l  remappin g o f 
condition s an d action s (Single y &  Anderson ,  1989 ; 
Allar d &  Starkes ,  1991) ,  3 )  transfe r  (Single y & 
Anderson ,  1989 ;  D o m e r  &  Scholkopf ,  1991) .  4 ) 
mor e effortfu l  o r  elaborat e solutio n (Scardamali a & 
Bereiter ,  1991 ;  Jeffries ,  Turner .  Poison ,  &  Atwood , 
1981) ,  5 )  poore r  m e m o r y fo r  som e informatio n 
(Adelson ,  1984 ;  Paie l  &  Grocn ,  1991) ,  an d 6 ) 
flexibl e o r  breadth-firs t  searc h (Jeffries .  Turner , 
Poison .  &  Atwood ,  1981 ;  Dorne r  &  Scholkopf , 
1991) .  A  revie w o f  th e literatur e involve d i n di e 
disagreemen t  o n thes e si x  issue s support s th e 
followin g characterizatio n o f  tw o familie s o f  task s ~ 
routin e an d adaptiv e ~  whic h diffe r  i n duration , 
variety ,  an d knowledg e requirements . 

Routin e task s ar e fairl y wel l  constrained .  Th e 
givens-solutio n organizatio n o f  thes e task s render s 
the m fairl y brie f  i n duration ,  residin g i n Newell' s 
(1990 )  cognitiv e timeband .  Thi s i s du e t o a  lac k o f 
extende d reasonin g suc h a s constrain t  elaboration , 
coherenc e checkin g amon g subplans ,  e t  cetera. ^  I n 
addition ,  ther e i s ver y littl e tas k variety .  Conside r  a 

^Fro m anothe r  perspective ,  task s whic h requir e 
strategy ,  interna l  coherenc e checks ,  o r  elaboratio n o f 
constraint s canno t  b e represente d i n a  straightforwar d 
set  o f  <condition > <action > links ,  whic h ca n b e 
nq)idl y executed . 
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typica l  tas k suc h a s solvin g algebr a problems .  A 
certai n typ e o f  proble m (perhap s a  dilutio n problem ) 
i s alway s properl y solve d wit h a  certai n method . 
Becaus e thi s abilit y  i s  roote d i n recognitio n o f 
proble m type s (beneat h varyin g surfac e features )  an d 
th e applicatio n o f  specifie d solutions ,  improvemen t 
means increasin g spee d an d accurac y i n th e 
applicatio n o f  thes e schemas .  Tha t  is ,  schem a 
constructio n durin g practic e essentiall y  eliminate s 
searc h durin g proble m solvin g o n thes e tasks . 
Skille d performanc e o n thi s typ e o f  tas k give s th e 
impressio n o f  extrem e ease ,  automaticity ,  forwar d 
reasoning ,  constan t  (inevitable )  improvement ,  an d 
recal l  o f  detail s  (fo r  ther e i s n o highe r  structure) . 

Adaptiv e expertis e ma y occu r  o n task s whic h ar e 
marke d b y longe r  duration ,  fundamenta l  proble m 
variety ,  an d greate r  knowledg e requirements .  Thes e 
task s resid e i n Newell' s  (1990 )  rationa l  tim e band . 
Exampl e task s ar e essa y writing ,  compute r 
programming ,  o r  medica l  diagnosis .  Becaus e thes e 
task s ar e comple x an d varied ,  successfu l  solutio n 
require s stron g metacognitio n suc h a s a  detaile d 
knowledg e o f  plan s an d organizationa l  requirements . 
Thes e task s ca n b e regarde d a s proble m solvin g task s 
on whic h searc h an d plannin g canno t  b e severel y 
reduced .  Therefor e thes e task s canno t  b e successfull y 
complete d throug h th e applicatio n o f  so-calle d 
automati c responses .  Thi s famil y o f  task s provide s 
many o f  th e exceptiona l  result s whic h challeng e th e 
canonica l  descriptio n o f  expertise .  O n thes e tasks , 
skille d performanc e i s marke d b y improvemen t 
discontinuities ,  grea t  effort ,  lac k o f  automaticity , 
varie d reasonin g an d searc h direction ,  an d memor y fo r 
more abstrac t  informatio n tha n fo r  specifics . 

I n short ,  on e migh t  ma p th e distinctio n betwee n 
routin e an d adaptiv e expertis e ont o th e distinctio n 
betwee n well-define d an d ill-define d problem s o r 
betwee n close d an d ope n tasks .  Althoug h th e degre e 
of  externa l  constrain t  o n a  tas k i s important ,  thi s 
paper  assert s tha t  th e sor t  o f  expertis e observe d i s no t 
determine d solel y b y thi s factor .  M a n y an d mos t 
task s li e betwee n th e tw o extreme s o f  th e routine -
adaptiv e continuu m an d ca n b e accomplishe d wit h 
eithe r  approach .  O n thes e task s th e performe r  i s a 
majo r  determinan t  o f  th e natur e o f  th e performance . 
That  is ,  th e choice s an d styl e o f  a  performe r  i s 
anothe r  factor ,  crosse d wit h externa l  constraints ,  tha t 
must  b e considered .  Th e followin g revie w o f  a 
portio n o f  th e human-compute r  interactio n literatur e 
strongl y support s thi s assertion . 

So f twar e U s a g e a n d L e a r n i n g 

The human-computer interaction (HCI) literature 
contain s intriguin g finding s whic h challeng e curren t 
thinkin g abou t  skill .  Fro m a  skil l  perspective ,  on e 
of  th e mos t  provocativ e findings  i n H C I  i s foun d i n 

studie s o f  softwar e learnin g an d usage .  Specifically , 
lon g ter m user s o f  a  piec e o f  softwar e (application ) 
frequentl y kno w ver y fe w command s (Carrol l  & 
Rosson ,  1987) .  Fo r  man y user s thi s i s th e resul t  o f  a 
consciou s choice .  Rar e addition s t o th e smal l 
repertoir e ar e drive n b y task s tha t  canno t  b e 
accomplishe d wit h know n methods .  Also ,  knowledg e 
of  command s m a y b e noncumulativ e suc h tha t  a 
give n repertoir e ma y no t  includ e al l  command s o f  a 
smalle r  repertoire .  Thi s patter n challenge s th e notio n 
tha t  skil l  necessaril y  an d almos t  artifactuall y increase s 
throug h practic e i n a n orderl y manner . 

Th e decouplin g o f  knowledg e breadt h an d 
experienc e o r  a  noncumulativ e progressio n o f 
command acquisitio n ha s bee n documente d i n variou s 
applications .  Experience d librar y databas e searcher s 
emplo y a  smal l  proportio n o f  available ,  usefu l 
commands (Fenichel ,  1981) .  Ban k clerk s als o us e a 
smal l  portio n o f  availabl e informatio n retrieva l 
commands,  ofte n usin g a  sequenc e o f  tw o o r  thre e 
know n command s t o avoi d releamin g a  mor e direc t 
functio n (Kraut ,  Hanson ,  &  Farber ,  1983) .  Eve n 
compute r  professional s wit h broa d technica l  an d 
softwar e experienc e pres s know n function s an d 
softwar e int o servic e t o avoi d learnin g (Nielsen , 
Mack,  Bergendorff ,  &  Grischkowsky ,  1986) . 

Experience d user s wit h smal l  comman d repertoire s 
ar e als o th e rul e i n operatin g syste m usage .  Th e 
number  o f  uniqu e operatin g syste m command s issue d 
by user s a t  a  larg e universit y computin g sit e wa s 
uncorrelate d wit h th e lengt h o f  th e computin g 
traditio n o f  thei r  variou s discipline s (Anstey ,  1988) . 
A stud y o f  electroni c mai l  (e-mail )  wit h experimenta l 
task s revealed  tha t  lon g ter m ("regular" )  user s issue d 
significantl y fewe r  command s tha n di d syste m 
manager s o r  consultant s (Aki n &  Rao ,  1985) . 
Interestingly ,  eac h o f  thes e use r  group s employe d 
uniqu e commands .  Thi s noncumulativit y o f 
commands wa s similarl y observe d i n a n operatin g 
syste m comman d loggin g stud y whic h als o foun d 
most  user s ha d smal l  comman d set s (Draper ,  1984) . 

Not  onl y d o mos t  user s hav e small ,  idiosyncrati c 
command sets ,  the y als o resis t  comple x o r  highl y 
specifi c  commands .  Experience d databas e searcher s 
use ver y simpl e quer y structure s whic h d o no t  exploi t 
th e system' s powe r  (Fenichel ,  1981) .  E-mai l 
commands whic h wer e uniqu e t o th e "regular "  user s 
wer e mor e genera l  tha n thos e uniqu e t o th e syste m 
manager s (Aki n &  Rao ,  1985) .  I n addition ,  th e us e 
of  powerful ,  tailorabl e editin g function s suc h a s 
macro s ca n b e a s strongl y correlate d t o year s o f 
programmin g experienc e a s t o experienc e wit h th e 
edito r  (Rosson ,  1984) .  Eve n whe n sel f  tailorin g o f 
softwar e an d workstation s i s aggressivel y taugh t  an d 
supported ,  heav y user s o f  th e softwar e ar e remarkabl y 
conservativ e (MacLean ,  Carter ,  Lovstrand ,  &  Moran , 
1990) .  I n summary ,  lon g ter m user s o f  softwar e 
typicall y kno w onl y a  handfu l  o f  genera l  commands . 
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Ther e ar e tw o basi c argument s offere d b y thos e 
w ho us e a  smal l  comman d se t  an d routiniz e thei r 
work .  On e i s tha t  thei r  goa l  i s  t o accompUs h a  bi t  o f 
wor k suc h a s drawin g a  grap h o r  readin g mai l  fro m a 
colleague ,  an d no t  t o lear n a  piec e o f  software .  Th e 
softwar e i s strictl y regarde d a s a  tool .  Followin g 
fro m thi s perspectiv e i s th e strateg y o f  attemptin g t o 
achiev e m a x i m u m coverag e fro m a  minima l 
investment ,  whic h i s th e othe r  argumen t  ofte n made . 
Most  user s wit h a  smal l  comman d se t  ar e quit e 
satisfie d wit h tha t  repertoir e an d fee l  prepare d t o dea l 
wit h anythin g tha t  migh t  aris e (Anstey ,  1988) . 
Individua l  user s acquir e a  ne w comman d o r  functio n 
onl y whe n a  specifi c  tas k force s the m to ,  whic h 
produce s th e observe d noncumulativit y o f  comman d 
repertoir e acros s users . 

I t  i s  no t  clea r  tha t  user s w h o maintai n a  smal l 
command se t  suffer .  I n fact ,  the y avoi d a n entir e 
famil y o f  problem s fo r  i t  turn s ou t  tha t  increasin g 
skil l  breadt h wit h a n applicatio n m a y yiel d lo w 
return s o r  eve n handicap s an d i s effortfu l  an d erro r 
prone .  A  lac k o f  performanc e advantag e fro m a  large r 
command repertoir e wa s obtaine d i n th e e-mai l  study : 
I n th e end ,  thos e user s w h o employe d mor e 
commands wer e n o speedie r  no r  mor e accurat e (Aki n 
& Rao ,  1985) .  Fro m on e perspective ,  thos e user s 
w ho employe d fewe r  uniqu e command s wer e mor e 
efficient .  Spreadshee t  base d experiment s revea l  tha t 
learnin g o r  performanc e cost s ca n accompan y 
knowin g mor e tha n on e metho d fo r  a  tas k (Olso n & 
Nilsen ,  1987 ;  Ashworth ,  1992 )  whic h i s highl y 
likel y i n a  moderat e o r  large r  comman d set .  Learnin g 
and performanc e cost s ar e observe d i n erro r  rate s an d 
increase d plannin g times .  O n e mus t  lear n a n almos t 
overwhelmin g amoun t  o f  informatio n o f  man y 
differen t  sort s t o profi t  fro m th e wor k (Olso n & 
Poison ,  1992 ;  Doane ,  Pellegrino ,  &  Klatzky ,  1990) . 

Moreover ,  learnin g ne w function s require s 
venturin g int o poorl y understood ,  erro r  pron e 
territory .  Error s durin g exploratio n ar e particularl y 
problemati c becaus e 1 )  the y ar e difficul t  t o identif y 
and 2 )  i t  i s  no t  clea r  ho w t o recove r  fro m a n actio n 
whic h itsel f  wa s poorl y understood .  I n fact ,  a  use r 
has n o guarante e tha t  th e targe t  metho d wil l  work , 
wil l  b e appropriate ,  o r  wil l  sav e time .  I n addition ,  i n 
a domai n suc h a s softwar e i n whic h th e actio n t o 
initiat e a  comman d i s fairl y  arbitrary ,  ther e ma y b e 
sever e memor y problem s associate d wit h usin g a 
larg e c o m m a n d set .  Thus ,  acquirin g enoug h 
knowledg e t o b e ad^tiv e i s ver y effortful ,  risky ,  ma y 
entai l  costs ,  an d ma y no t  yiel d benefits . 

I n summary ,  mos t  user s purposel y (an d perhap s 
wisely )  maintai n a  smal l  comman d repertoire .  Thes e 
user s operationaliz e incomin g task s s o tha t  the y ca n 
be accomplishe d wit h know n methods ,  minimizin g 
thei r  knowledg e overhead .  Althoug h thi s descriptio n 
characterize s th e majorit y o f  user s a n interestin g 
exceptio n i s a  minorit y grou p o f  users ,  ofte n calle d 

"wizards, "  w h o ar e usuall y syste m manager s o r 
informa l  troubleshooters .  Thes e user s posses s a n 
extensiv e repertoir e o f  immediatel y usabl e command s 
and als o a  larg e poo l  o f  command s whic h ca n b e 
quickl y reconstructe d o r  derived .  Thes e wizard s 
demonstrat e tha t  a  give n tas k a  user' s styl e ca n b e 
routin e o r  adaptive .  Interestingly ,  wizard s ca n mak e 
more error s an d acces s on-lin e hel p o r  manual s mor e 
ofte n tha n d o othe r  user s (Draper ,  1984 ;  bu t  se e 
Vaube l  &  Gettys ,  1990) .  Thes e finding s represen t 
anothe r  (apparent )  conflic t  i n th e skil l  literatur e fo r 
we expec t  expert s t o mak e fewe r  errors . 

A smal l  comman d repertoir e an d a  lo w frequenc y 
of  error s bot h deriv e fro m a n approac h whic h 
routinize s an d avoid s additiona l  learning .  Th e use r 
who avoid s learnin g ne w command s o r  function s an d 
instea d assimilate s task s t o a  smal l  wel l  know n se t  o f 
function s avoid s thre e things :  1 )  th e erro r  pron e 
proces s o f  identifyin g an d employin g a  ne w 
command,  2 )  th e effor t  o f  learnin g an d rememberin g a 
ne w comman d whic h ma y wel l  hav e t o b e releame d 
fo r  it s nex t  use ,  an d 3 )  selectio n amon g know n 
commands.  However ,  thi s strateg y ma y als o reduc e 
th e eas e wit h whic h ne w function s ca n b e acquire d 
(shoul d th e use r  selec t  thi s option) .  Th e conu-astin g 
approach ,  knowledg e seeking ,  produce s th e opposit e 
patter n o f  a n extensiv e comman d repertoir e an d a  hig h 
rat e o f  error s an d on-lin e hel p accesses .  Thes e user s 
bear  th e memory ,  learning ,  an d performanc e liabilitie s 
of  a  larg e repertoire ,  bu t  ca n d o mor e thing s an d ma y 
be bette r  abl e t o us e ne w commands .  Th e softwar e 
learnin g an d usag e literatur e support s th e assertio n 
tha t  a  give n task ,  i n an d o f  itsel f  ma y no t  requir e 
routin e o r  adaptiv e expertise .  Instead ,  fo r  man y tasks , 
a performe r  ca n elec t  on e styl e o r  th e other . 

A C o n c e p t u a l  F r a m e w o r k 

The combination of these results from the HCI 
literatur e an d th e distinctio n betwee n routin e an d 
adaptiv e expertis e (discusse d above )  support s th e 
followin g framewor k embracin g bot h routin e an d 
adaptiv e expertise .  Th e centra l  tene t  o f  thi s 
framewor k i s tha t  th e performe r  determine s whethe r 
sh e wil l  accomplis h a  give n tas k i n a  routin e o r 
adaptiv e manner .  Thi s decisio n i s mad e i n referenc e 
t o th e performer' s tas k operationalizatio n whic h 
incorporate s th e persona l  goa l  t o see k o r  avoi d 
additiona l  knowledge .  Althoug h th e HC I  literatur e 
emphasize s th e influenc e o f  th e performer ,  expertis e 
i s locate d i n th e fi t  betwee n tw o factors :  1 ) 
constraint s inheren t  i n th e tas k (suc h a s grainsize )  o r 
th e situatio n (suc h a s tim e pressure )  an d 2 )  th e 
performer' s resources .  Concept s importan t  i n thi s 
argumen t  include :  performe r  resources ,  persona l 
learnin g goals ,  an d tas k operationalizatio n 

446 



Real  worl d task s typicall y hav e a n externa l 
definitio n base d o n th e fina l  goal ,  suc h a s "produc e a 
manuscrip t  i n A P A format. "  Althoug h suc h 
definition s ma y b e constraine d b y specifi c  proces s 
instruction s o r  lim e pressure ,  the y ofte n contai n 
many choices .  I t  i s  thi s tas k freedo m whic h permit s 
th e influenc e o f  performe r  choices .  Fo r  instance ,  th e 
manuscrip t  prepare r  decide s h o w an d whe n t o achiev e 
th e require d margins .  Becaus e th e tas k definitio n i s 
rarel y completel y specifie d fo r  th e performer ,  i t  i s 
detaile d b y th e performer .  Th e performer' s 
operationalizatio n o f  th e tas k i s develope d i n referenc e 
t o tw o strongl y relate d criteria :  1 )  achievin g persona l 
goal s an d 2 )  achievin g a  fi t  betwee n performe r 
resource s an d tas k pla n demands . 

Persona l  learnin g goal s ar e bes t  understoo d b y 
example .  Fo r  example ,  i n additio n t o satisfyin g th e 
manuscrip t  requirements ,  th e prepare r  m a y b e 
pursuin g persona l  goal s including :  completin g th e 
tas k usin g currentl y know n method s only ,  usin g th e 
opportunit y t o lear n ho w t o d o relate d (potential ) 
tasks ,  o r  usin g th e tas k simpl y t o explor e th e 
software .  Thes e persona l  goal s fal l  int o tw o genera l 
styles :  1 )  learnin g avoidanc e an d 2 )  knowledg e 
seeking .  Th e performe r  consider s thes e persona l 
learnin g goal s whe n operationalizin g th e task .  Th e 
pla n generate d t o accomplis h th e tas k therefor e 
describe s th e particular s o f  wha t  th e performe r  i s 
willin g t o do .  Thes e particular s includ e th e 
knowledg e tha t  th e performe r  ha s committe d t o 
bringin g t o th e task .  Th e relationshi p o f  thi s 
knowledg e t o th e performer' s curren t  resource s 
determine s th e natur e o f  th e fit,  routin e o r  adaptive . 
Althoug h th e performe r  als o choose s th e degre e o f  fit 
achieved ,  th e focu s her e i s o n th e manne r  i n whic h i t 
i s  achieved . 

W h en a  tas k i s acquire d ther e ma y appea r  t o b e a 
gap betwee n performe r  resource s an d tas k demands . 
To bridg e thi s gap ,  th e performe r  ca n change :  1 ) 
performe r  resource s o r  2 )  tas k demands .  Thes e tw o 
ways o f  bridgin g th e ga p ar e tie d t o persona l  learnin g 
goal s jus t  discussed .  W h e n a  tas k seem s t o requir e 
unknow n methods ,  th e performe r  ma y acquir e tha t 
knowledg e (increas e use r  resources )  an d complet e th e 
task .  I n thi s case ,  th e persona l  goa l  i s  o f  th e 
knowledg e o r  understandin g seekin g variety .  Anothe r 
approac h i s t o accomplis h th e tas k whil e avoidin g 
resourc e expansion .  TTii s occur s whe n th e performe r 
introduce s th e persona l  goa l  o f  accomplishin g th e 
tas k wit h know n methods .  I n accordanc e wit h thi s 
persona l  goal ,  th e performe r  create s a n operationa l 
definitio n o f  th e tas k tha t  ca n b e achieve d wit h curren t 
resources .  Thi s assimilate s th e tas k t o know n 
method s an d avoid s learning .  O f  course ,  ther e ar e 
many mixture s o f  thes e tw o extremes . 

I n summary ,  a  performe r  ha s persona l  learnin g 
goal s whic h shap e th e tas k demand s t o thos e tha t  th e 
performe r  i s willin g t o accomplish .  I n thi s way ,  th e 

performe r  select s th e degre e t o which ,  an d manne r  i n 
which ,  performe r  resource s wil l  fit  tas k demands . 
Additionally ,  eac h tas k episod e ca n shap e th e 
performer' s resource s fo r  th e next .  A s discusse d 
below ,  bot h approache s accomplis h th e task ,  bot h 
hav e cost s an d benefits ,  an d neithe r  i s inherentl y 
superio r  o r  mor e skille d tha n th e other . 

D i s c u s s i o n 

Current skill theories which espouse the canonical 
vie w o f  expertis e ar e roote d primaril y i n accountin g 
fo r  th e powe r  la w o f  practice .  I n fact ,  investigatin g 
h o w thes e theorie s mode l  th e powe r  la w i s a  usefu l 
way t o becom e acquainte d wit h the m fo r  i t  expose s 
most  o f  thei r  mechanism s an d processes .  And ,  th e 
power  la w o f  practic e summarize s severa l  cor e belief s 
abou t  skil l  including :  constan t  improvement , 
increase d accuracy ,  specificity ,  an d automaticity .  Th e 
performanc e o f  on e w h o ha s practice d a  fairl y  close d 
tas k o f  brie f  duratio n i s wel l  modele d b y thes e 
theories .  Exampl e task s include :  transcriptio n 
typing ,  namin g stat e capitals ,  recallin g th e content s 
of  a  ches s board ,  o r  sortin g an d solvin g physic s 
problems .  Al l  o f  thes e task s ar e fairl y  constraine d b y 
thei r  timeband ,  thei r  lac k o f  variety ,  an d th e 
extremel y ligh t  guidanc e o f  matur e proble m schemas . 

Accordin g t o th e powe r  law ,  improvemen t  i s th e 
reductio n o f  proble m solvin g processe s i n favo r  o f 
proceduralize d processes .  Tha t  is ,  skil l  i s  regarde d a s 
a strengthenin g o r  sharpenin g process .  Task s whic h 
ar e no t  wel l  capture d i n curren t  theorie s ar e task s o n 
whic h improve d performanc e o r  increase d skil l 
require s a n effortfu l  broadenin g o f  availabl e procedure s 
force d b y a  die t  o f  tas k variety .  A  revie w o f  th e 
literatur e cite d b y Holyoa k (1991 )  make s i t  clea r  tha t 
th e rogu e result s whic h h e gather s togethe r  unde r  th e 
umbrell a o f  adaptiv e expertis e com e fro m thes e sort s 
of  tasks .  Example s includ e socia l  proble m solving , 
writin g abou t  one' s summe r  vacation ,  designin g 
software ,  o r  controllin g a  comple x compute r 
simulation . 

I t  i s  no t  clea r  h o w a  theor y o f  skil l  base d o n th e 
power  la w an d it s entailment s coul d explai n adaptiv e 
skill .  Conceptually ,  performanc e gain s accru e i n tw o 
loci .  First ,  singl e procedure s mus t  becom e speeded . 
Second ,  th e knowledg e o f  pre -  an d post-condition s fo r 
ever y procedur e mus t  b e represente d an d processe d i n a 
way tha t  support s rapi d creatio n o f  nove l  chains .  A 
constrain t  base d approac h whic h doe s no t  mode l  skil l 
throug h th e creatio n o f  larg e precompile d rule s 
appear s mor e usefu l  (Kitajim a &  Poison ,  1992 ; 
Mannes &  Kintsch ,  1989) . 

Althoug h tas k constraint s ca n b e strong ,  ther e i s 
anothe r  wa y fo r  a  performanc e t o appea r  eithe r  routin e 
or  adaptive .  O n man y tasks ,  th e performe r  ha s th e 
optio n o f  eithe r  assimilatin g o r  accommodatin g th e 
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task .  Th e softwar e usag e literatur e convincingl y 
demonstrate s tha t  performer s determin e wher e thei r 
task s fal l  alon g a  continuu m fro m extremel y routin e 
t o extremel y novel .  Th e majorit y o f  user s assimilat e 
incomin g task s t o k n o w n methods .  Fro m th e 
perspectiv e o f  efficien t  too l  us e (an d controllin g 
surprise s durin g too l  use )  thi s i s a  reasonabl e 
approach .  Ther e i s als o a n identifiabl e grou p o f  user s 
w ho accommodat e incomin g tasks ,  takin g th e 
opportunit y t o lear n ne w softwar e function s an d facts . 
Thi s approac h als o ha s cost s an d benefits .  Thus ,  th e 
performe r  i s als o a n importan t  facto r  i n th e natur e o f 
th e performance .  Thi s pape r  ha s sketche d a 
framewor k whic h explicitl y  acknowledge s an d 
explore s th e consequence s o f  th e performer' s choice . 

Thi s framewor k goe s beyon d th e distinctio n 
betwee n routin e an d adaptiv e expertis e whic h focuse s 
solel y o n tas k constraint s b y identifyin g th e learne r  o r 
performe r  a s anothe r  importan t  facto r  i n th e sor t  o f 
performanc e observed.  Th e relatio n o f  thes e tw o 
factors ,  th e degre e o f  externa l  tas k constraint s an d th e 
performer' s approac h (interna l  performe r  constraints) , 
i s th e locatio n o f  skill .  Tha t  is ,  skil l  i s locate d i n th e 
perfcvmanc e o f  a  tas k whic h i s th e produc t  o f  tas k an d 
performe r  consU'aints . 

Thi s perspectiv e ha s severa l  entailments .  First ,  i n 
general ,  a  give n tas k doe s no t  inherentl y requir e o r 
cal l  fort h on e sor t  o f  expertis e o r  th e other .  (Se e 
abov e fo r  a  discussio n o f  th e exceptio n t o thi s 
statement :  task s a t  th e end s o f  th e continuum. ) 
Second ,  eve n withi n on e domai n a  performe r  ma y no t 
us e solel y a  routin e o r  a n adaptiv e api^oach .  Fo r 
example ,  a  performe r  m a y assimilat e on e tas k t o 
curren t  knowledg e bu t  b e willin g t o lear n a  littl e 
somethin g fo r  another .  Routin e an d adaptiv e 
expertis e als o coexis t  i n a n individua l  i n tha t  i t  i s no t 
clea r  h o w adaptiv e expertis e coul d develo p withou t 
th e suppor t  o f  routin e expertise.' '  Consisten t  practic e 
i n thes e di£feren t  styles ,  routin e o r  adaptive ,  engender s 
knowledg e representations  whic h diffe r  i n conten t  an d 
size .  Becaus e ther e ar e cost s an d benefit s t o bot h 
ways o f  accomplishin g a  tas k i t  i s  inappropriat e t o 
labe l  on e superio r  t o th e oth w 

Thi s f ramewor k explain s s o m e recentl y 
mentioned ,  apparentl y anomalous ,  findings  i n th e are a 
of  skil l  acquisitio n an d skille d performance .  Fo r 
instance ,  w e hav e discovere d ho w exper t  performanc e 
ca n b e lengthier ,  mor e effortful ,  an d mor e errorfu l 
tha n tha t  o f  les s skille d performers .  I n addition ,  w e 
hav e employe d th e sam e simpl e idea s t o understan d 
h o w a  performe r  ca n engag e i n a n activit y fo r 
thousand s o f  task s an d no t  appea r  t o improv e i n 
expertise .  Thi s framewor k i s currentl y bein g 

^I n contrast ,  i t  i s entirel y possibl e fo r  a  performe r 
w ho tj'picall y routinize s no t  t o posses s th e 
knowledg e require d t o suppor t  a  mor e adaptive , 
flexible  approach . 

elaborate d an d expande d t o accoun t  f(M -  othe r  variation s 
i n experimenta l  results . 
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