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Abstrac t 

In this research, we investigated the factors that mediate 
th e us e o f  prio r  knowledg e i n learnin g ne w procedures . 
Participant s learne d t o operat e tw o differen t  version s o f 
fou r  task s o n a  hypothetica l  devic e interface .  A t  a 
conceptua l  level ,  al l  device s wer e operate d i n th e sam e way . 
However ,  i n som e conditions ,  th e appearanc e o f  th e tw o 
version s wa s manipulate d b y changin g th e graphica l 
appearanc e o f  th e interface .  A  secon d manipulatio n 
concerne d th e physica l  layout :  Th e positio n o f  th e devic e 
controls ,  graphics ,  an d gauge s wa s eithe r  th e sam e o r 
differen t  fro m on e versio n t o th e next .  Providin g th e sam e 
appearanc e an d providin g th e sam e physica l  layou t  bot h 
increase d th e amoun t  o f  transfer .  Thes e effect s wer e 
additive ,  suggestin g tha t  th e factor s contribut e 
independentl y t o learning .  Ou r  interpretatio n i s  tha t 
appearanc e affect s th e us e o f  semanti c constraint ,  whil e 
layou t  affect s th e us e o f  structura l  analogy . 

Introduction 

T h e ai m o f  th e presen t  investigatio n wa s t o discove r  th e 
effec t  o f  prio r  knowledg e o n th e acquisitio n o f  nove l 
procedures .  M o r e specifically ,  w e wer e intereste d i n 
determinin g h o w superficia l  tas k feature s ar e use d t o activat e 
relevan t  prio r  knowledge .  Ros s (1987 ,  1989 )  demonstrate d 
tha t  i n solvin g probabilit y  problems ,  superficia l  similarit y 
i n conten t  ha s a  larg e effec t  o n performance .  Performanc e 
was relativel y poor ,  fo r  example ,  whe n a  stud y proble m 
involve d salesme n choosin g mechanic s t o wor k o n a  ca r  an d 
th e tes t  proble m involve d mechanic s choosin g whic h 
salesman' s ca r  t o wor k on .  Learner s wer e affecte d b y thes e 
superficia l  correspondence s eve n though ,  a s fa r  a s th e 
solutio n o f  th e proble m wa s concerned ,  thes e characteristic s 
wer e entirel y arbitrary .  Furthermore ,  whe n participant s wer e 
explicitl y  cue d t o th e correspondin g aspect s o f  previousl y 
learne d problem s (e.g. ,  "Thi s i s lik e th e earlie r  proble m wit h 
th e golfer s gettin g prizes") ,  the y sho w increase d transfe r 
compare d t o thos e w h o wer e no t  s o cue d (Ros s &  Kennedy , 
1990) .  Take n together ,  th e result s sugges t  tha t  domai n 
novice s ar e ofte n affecte d b y th e irrelevan t  (superficial ) 
aspect s o f  th e proble m whe n the y shoul d b e mor e concerne d 
by th e deepe r  (structural )  components . 

I n a  simila r  vein ,  w e investigate d th e effec t  o f  superficia l 
feature s i n th e procedura l  domai n o f  devic e operation .  W e 

propos e tha t  th e us e prio r  procedura l  knowledg e i s mediate d 
by tw o processes :  semanti c constrain t  an d structura l 
analogy .  Constrain t  operate s b y restrictin g th e natur e o f  th e 
action s tha t  ar e deeme d t o b e appropriat e a t  eac h ste p o f  th e 
procedure .  Fo r  instance ,  familiarit y wit h othe r  electroni c 
device s migh t  dictat e tha t  a n initia l  ste p shoul d b e som e 
for m o f  power-u p o r  rese t  operation .  Structura l  analog y 
foster s transfe r  b y mappin g step s fro m a  familia r  procedur e 
ont o th e step s require d i n a  nove l  procedure .  Fo r  example ,  a 
nove l  telephon e migh t  b e operate d b y mappin g th e 
previousl y learne d step s neede d t o m a k e a  phon e cal l  ont o 
th e correspondin g step s neede d fo r  th e ne w phone .  I n 
previou s research ,  w e hav e foun d tha t  bot h processe s 
contribut e t o transfe r  whe n a  perso n i s explicitl y  cue d t o us e 
thei r  prio r  knowledg e (O'Reill y  an d Dixon ,  1999) .  However , 
superficia l  similarit y (suc h a s a  labe l  applie d t o th e 
subprocedure )  seeme d t o affec t  onl y th e semanti c constrain t 
process ,  no t  th e us e o f  structura l  analogy . 

Th e goa l  o f  th e presen t  researc h wa s t o furthe r  investigat e 
th e natur e o f  th e superficia l  similarit y cue s tha t  migh t  b e 
involve d i n th e us e o f  prio r  knowledg e i n genera l  an d 
semanti c constrain t  specifically .  T o addres s thi s issue ,  w e 
aske d participant s t o lear n eigh t  differen t  task s o n differen t 
devic e consoles ,  wit h th e las t  fou r  task s constitutin g 
differen t  version s o f  th e firs t  four .  Th e differen t  version s o f 
a tas k coul d diffe r  i n physica l  appearanc e (wit h differen t 
logo s an d graphica l  feedback )  o r  layou t  (wit h differen t 
contro l  position s an d groupings) .  Despit e th e differen t 
superficia l  appearance s betwee n th e versions ,  th e operatin g 
procedure s fo r  bot h coul d b e interprete d a s havin g th e sam e 
semanti c context .  Fo r  example ,  i f  th e step s fo r  on e versio n 
include d pressin g button s labele d S T O R E,  T R A N S F E R, 
I N N E R,  th e step s fo r  th e secon d versio n woul d hav e th e 
semanticall y simila r  label s M E M O R Y,  M O V E,  an d 
C E N T R A L.  B y manipulatin g bot h th e appearanc e an d 
layout ,  w e hope d t o identif y som e o f  th e factor s tha t 
contribut e t o superficia l  similarity . 
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M e t h o d 

Participants 

The sampl e consiste d o f  2 4 introductor y psycholon y 
student s fro m th e Universit y o f  Albert a wh o wer e give n 
extr a credi t  fo r  thei r  participation . 

Materials 

Seventee n hypothetica l  devic e console s wer e simulate d o n a 
compute r  screen .  Th e devic e console s consiste d o f  a 
distinctiv e dialo g bo x wit h labele d buttons ;  subject s operate d 
th e device s b y usin g a  compute r  mous e t o clic k o n th e 
button s i n a  particula r  order .  Al l  devic e console s containe d a 
set  o f  te n buttons .  Si x o f  th e button s wer e use d t o carr y ou t 
th e procedure ,  an d fou r  serve d a s distracter s t o mak e th e tas k 
more difficult .  On e devic e wa s use d a s practice ;  th e 
remainin g 1 6 consiste d o f  4  differen t  version s o f  4  tes t 
procedure s o n a  hypothetica l  weathe r  monitorin g device . 
Thes e procedure s wer e Start-up ,  Senso r  Activation ,  Dat a 
Location ,  an d Syste m Cleaning .  Fo r  eac h procedure ,  ther e 
wer e tw o differen t  appearance s consistin g a  distinctiv e font , 
manufacture r  nam e an d logo ,  an d styl e o f  mete r  (use d fo r 
feedback) .  I n addition ,  fo r  eac h device ,  appearanc e wa s 
crosse d wit h tw o alternativ e spatia l  arrangement s o f  th e 
buttons ,  meter ,  an d graphics .  Participant s wer e provide d 
wit h a  two-pag e instructio n bookle t  whic h describe d th e 
natur e o f  a  devic e console ,  th e numbe r  o f  console s the y wer e 
require d t o learn ,  an d th e consequence s o f  makin g bot h 
correc t  an d incorrec t  butto n sequences .  Th e instruction s als o 
explaine d tha t  eac h consol e wa s operate d b y pressin g 6 
button s i n sequence .  Finally ,  i t  wa s mentione d tha t  th e firs t 
fou r  console s wer e differen t  an d unrelate d t o on e anothe r 
whil e th e secon d se t  o f  fou r  console s coul d b e eithe r  simila r 
or  dissimila r  t o th e previou s fou r  devic e consoles . 

Design and Procedure 

Participant s wer e 2 4 Universit y o f  Albert a undergraduates . 
Participant s learne d 9  task s t o a  criterio n o f  tw o correc t  trial s 
i n a  row .  First ,  participant s learne d a  tas k usin g th e practic e 
devic e console .  Thi s wa s followe d b y fou r  trainin g an d the n 
fou r  transfe r  tasks .  Th e correspondin g trainin g an d transfe r 
device s alway s use d th e sam e procedur e bu t  th e appearanc e 
coul d b e eithe r  th e sam e o r  different ,  an d th e physica l  layou t 
coul d b e eithe r  th e sam e o r  differen t  fro m training . 
Correspondin g butto n label s betwee n th e tw o version s o f  a 
devic e wer e roughl y synonymous .  Al l  fou r  combination s o f 
same o r  differen t  appearanc e an d layou t  wer e use d fo r  eac h 
participant .  Th e orde r  o f  thes e fou r  transfe r  condition s a s 
wel l  a s th e particula r  device s an d version s use d i n conditio n 
were counterbalance d acros s subjects . 

Befor e beginnin g eac h task ,  al l  participant s wer e aske d t o 
carefull y rea d th e tw o pag e instructio n booklet .  Afte r  readin g 
th e instructiona l  material s participant s wer e encourage d t o 
operat e th e device .  W h e n a  participan t  mad e a n error ,  th e 
tas k wa s aborte d b y th e computer ,  feedbac k wa s give n 
regardin g th e correc t  alternativ e tha t  shoul d hav e bee n 
pressed ,  an d th e participan t  wa s require d t o star t  th e tas k 

fro m th e beginning .  W h e n a  participan t  mad e a  correc t 
butto n press ,  th e readin g o f  th e feedbac k mete r  increase d t o a 
valu e correspondin g t o th e tota l  numbe r  o f  correc t  step s 
completed . 

Results and Discussion 

For  eac h participant ,  fou r  relativ e erro r  rate s wer e obtaine d 
by dividin g th e tota l  numbe r  o f  error s o n a  trainin g tas k b y 
th e tota l  numbe r  o f  error s o n th e correspondin g transfe r  task . 
Due t o th e variabilit y o f  thi s measure ,  th e resultin g erro r 
rat e wa s transforme d logarithmically .  Tha t  is ,  transfe r  wa s 
define d as : 

7 =  I n 
Â. 

N 
^  =  ]nN^-\nN ^ (1 ) 

wher e A' y i s th e numbe r  o f  error s o n th e trainin g task ,  an d 
N2 i s th e numbe r  o f  error s o n th e transfe r  task .  Figur e 1 
shows th e amoun t  o f  transfe r  a s a  functio n o f  versio n an d 
layout ;  highe r  score s indicat e mor e transfer .  Th e result s ca n 
be summarize d a s follows :  Providin g th e sam e physica l 
layou t  increase d th e amoun t  o f  transfe r  fro m training ,  an d 
providin g th e sam e appearanc e aide d th e transfe r  proces s bu t 
t o a  somewha t  large r  extent .  Thes e effect s wer e almos t 
perfectl y additive . 
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Figure 1. Transfer as a function of condition. Points on the 
grap h represen t  th e mea n o f  th e lo g relativ e error s i n eac h 
condition ,  whil e th e line s represen t  th e prediction s generate d 
by a  purel y additiv e model .  Erro r  bar s indicat e standar d 
error s o f  th e mean . 

This pattern of results can be readily interpreted in terms 
of  th e processe s o f  semanti c constrain t  an d structura l 
analogy .  Fo r  simplicity ,  w e assum e tha t  eac h ste p i s learne d 
independentl y i n a n all-or-non e manner .  Unde r  thi s 
assumption ,  th e tota l  numbe r  o f  error s o n a  tas k i s give n 
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by: 

N = 
l- r 

(2 ) 

wher e r  i s th e probabilit y  o f  guessin g th e ste p correctl y an d 
s i s th e probabilit y o f  learnin g th e ste p o n a  give n trial . 
Thi s learnin g mode l  i s essentiall y a  variatio n o f  th e all-or -
non e (on e elemen t  model )  describe d b y B o w e r  (1961) . 
Further ,  w e assum e tha t  semanti c constrain t  limit s th e 
number  o f  possibl e button s tha t  migh t  b e considere d o n eac h 
ste p an d henc e i s reflecte d i n th e paramete r  r .  I n contrast ,  th e 
successfu l  formatio n o f  a  structura l  analog y woul d mea n 
faste r  learnin g o f  th e step s o f  th e procedure ,  an d henc e woul d 
be reflecte d i n th e paramete r  s .  Combinin g Equation s 1  an d 2 
allow s on e t o rewrit e transfe r  a s th e s u m o f  tw o 
components : 

T =  \nN,-lnN , 

= [ln(l-r,)-ln5,]-[ln(l-r2)-ln52 ] 

In( l  -  r, )  -  ln( l  -  r;) ]  +  [i n s ^  -  I n j , 

= R  +  S 

(3 ) 

wher e R  reflect s th e incremen t  fro m trainin g t o transfe r  i n 
th e guessin g rat e (base d o n semanti c constraint )  an d S 
reflect s th e chang e i n h o w quickl y individua l  step s ar e 
learne d (base d o n structura l  analog y processes) .  I n othe r 
words ,  factor s havin g selectiv e effect s o n semanti c constrain t 
and structura l  analog y shoul d b e additive . 

Base d o n thi s analysis ,  ou r  interpretatio n o f  th e presen t 
result s i s  tha t  superficia l  appearanc e affect s semanti c 
constraint ,  whil e layou t  affect s th e formatio n o f  a n analogy . 
For  example ,  participant s migh t  us e th e graphica l  log o o r 
th e manufacturer' s n a m e a s a  cu e fo r  retrievin g informatio n 
abou t  a  previousl y learne d procedure ;  w h e n thes e ar e th e 
same fro m trainin g t o transfer ,  participant s m a y b e abl e t o 
recal l  th e semanti c conten t  o f  th e step s tha t  ar e neede d fo r 
th e n e w task .  I n contrast ,  th e result s fo r  th e layou t  facto r 
sugges t  tha t  th e formatio n o f  a n analog y wit h a n earlie r  tas k 
i s base d o n th e physica l  locatio n o f  th e controls . 
Consequently ,  whe n a  n e w layou t  i s used ,  participant s hav e 
difficult y mappin g th e curren t  step s ont o thos e learne d 
previously .  Th e majo r  implicatio n o f  th e presen t  patter n o f 
result s i s tha t  thes e processe s o f  constrain t  an d analog y ca n 
go o n separatel y an d independendy ,  a t  leas t  i n task s lik e th e 
presen t  one . 

A simila r  patte r  o f  result s wa s obtaine d b y O'Reill y an d 
Dixo n (1999 )  usin g a  differen t  se t  o f  task s an d differen t 
manipulations .  I n tha t  study ,  participant s learne d tw o longe r 
task s tha t  wer e divide d int o labele d subprocedures . 
Performanc e o n th e secon d (transfer )  tas k wa s examine d a s a 
functio n o f  whethe r  o r  no t  th e label s wer e th e sam e a s thos e 
use d i n th e first  (training )  tas k an d whethe r  o r  no t  th e step s 
i n eac h subprocedur e wer e i n th e sam e order .  Analogou s t o 
th e presen t  results ,  label s an d ste p orde r  ha d additiv e effect s 
on transfer .  Th e interpretatio n i s tha t  presenc e o f  identica l 
label s fostere d th e us e o f  semanti c constraint ,  whil e havin g 
th e step s i n th e sam e orde r  m a d e th e proces s o f  mappin g th e 
step s fro m th e curren t  tas k t o th e earlie r  on e easier .  Th e fac t 
tha t  thes e effect s wer e additiv e suggests ,  a s here ,  tha t 
constrain t  an d analog y ar e separat e an d independen t 

processes . 
Our  approac h t o understandin g th e presen t  result s i s base d 

on th e assumptio n tha t  transfe r  i n situation s suc h a s th e 
presen t  on e i s  primaril y mediate d b y relativel y specifi c 
m e m o ry representations .  A n alternativ e orientatio n i s t o 
explai n th e operatio n o f  comple x device s i s t o assum e tha t 
participant s for m a  menta l  mode l  o f  th e interna l  working s o f 
a devic e (e.g. ,  Kiera s &  Bovair ,  1984 )  an d us e thi s 
informatio n t o infe r  tas k goal s an d procedure s (e.g. , 
Kamour i  &  Kamouri ,  1986) .  Fo r  instance ,  Kiera s an d 
Bovai r  provide d on e grou p o f  participant s a  detaile d menta l 
model  o n th e interna l  working s o f  a  hypothetica l  devic e an d 
anothe r  grou p o f  participant s wit h n o suc h model . 
Participant s w h o wer e provide d wit h th e menta l  mode l  wer e 
mor e likel y t o tak e shortcut s i n th e procedure s an d execut e 
th e procedure s faste r  tha n th e no-mode l  group .  Th e author s 
conclude d tha t  th e provisio n o f  a  menta l  mode l  facilitate d th e 
participant' s abilit y t o dra w inference s abou t  th e interna l 
workin g o f  th e devic e an d it s operatin g sequence . 

Result s suc h a s thes e m a y reflec t  th e sam e mechanism s a s 
th e effect s o n semanti c constrain t  observe d i n th e presen t 
study .  Fo r  example ,  i t  migh t  b e hypothesize d tha t  th e effec t 
of  superficia l  appearanc e her e arise s becaus e th e graphic s 
remin d user s o f  a  conceptua l  mode l  the y derive d durin g th e 
correspondin g trainin g task .  Suc h a  conceptua l  mode l  i n tur n 
m ay allo w user s t o mak e reasonabl y accurat e guesse s abou t 
whic h butto n t o pres s when .  However ,  th e effec t  o f  layou t 
suggest s tha t  ther e i s  anothe r  mechanis m contributin g t o 
transfe r  tha t  i s  independen t  o f  thi s for m o f  conceptua l 
knowledge .  I n particular ,  w e argu e tha t  thi s effec t  i s 
produce d becaus e subject s ca n m a p th e sequenc e o f  physica l 
butto n location s fro m th e trainin g tas k t o th e transfe r  task . 

As allude d t o earlier ,  th e additiv e natur e o f  th e presen t 
result s sugges t  tha t  bot h appearanc e an d layou t  contribut e 
independentl y t o procedura l  transfer .  Previou s investigation s 
suggeste d tha t  th e conten t  o f  superficia l  feature s affect s prio r 
knowledg e us e (Ross ,  1987 ,  1989) .  Th e presen t  findings 
buil d o n thi s researc h researc h b y showin g tha t  participant s 
us e th e superficia l  appearanc e o f  a  devic e interfac e t o acces s 
previou s experience .  Further ,  th e spatia l  layou t  o f  th e 
interfac e m a y mak e applyin g analogica l  processe s eithe r  eas y 
or  difficult .  Thi s pose s specia l  concern s fo r  interfac e 
designers :  No t  onl y ar e th e physica l  feature s (i.e ,  graphics , 
meters ,  an d th e appearanc e o f  controls )  importan t  i n 
designin g user-friendl y interfaces ,  bu t  th e spatia l 
organizatio n o f  th e step s i n th e procedur e matter s a s well . 
However ,  ou r  interpretatio n i s tha t  thes e variable s hav e thei r 
effect s fo r  differen t  reasons :  Appearanc e i s  importan t  fo r 
usin g semanti c constraint ,  bu t  spatia l  layou t  i s importan t 
fo r  mappin g step s acros s procedure s i n a n effectiv e way . 
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