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Abstrac t 

Theories of skill acquisition have made radically 

differen t  prediction s abou t  th e rol e o f  means-end s 

analysi s i n acquirin g genera l  rule s tha t  promot e 

effectiv e transfe r  t o ne w problems .  Unde r  on e view , 

means-end s analysi s i s assume d t o provid e th e basi s fo r 

efficien t  knowledg e compilatio n (Anderson ,  1987) , 

wherea s unde r  th e alternativ e vie w means-end s analysi s 

i s believe d t o disrup t  rul e inductio n (Sweller ,  1988) . 

We sugges t  tha t  i n th e absenc e o f  a  specifi c  goa l  peopl e 

ar e mor e likel y t o us e a  rule-inductio n learnin g strategy , 

wherea s providin g a  specifl c  goa l  foster s us e o f  means -

ends analysis ,  whic h i s a  non-rule-inductio n strategy . 

We performe d a n experimen t  t o investigat e th e impac t 

of  goa l  specificit y an d systematicit y o f  rule-inductio n 

strategie s i n learnin g an d transfe r  withi n a  comple x 

dynami c system .  Subject s w h o wer e provide d wit h a 

specifi c  goa l  wer e abl e t o solv e th e initia l  problem ,  bu t 

wer e impaire d o n a  transfe r  tes t  usin g a  simila r  proble m 

wit h a  differen t  goal ,  relativ e t o subject s wh o wer e 

encourage d t o us e a  systemati c rule-inductio n strateg y 

t o freely  explor e th e proble m space .  Ou r  result s 

suppor t  Sweller' s proposa l  tha t  means-end s analysi s 

lead s t o specifi c  knowledg e o f  a n isolate d solutio n path , 

but  doc s no t  provid e a n effectiv e metho d fo r  learnin g 

th e overal l  structur e o f  a  proble m space . 

Introduction 

A central problem in cognitive science is to identify the 

relationshi p betwee n proble m solvin g an d learning . 
Peopl e ca n lear n fro m solvin g problems ,  bu t  i t  i s 

unclea r  exactl y h o w learnin g take s plac e o r  wha t  i s 

learned .  Peopl e sometime s see m t o lear n littl e fro m a 

problem-solvin g episod e excep t  a  specifi c  solutio n t o a 
particula r  problem ;  ye t  o n othe r  occasion s peopl e 

acquir e m o r e genera l  knowledg e tha t  ca n b e applie d t o 

a wid e rang e o f  relate d problems .  W h a t  i s  th e 

difference ? 

G o al  Specificit y a n d R u l e Inductio n 

A particularly intriguing possibility is that some 

solutio n method s m a y b e effectiv e fo r  finding  solution s 

t o specifi c  problems ,  bu t  relativel y ineffectiv e i n 

promotin g abstractio n o f  mor e genera l  knowledg e tha t 

woul d suppor t  transfe r  t o nove l  bu t  relate d problems . 

A cas e o f  particula r  theoretica l  interes t  concern s th e 

rol e o f  means-end s analysi s i n learning .  S o m e theorie s 

of  learnin g hav e claime d tha t  means-end s analysis , 

whil e itsel f  a  wea k problem-solvin g metho d use d 

primaril y b y novices ,  i s  nonetheles s a  valuabl e steppin g 

ston e towar d expertise .  Accordin g t o thi s view , 

solution s fu-s t  generate d b y means-end s analysi s ar e 

subsequentl y compile d int o rule s tha t  allo w mor e 

efficien t  solution s t o b e foun d fo r  problem s simila r  t o 

th e origina l  on e (e.g. ,  Anderson ,  1987 ;  Larkin ,  1981) . 

Othe r  theorists ,  however ,  hav e argue d tha t  means -

end s analysi s an d simila r  problem-solvin g method s ca n 

actuall y imped e th e acquisitio n o f  genera l  rule s (e.g. , 

M a w er  &  Sweller ,  1982 ;  se e Holyoak ,  1991 ,  fo r  a  brie f 

review) .  Means-end s analysi s ca n b e ̂ pl ie d t o well -

define d problem s wit h a  specifi c  goal ,  an d it s 

immediat e produc t  i s no t  a  genera l  rule ,  bu t  simpl y a 

solutio n pat h tha t  achieve s th e immediat e goal .  W e 

wil l  ter m a  strateg y tha t  achieve s a  specifi c  goa l 

withou t  necessaril y  yieldin g genera l  rule s a  non-rule -

inductio n (NRI )  strategy .  I n contrast ,  othe r  learnin g 

strategie s ca n operat e o n ill-define d proble m situation s 

tha t  lac k a  specifi c  goal .  I n th e absenc e o f  a  specifi c 

goal ,  fre e exploratio n o f  a  proble m spac e m a y yiel d 

genera l  rule s abou t  stat e transitions ,  whic h ca n late r  b e 
use d t o achiev e a  relativel y wid e variet y o f  goals ,  thu s 

promotin g transfe r  t o a  famil y o f  simila r  problems . 

We wil l  ter m a  strateg y tha t  focuse s directl y o n rul e 

acquisition ,  rathe r  tha n o n achievemen t  o f  a  specifi c 

goal ,  a  rule-inductio n (RI )  strategy . 

Swelle r  an d coworker s foun d evidenc e tha t  peq)l e 

wit h a  non-specifi c  goa l  gaine d mo r e knowledg e abou t 

a tas k tha n di d peopl e wit h a  specifi c  goa l  (e.g. , 
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SweUer.  1988 ;  SweUer ,  Mawer ,  &  Ward ,  1982) .  The y 

interprete d thei r  result s a s evidenc e tha t  differen t 

learnin g strategie s wer e applie d dependin g o n goa l 

specificity .  Fo r  example ,  subject s i n on e sc l  o f 

experiment s involvin g solvin g geometr y problem s wer e 

provide d wit h partia l  informatio n abou t  th e angle s an d 

side s o f  a  triangle ,  an d wer e aske d eithe r  t o calculat e a 

particula r  angl e (specifi c  goal) ,  o r  els e t o calculat e al l 

possibl e angle s an d side s (non-specifi c  goal) . 

However ,  bot h group s ha d t o calculat e th e sam e side s 

and angles .  Subject s w h o receive d th e non-specifi c 

goal  instniction s wer e subsequentl y mor e successfu l  i n 

solvin g transfe r  problems . 

Such evidenc e suggest s tha t  non-specifi c  goal s 

encourag e us e o f  R I  strategies ,  whic h promot e 

acquisitio n o f  mor e genera l  knowledg e abou t  th e 

structur e o f  a  proble m space .  However ,  R I  strategie s 

ca n var y i n thei r  effectiveness .  Peopl e diffe r  i n th e 

degre e o f  systematicit y wit h whic h the y formulat e an d 

tes t  thei r  hypotheses ,  an d thos e w h o formulat e 

hypothese s i n a  task-appropriat e an d testabl e wa y 
generall y gai n mor e knowledg e (e.g. ,  Dunbar ,  1993 ; 

Klah r  &  Dunbar ,  1988 ;  Klahr ,  Fay ,  &  Dunbar ,  1993) . 
I n general ,  di e optima l  strateg y fo r  testin g hypothese s 

abou t  th e influenc e o f  multipl e factor s o n on e o r  mor e 

dependen t  variable s i s th e V O X A T (var y on e rhin g a t  a 
time )  strateg y (Tschirgi ,  1982) ,  i n whic h on e facto r  i s 

varie d whil e th e other s ar e hel d constant .  Thi s R I 
strateg y i s centra l  t o experimenta l  desig n i n science . 

Th e presen t  stud y wa s designe d t o investigat e th e 
rol e o f  goa l  specificit y an d learnin g strategie s i n th e 
acquisitio n an d transfe r  o f  knowledg e abou t  a  comple x 

dynami c system .  Th e learnin g domai n wa s chose n 
becaus e i t  i s  especiall y suitabl e fo r  investigatin g th e 
interrelationship s betwee n proble m solvin g an d 
hypothesi s testing .  B y manipulatin g bot h goa l 

specificit y an d th e systematicit y o f  subjects '  hypothesis -

testin g strategies ,  w e attempte d t o determin e whethe r 
an ^fR I  strateg y o r  a n R I  strateg y i s mos t  effectiv e i n 
promotin g learnin g an d transfer .  Ou r  hypothesi s wa s 

tha t  whil e a n N R I  strateg y woul d b e adequat e fo r 
achievin g a  specifi c  goal ,  a  systemati c R I  strategy , 

V O T A T,  woul d b e mor e effectiv e fo r  acquirin g genera l 
structura l  knowledg e abou t  th e domain ,  resultin g i n 
greate r  transfe r  t o simila r  problem s wit h differen t  goa l 

states . 

Biology Lab: A Dynamic Problem Environment 

Since the early 1980s, researchers have used computer-
simulate d scenario s t o stud y comple x proble m solvin g 
(fo r  a  revie w se e Funke ,  1991) .  Thes e task s ar e 
relativel y complex ,  a s multipl e variable s hav e t o b e 
manipulate d i n orde r  t o achiev e multipl e goal s 

simultaneously .  I n th e presen t  stud y w e use d a 

computer-drive n dynami c proble m environmen t  w e 

terme d biolog y lab ,  constructe d usin g th e shel l 

D Y N A M IS (Funke ,  1991) .  I n ou r  cove r  story ,  subject s 

wer e tol d tha t  the y wer e i n a  biolog y la b i n whic h ther e 

i s a  tan k wit h fou r  specie s o f  se a anima l  (crabs , 

prawns ,  lobsters ,  se a bass) .  Tlies e specie s ar e affecte d 

by fou r  inpu t  variable s (temperature ,  salt ,  oxygen , 

current) .  Th e structur e o f  th e environment ,  illustrate d 

i n Figur e 1  (whic h wa s neve r  show n t o ou r  subjects) , 

was suc h tha t  tw o o f  th e output s (prawns ,  crabs )  ar e 

relativel y simpl e t o manipulat e becaus e eac h i s 

influence d b y onl y on e inpu t  (a s show n b y relation s I 

and II ,  respectively) .  Th e othe r  tw o ouq)ut s ar e mor e 
complex ,  becaus e eac h i s influence d b y tw o factors . 

O ne outpu t  (se a bass )  i s affecte d b y tw o inputs ,  an d th e 

othe r  (lobster )  i s  affecte d b y a  deca y facto r  (marke d a s 

a circl e connecte d t o th e output )  i n additio n t o a  singl e 

inpu t  variable .  Th e deca y facto r  wa s implemente d b y 

multiplyin g a n outpu t  b y a  constan t  negativ e facto r  o n 

eac h trial .  Deca y i s a  dynami c aspec t  o f  th e system , 

becaus e i t  yield s stat e change s eve n i f  ther e i s n o inpu t 

(i.e. ,  al l  input s ar e se t  t o zero) .  Th e syste m i s thu s 
comple x i n tha t  i t  involve s multipl e inpu t  variable s 

tha t  mus t  b e manipulate d t o contro l  multipl e outpu t 

variables ,  an d dynami c i n tha t  th e stat e o f  th e syste m 

change s a s a  join t  functio n o f  externa l  input s an d 

interna l  decay . 

ten^eratur e 

sal t 

oxyge n 

cunen t 

prawn s 

sea bas s 

lobste r 

0 

crab s 

Figur e 1 .  Structur e o f  th e sys te m fo r  th e "biolog y lab" . 

We used the biology-lab task to test the influence of 
goa l  specificit y o n subjects '  representation s o f  th e 
system ,  thei r  accurac y i n solvin g a  specifi c  initia l  goal , 
a n d thei r  abilit y t o ti-ansfer  thei r  k n o w l e d g e t o simila r 
p rob lem s wit h differen t  goals .  W e predicte d tha t 
subject s give n a  specifi c  goa l  w o u l d us e a n N R I 

sti-ateg y tha t  w o u l d suffic e t o achiev e th e g ive n goal , 
bu t  w o u l d yiel d a  poore r  representatio n tha n w o u l d b e 
achieve d b y subject s give n a  non-specifi c  goa l  coup le d 
wit h instructio n i n a n opt ima l  R I  sti-ategy ,  V O T A T . 

917 



Th e mor e complet e representatio n o f  th e syste m 

attaine d b y th e latte r  subject s wa s expecte d t o lea d t o 

mor e effectiv e transfe r  t o othe r  biology-la b problem s 

wit h altere d goals . 

A Study of Learning in a Dynamic 

E n v i r o n m e n t 

Method 

Subjects: Sixty undergraduate students at the 

Universit y o f  California ,  Lo s Angeles ,  participate d fo r 

cours e credi t 

Design: The experiment included four conditions, 

define d b y th e factoria l  combinatio n o f  tw o level s o f 

goa l  specificit y (specifi c  vs .  non-specific )  an d tw o 
level s o f  strateg y instructio n (instructio n t o us e 

V O T AT vs .  n o suc h instruction) .  Fiftee n subject s 

serve d i n eac h condition . 

Procedure: The biology-lab problem required subjects 

on eac h tria l  t o se t  th e level s o f  th e fou r  inpu t  variable s 

an d observ e th e resultin g value s o f  th e outpu t  variable s 

(number s o f  eac h o f  fou r  specie s o f  se a animals) .  Th e 

underlyin g structur e o f  th e syste m wa s a s depicte d i n 

Figur e 1 .  Eac h serie s o f  si x trial s wa s define d a s a 

"round" ,  a t  th e beginnin g o f  whic h th e syste m wa s se t 

t o a  specifi c  state .  Al l  subject s receive d thre e initia l 

explorator y round s followe d b y a  fourt h roun d i n whic h 

the y wer e aske d t o produc e a  specifi c  goa l  stat e 

(namely ,  5 0 crabs ,  40 0 prawns ,  90 0 lobsters ,  an d 70 0 

sea bass) .  Subject s i n th e specific-goa l  conditio n wer e 

informe d o f  thi s goa l  fro m th e outse t  o f  roun d 1 ,  an d 

thu s ha d a  tota l  o f  fou r  round s t o achiev e th e goal .  I n 

contrast ,  subject s i n th e non-specific-goa l  conditio n 
wer e no t  give n an y specifi c  goa l  unti l  roun d 4 .  I n 

round s 1-3 ,  thes e subject s wer e simpl y aske d t o se t 

input s an d observ e ouq)ut s i n orde r  t o figure  ou t  ho w 

th e system  works . 

Befor e startin g t o manipulat e th e syste m o n th e 

compute r  al l  subject s receive d genera l  instruction s 

abou t  th e task .  I n addition ,  subject s i n th e strategy -

instructe d grou p wer e give n writte n instruction s 

explainin g th e optima l  strateg y ( V O T A T )  o f  varyin g 

jus t  on e variabl e a t  a  time ,  settin g th e remainin g 

variable s t o zero .  Subject s i n th e strategy-uninstructe d 

grou p receive d n o advic e o n h o w t o explor e th e system . 
Afte r  eac h roun d o f  th e explorator y phas e (round s 1-3) , 

subject s complete d a  "structur e diagram" ,  i n whic h 

subject s indicate d h o w the y believe d th e inpu t  variable s 

affec t  th e outpu t  variables .  The y wer e provide d wit h a 

diagra m showin g th e input s an d output s a s i n Figur e 1 , 

but  wit h al l  link s omitted .  Th e subjects '  tas k wa s t o 

dra w link s betwee n variable s tha t  the y believe d t o b e 

dependent ,  an d als o t o assig n weight s indicatin g ho w 

stron g the y fel t  eac h inOuenc e was . 

I n roun d 4 ,  al l  subject s wer e presente d wit h a 

specifi c  goa l  state .  Thi s goa l  stat e wa s th e sam e a s tha t 

whic h thos e i n th e specific-goa l  grou p ha d ha d 

throughou t  th e explorator y phas e (round s 1-3) . 

Finally ,  i n roun d 5  al l  subject s wer e aske d t o achiev e a 

differen t  goa l  stat e (namely ,  25 0 crabs ,  20 0 prawns , 

100 0 lobsters ,  an d 35 0 se a bass )  tha t  wa s ne w t o 

subject s i n al l  conditions .  Performanc e o n thi s ne w 

goal  provide d a  measur e o f  th e degre e t o whic h 

learnin g ove r  round s 1- 4 yielde d ti^ansfer  t o a  nove l 

proble m draw n fro m th e sam e proble m space .  Th e 

entir e experimen t  too k a n hou r  t o complete . 

Results 

Dependen t  variables :  Thre e dependen t  variable s 

wer e analyze d t o provid e evidenc e o f  learnin g an d 

transfer .  (1 )  Structur e score .  Th e stiuctur e diagra m 

complete d b y al l  subject s afte r  eac h o f  th e first  thre e 

round s wa s use d t o deriv e a  scor e reflectin g degre e (r f 

knowledg e o f  th e underiyin g stiuctur e o f  th e system . 

Thi s stiuctur e scor e wa s compute d a s tiie  su m o f  tiie 

number  o f  correc t  specification s o f  links ,  directions , 

and weights ,  adjuste d wit h a  correctio n fe w guessin g 

(se e Woodwort h &  Schlosberg ,  1954 ,  p .  700) .  Becaus e 

tiie  stiuctur e scor e afte r  roun d 3  wa s mos t  informativ e 

abou t  subjects '  knowledg e a t  th e en d o f  th e initia l 
learnin g phase ,  thi s scor e wa s use d i n al l  analyse s 

reporte d here .  (2 )  Solutio n error .  Solutio n erro r  i n 

reachin g th e specifi c  goa l  stat e durin g roun d 4  wa s 

compute d a s di e su m o f  th e absolut e difference s 

betwee n tiie  targe t  an d tiie  obtaine d numbe r  fo r  eac h er f 

th e fou r  outpu t  variables .  A s thi s measur e produce d a 

skewe d distribution ,  th e varianc e wa s correcte d b y 

applyin g a  logarithmi c transformation .  Solutio n erro r 

was compute d fo r  eac h o f  th e si x trial s tiiat  comprise d 

roun d 4 ,  i n orde r  t o determin e ho w quickl y subject s 

wer e abl e t o approac h th e targe t  goal .  A s tiiere  wa s n o 

differenc e i n performanc e betwee n trial s th e mea n 
erro r  fo r  tiie  si x trial s wa s used .  (3 )  Transfe r  error . 

Transfe r  erro r  i n achievin g th e ne w goa l  introduce d i n 

roun d 5  wa s measure d i n exacti y th e sam e wa y a s 
solutio n erro r  i n roun d 4 . 

Preliminary analyses. Preliminary analyses were 

performe d t o determin e whethe r  ou r  measure s er f 

learnin g wer e systematicaU y related ,  an d whetiie r  di e 

manipulatio n o f  subjects '  learnin g strateg y b y 

insmiction s ha d bee n effective .  I f  th e structur e scor e 

derive d fro m subjects '  completion s o f  structur e 
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diagram s i n roun d 3  provide s a  vali d assessmen t  o f 

what  the y ba d learne d abou t  th e system ,  the n th e 

structur e scor e woul d b e expecte d t o correlat e inversel y 

wit h solutio n erro r  measure d o n roun d 4  an d transfe r 

erro r  o n roun d 5 .  Thi s wa s indee d th e case .  Subject s 

wit h highe r  structur e score s produce d lowe r  solutio n 

erro r  w h e n the y ba d t o reac h th e goa l  stat e i n roun d 4 , 

r  =  -.50 ,  p  <  .001 ,  a s wel l  a s lowe r  transfe r  erro r  i n 

rounds ,  r= - .58 ,p< .001 . 
We als o teste d whethe r  ou r  manipulatio n o f  learnin g 

strateg y b y instruction s wa s successful .  W e examine d 

subjects '  pattern s o f  setting s fo r  th e fou r  input s t o 

determin e thei r  basi c strategy .  Subject s wer e classifie d 

as tryin g t o reac h th e goa l  stat e (NR I  strategy )  whe n 

tw o criteri a wer e met :  1 )  a t  leas t  on e o f  th e fou r  outpu t 

state s fo r  th e specifi c  goa l  wa s reached ;  an d 2 )  the y 

displaye d a  patter n o f  graduall y comin g close r  t o th e 

goa l  (a s oppose d t o directl y calculatin g th e correc t 

outpu t  value) .  I n contrast ,  subject s wer e classifie d a s 
usin g th e R I  strateg y o f  V O T A T i f  o n a t  leas t  fou r  ou t 

of  th e si x trial s o f  a  roun d the y se t  th e patter n o f 
varyin g a  singl e inpu t  whil e settin g th e remainin g 

thre e input s t o zero .  Othe r  strategie s (e.g. ,  varyin g 

multipl e input s a t  once )  forme d a  heterogeneou s se t 

Thes e additiona l  pattern s wer e difficul t  t o classif y 
firml y a s N R I  o r  R I  strategies .  Eight y percen t  o f  al l 

subject s i n th e strategy-instructe d condition s followe d 

th e V O T A T strateg y i n th e firs t  round .  Figure  2  show s 

ho w th e goa l  condition s influence d th e percentag e o f 
strategy-instructe d subject s usin g eac h n o n - V O T A T 

strateg y o n eac h round .  (Th e missin g percentag e 
reflect s subject s usin g V O T A T . )  Mos t  strategy -
instructe d subject s i n th e non-specific-goa l  conditio n 
continue d wit h th e V O T A T strateg y throug h roun d 3 . 

However ,  th e strategy-instructe d subject s w h o ha d a 
specifi c  goa l  exhibite d a  stron g tendenc y t o switc h 
fro m th e V O T A T strateg y t o a n N R I  strateg y tha t 

focuse s directl y o n reachin g th e state d goal .  Figur e 3 
shows th e sam e informatio n a s Figur e 2 ,  bu t  fo r 

strategy-uninstructe d subjects .  A s ca n b e see n fro m 
Figur e 3 ,  i n th e absenc e o f  stfateg y instruction s mos t 
subject s di d no t  spontaneousl y us e th e V O T A T 
strategy .  Givin g subject s a  goa l  t o reach ,  di d hav e a n 

effec t  o n strategies ,  however ,  a s man y subject s wit h a 
specifi c  goa l  use d a n N R I  strateg y wherea s n o subjec t 
i n th e non-specific-goa l  grou p eve r  use d tha t  strategy . 
I t  thu s appear s tha t  ou r  strateg y instructio n wa s indee d 

effectiv e i n promotin g us e o f  th e R I  strateg y o f 
V O T A T,  bu t  tha t  providin g a  specifi c  goa l  create d a 

stron g pressur e t o emplo y a n N R I  strategy . 

so 
70 

<• 
50 

% ofnibjectswin g 
Noo-VOTAT 

3 NRI 
heUrogcnoi M ie l 
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Influence of goal specificity and strategy on learning 

a n d transfer .  Subject s achieve d highe r  structur e 

score s w h e n give n a  non-specifi c  goa l  ( M =  2.35 ) 

rathe r  tha n a  specifi c  goa l  (A f  =  1.69) ,  F(1.56 )  =  15.5 , 
p <  .001 ;  an d w h e n give n instructio n i n th e V O T A T 

strateg y (A f  =  2.22 )  rathe r  tha n n o strateg y instructio n 
( M =  1.82) ,  F(l,56 )  =  5.87 ,  p  <  .05 .  T h e interactio n 
betwee n goa l  specificit y an d strateg y instructio n a s 

determinant s o f  structur e scor e w a s no t  significant .  I n 

addition ,  a s depicte d i n Tabl e 1 ,  subject s instructe d i n 
us e o f  th e V O T A T strateg y achieve d lowe r  solutio n 

erro r  i n roun d 4  ove r  al l  si x  trials ,  F(l ,56 )  =  4.9 ,  p  < 
.05 .  Solutio n erro r  di d no t  diffe r  a s a  functio n o f  goa l 
specificity ,  F(l,56 )  =  .35 .  A l thoug h subject s i n th e 
non-specific-goa l  conditio n achieve d greate r  overal l 

knowledg e o f  th e syste m structure ,  thos e i n th e 
specific-goa l  conditio n ha d thre e additiona l  round s o f 
practic e i n attainin g th e goa l  se t  fo r  al l  subject s i n 
roun d 4 .  Thes e offsettin g advantage s m a y explai n th e 

groups '  equa l  performance . 
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Tabl e 1 .  M e a n s an d variance s (i n parentheses )  fo r  th e 

thre e dependen t  variables . 

uninstructed / 

specifi c  goa l 

uninstructed / 

non-sp .  goa l 

instructed / 

specifi c  goa l 

instructed / 

non-sp .  goa l 

structur e 

scor e 

1.5 3 (.73 ) 

2.1 0 (.69 ) 

1.8 4 (.69 ) 

2.6 0 (.45 ) 

solutio n erro r 

4.1 0 (.96 ) 

3.6 9 (1.18 ) 

2.7 7 (2.89 ) 

2.5 2 (2.85 ) 

transfe r  erro r 

3.9 9 (1.08 ) 

3.5 8 (.87 ) 

3.2 2 (2.98 ) 

2.2 2 (2.90 ) 

T h e mos t  crucia l  result s concer n transfe r 

performanc e o n roun d 5 ,  w h e n a  goa l  tha t  wa s nove l  t o 

al l  subject s wa s introduced .  Thes e result s ar e show n i n 

Tabl e 1 .  A  2x2x 2 repeated-measure s A N O V A yielde d 

a marginall y significan t  three-wa y interactio n betwee n 

round ,  goa l  specificit y an d strateg y instruction ,  F(l,56 ) 

= 2.80 ,  p  <  .10 .  I n contras t  t o th e solutio n round ,  th e 

grou p tha t  receive d th e non-specifi c  goa l  i n round s 1-3 , 
couple d wit h instructio n i n th e V O T A T strategy , 

achieve d lowe r  erro r  score s o n th e transfe r  proble m 

tha n di d th e othe r  thre e group s combined ,  F(l,58 )  = 
4.54 ,  p  <  .05 .  Thu s althoug h subject s give n a  specifi c 

goal ,  w h o predominanU y use d a n N R I  learnin g 

strategy ,  wer e abl e t o effectivel y achiev e tha t  specifi c 

goal ,  the y wer e relativel y poo r  i n transferrin g thei r 

knowledg e t o a  simila r  proble m wit h a  n e w goal .  Th e 

combinatio n o f  lo w goa l  specificit y an d insu-uctio n i n 

th e V O T A T strateg y maximize d knowledg e o f  th e 

overal l  structur e o f  th e dynami c system ,  an d thereb y 
maximize d transfe r  t o th e n e w problem . 

Discussion 

The aim of the present study was to test alternative 

theorie s o f  th e relationshi p betwee n proble m solvin g 

an d acquisitio n o f  generalize d rules .  Th e biology-la b 

domain ,  a  comple x dynami c syste m involvin g multipl e 

inpu t  variable s tha t  mus t  b e manipulate d t o contro l 

multipl e outpu t  variables ,  provide d a  rich  environmen t 

i n whic h t o explor e th e influenc e o f  goa l  specificit y 

an d hypothesis-testin g strategie s o n learnin g an d 

transfer .  W e foun d tha t  providin g subject s wit h a 

specifi c  goa l  fro m th e outse t  o f  learnin g produce d a 

stron g tendenc y t o us e a  non-rule-inductio n strategy . 
T h e predominan t  strateg y fo r  suc h subject s wa s a 

varian t  o f  means-end s analysi s tha t  focuse d o n 
incrementall y reducin g th e differenc e betwee n obtaine d 

output s an d th e specifi c  goal .  Thi s strateg y wa s 

adequat e fo r  eventuall y solvin g th e particula r  goal ,  bu t 

was suboptima l  a s a  vehicl e fo r  discoverin g th e overal l 

structur e o f  th e system .  A s a  result ,  provisio n o f  a 

specifi c  goa l  impaire d eventua l  transfe r  t o a  ne w 

proble m draw n fro m th e sam e proble m spac e bu t 

involvin g a  differen t  goa l  state . 

Acquisitio n o f  th e structur e o f  th e syste m wa s 

fostere d bot h b y usin g a  non-specifi c  goa l  an d b y 

providin g explici t  instructio n i n a n optima l  rule -

inductio n strategy ,  V O T A T ,  whic h involve s varyin g a 

singl e facto r  a t  a  tim e whil e holdin g othe r  factor s 

constan t  a t  zero .  However ,  subject s w h o wer e give n a 

specifi c  goa l  tende d t o abando n th e V O T A T strateg y 

ove r  di e cours e o f  th e learnin g session ,  shiftin g t o a 

non-rule-inductio n strategy .  Subject s w h o wer e no t 

taugh t  th e V O T A T strateg y tende d t o us e eithe r  a  non -

rule-inductio n strateg y (i f  a  specifi c  goa l  wa s provided ) 

or  som e othe r  suboptima l  strateg y (i f  n o specifi c  goa l 

was provided) .  Thu s optima l  transfe r  performanc e 

require d a  combinatio n o f  a  non-specifi c  goa l  couple d 

wit h instructio n i n us e o f  a n effectiv e rule-inductio n 

strategy . 

Our  result s ru n counte r  t o theorie s o f  skil l 

acquisitio n tha t  stres s th e importanc e o f  learnin g fro m 

weak problem-solvin g method s a s a  mean s o f  inducin g 

genera l  rule s (e.g. ,  Anderson ,  1987 ;  Larkin ,  1981) .  I t 

i s  certainl y possibl e tha t  peopl e sometime s lear n 

genera l  rule s i n th e aftermat h o f  solvin g problem s b y 

variant s o f  means-end s analysis ;  however ,  a t  leas t  i n 

th e absenc e o f  prio r  knowledg e o f  th e domain ,  thi s 

approac h doe s no t  appea r  t o provid e a n optima l  pat h 

towar d eithe r  genera l  knowledg e o f  th e structur e o f  a 

comple x syste m o r  successfu l  transfe r  t o problem s wit h 

an altere d goal .  Rather ,  acquisitio n o f  syste m structur e 

i s fostere d t o a  greate r  exten t  b y fre e exploratio n o f  th e 
proble m space . 

I t  shoul d b e note d tha t  th e N R I  strateg y use d b y ou r 

subjects ,  althoug h goal-directed ,  di d no t  mee t  th e 
technica l  definitio n o f  means-end s analysi s (i.e. , 

removin g th e larges t  differenc e betwee n th e curren t 

stat e an d goa l  state ,  i n th e proces s recursivel y solvin g 
th e subproble m o f  gettin g fro m th e curren t  stat e t o tha t 

whic h satisfie s th e precondition s o f  require d 

operators) .  Thu s ou r  result s d o no t  directl y sho w tha t 

th e ful l  means-en d strateg y woul d fai l  t o promot e 

learnin g o f  overal l  proble m structure .  Nonetheless ,  th e 

presen t  N R I  strateg y di d involv e differenc e reductio n 

(i.e. ,  searc h i n whic h eac h ste p progresse s close r  t o th e 

specifie d goal) ,  whic h i s a  majo r  componen t  o f  means -
end s analysis .  I t  i s  possibl e tha t  th e ke y facto r  limitin g 

acquisitio n o f  overal l  structur e i s focu s o n a  specifi c 

goal ,  i n whic h cas e ful l  means-end s analysis ,  lik e th e 

N RI  strateg y use d b y ou r  subjects ,  woul d als o prov e 

relativel y ineffectiv e i n promotin g learning .  However , 

furthe r  researc h wil l  b e require d t o tes t  thi s possibility . 
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Anothe r  cavea t  concernin g th e presen t  finding s 

relate s t o th e fac t  tha t  ou r  stud y use d a  proble m domai n 

i n whic h ou r  subject s wer e complet e novices .  A 

differen t  patter n o f  result s migh t  emerg e i n a  proble m 

domai n fo r  whic h subject s hav e a  prio r  theor y o f  th e 

domain .  I n a  mor e knowledge-ric h domain , 

mechanism s o f  explanation-base d learnin g (e.g. , 

MitcheU ,  Keller ,  &  Kedar-Cabelli ,  1986 )  migh t  allo w 

peopl e t o for m generalization s o f  solution s initiall y 

obtaine d b y wea k methods ,  suc h a s means-end s 

analysis .  Cta e directio n fo r  futur e woi k woul d involv e 

manipulatin g domai n knowledg e togethe r  wit h 

subjects '  learnin g strategies ,  an d examinin g transfe r 

performanc e i n th e aftermat h o f  initia l  proble m 

solving . 

The presen t  result s ar e broadl y i n agreemen t  wit h 
th e findings  o f  Swelle r  an d hi s colleague s (Sweller , 

1988;  Mawer  &  Sweller ,  1982) ,  wh o als o foun d tha t 

reduce d goa l  specificit y yield s greate r  transfer .  Th e 

presen t  stud y increase s th e generalit y  o f  thi s conclusio n 

by demonstratin g simila r  result s i n th e domai n o f  a 
comple x dynami c system ,  a s oppose d t o th e stati c 

mathematica l  domain s primaril y use d i n earlie r 

studies .  I n addition ,  th e presen t  stud y goe s beyon d 

previou s wor k i n identifyin g th e interactiv e 

relationshi p betwee n hypothesis-testin g strateg y an d 

th e impac t  o f  reduce d goa l  specificity .  I n a  comple x 
tas k environmen t  suc h a s di e biolog y lab ,  colleg e 

student s ar e no t  generall y prepare d t o mak e 
spontaneou s us e o f  a n effectiv e rule-inductio n strategy , 
even whe n the y ar e give n a  non-specifi c  goal .  I t  i s 

therefor e importan t  t o provid e instructio n i n th e us e o f 

suc h a  strateg y i n orde r  t o allo w maximu m benefi t 
fro m fre e exploratio n o f  th e proble m space .  I t  i s  no t 
enoug h t o simpl y "wander "  throug h a  haphazar d serie s 

of  input-outpu t  relations ;  rather ,  effectiv e learnin g 

depend s o n systemati c investigatio n o f  controlle d 

variation s i n th e inputs .  Ou r  result s thu s hav e 
importan t  educationa l  implication s fo r  designin g 
effectiv e technique s fo r  encouragin g problem-base d 
learnin g i n comple x domains . 
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