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Abstrac t 
Whil e recen t  studie s hav e demonstrate d variou s way s 
tha t  transfe r  migh t  b e achieve d i n a  domain ,  th e 
measure s use d t o asses s transfe r  rarel y stra y fro m lim e 
and erro r  data .  Thi s pape r  examine s transfe r  i n th e 
comple x skil l  o f  compute r  programmin g i n orde r  t o 
explor e mor e flexibl e an d sensitiv e method s o f 
assessin g transfer .  I n th e experiment ,  subject s wrot e 
bot h a  P A S C A L an d a  L IS P versio n o f  tw o 
programmin g problems .  Althoug h a  simpl e accurac y 
measur e provide s evidenc e fo r  knowledg e transfe r 
betwee n th e tw o programmin g languages ,  measure s 
base d o n analyse s o f  th e tas k domai n (i.e. ,  partial -
credi t  accuracy ,  strateg y use )  provid e muc h stronge r 
evidence .  Curiously ,  thes e measure s targe t  differen t 
subject s a s exhibitin g transfer ,  suggestin g tha t  mor e 
tha n on e typ e o f  knowledg e m a y b e availabl e fo r 
transfer . 

Introduction^ 

Transfe r  i s th e phenomeno n i n whic h knowledg e o r  skill s 
learne d i n on e contex t  affec t  th e learnin g o r  performanc e o f 
anothe r  task .  No t  to o lon g ago ,  a n articl e o n transfe r 
woul d star t  wit h a n argumen t  fo r  wh y transfe r  migh t  b e 
foun d betwee n tw o domain s an d en d wit h inconclusiv e 
result s (Gra y &  Orasanu ,  1987) .  However ,  th e recen t 
literatur e ha s see n a  wav e o f  studie s demonstratin g th e 
variou s way s tha t  transfe r  ca n b e achieve d throug h carefu l 
analysi s o f  th e tas k domain s (e.g. ,  Single y &  Anderson , 
1990) . 

Whil e th e method s use d t o achiev e successfu l  result s 
hav e progressed ,  ther e ha s bee n littl e chang e i n th e way s 
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tha t  transfe r  i s measured .  I n a  typica l  experiment ,  subject s 
receiv e trainin g i n on e domai n an d the n ar e aske d t o 
perfor m task s i n anothe r  domain .  Evidenc e fo r  transfe r  i s 
reporte d whe n subject s perfor m th e transfe r  tas k eithe r  faste r 
or  mor e accuratel y tha n subject s withou t  th e benefi t  o f 
training .  O n e reaso n fo r  thi s us e o f  tim e an d erro r  dat a 
migh t  b e becaus e transfe r  ha s bee n investigate d i n fairl y 
simple ,  structure d domain s (e.g. .  Towe r  o f  Hanoi :  Smith , 
1986 ;  tex t  editing :  Poison ,  Muncher ,  &  Engelbeck ,  1986) . 
Thos e studie s tha t  us e othe r  measure s o f  transfer ,  suc h a s 
subjects '  us e o f  a  particula r  problem-solvin g strategy ,  ten d 
t o involv e mor e comple x domain s lik e physic s an d algebr a 
(e.g. ,  Basso k &  Holyoak ,  1989) . 

Unlik e mos t  studie s o f  transfer ,  th e motivatin g questio n 
fo r  thi s researc h i s no t  "Doe s transfe r  occur? "  bu t  rathe r 
" H o w shoul d transfe r  b e assessed?" .  Thi s pape r  describe s 
an experimen t  investigatin g uansfe r  o f  compute r 
programmin g knowledge .  B y usin g compute r 
programmin g a s th e tas k domain ,  w e ca n explor e a  greate r 
variet y o f  transfe r  measure s tha n tha t  possibl e i n mor e 
structure d domains .  Compute r  programmin g ha s th e adde d 
advantag e tha t  althoug h i t  i s a  complex ,  semantically-ric h 
domain ,  i t  nevertheles s ha s bee n intensivel y analyze d b y 
many researcher s (Pennington ,  1985) .  Thes e prio r  analyse s 
for m a  basi s fo r  understandin g ho w transfe r  migh t  occu r  i n 
th e compute r  programmin g domain . 

Becaus e th e motivatio n fo r  thi s wor k i s a n interes t  i n th e 
natur e o f  an y knowledg e transfe r  tha t  migh t  occur ,  th e idea l 
experimenta l  tas k woul d b e on e i n whic h th e subject s ar e 
likel y t o tr y an d us e previousl y generate d knowledge .  A s 
discusse d b y Gic k &  Holyoa k (1987) ,  whe n th e surfac e 
characteristic s o f  tw o task s ar e ver y similar ,  i t  i s likel y tha t 
subject s wil l  attemp t  t o us e informatio n learne d fro m on e 
tas k whil e solvin g th e secon d task .  Thus ,  i n th e 
experiment ,  subject s wer e aske d t o writ e tw o version s o f 
th e sam e programmin g problems ,  th e version s differin g 
onl y i n th e require d implementatio n language ,  P A S C A L o r 
LISP . 

Most  model s o f  programmin g skil l  woul d predic t  tha t 
transfe r  shoul d occu r  i n thi s situation .  W h e n writin g a 
program ,  typicall y a  programme r  devise s som e initia l 
menta l  pla n o f  ho w th e progra m shoul d work ,  the n begin s 
implementin g tha t  plan .  Throug h th e proces s o f  codin g th e 
program ,  difficultie s wit h th e pla n m a y b e uncovered , 
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requirin g th e pla n t o b e refine d o r  change d (Green ,  1987) . 
The fina l  resul t  o f  thi s processin g i s no t  onl y a  program , 
but  als o th e refine d pla n fo r  writin g th e program ,  th e latte r 
of  whic h form s th e programmer' s menta l  representatio n o f 
th e just-writte n progra m Thi s representatio n i s  ofte n 
characterize d a s containin g abstrac t  knowledg e independen t 
of  th e particula r  compute r  languag e use d t o implemen t  th e 
progra m (Rist ,  1989) . 

The programmer' s representatio n serve s a s th e startin g 
poin t  fo r  th e implementatio n o f  th e secon d versio n o f  th e 
progra m i n th e ne w language .  Th e codin g o f  th e secon d 
versio n proceed s a s i f  thi s transferre d informatio n wer e th e 
initia l  pla n develope d specificall y fo r  th e secon d version . 
As a  result ,  i n codin g th e secon d version ,  transfe r  shoul d 
occu r  becaus e th e program' s pla n nee d no t  b e generate d 
fro m scratch .  Thi s notio n o f  transfe r  o f  plannin g 
knowledg e i s  supporte d b y verba l  protoco l  dat a (Katz , 
1988) .  Subject s mak e les s verbalization s referrin g t o th e 
progra m pla n whil e writin g th e secon d versio n o f  a 
program ,  bu t  produc e a n equa l  numbe r  o f  verba l  statement s 
referrin g t o th e actua l  progra m cod e fo r  bot h version s o f  a 
program . 

Method 

Subjects .  Subject s wer e 2 1 student s wh o ha d jus t 
complete d a  fou r  wee k LIS P mini-course .  Al l  subject s ha d 
alread y know n P A S C A L befor e enterin g th e LIS P course . 

Materials. Subjects were given two problems, called 
Prinmum s an d Addfract ,  an d wrot e a  LIS P an d P A S C A L 
versio n o f  eac h problem .  Th e Printnum s proble m wa s t o 
writ e a  progra m tha t  translate s a  give n numbe r  betwee n 1 
and 99 9 int o it s  correspondin g words .  Thus ,  i f  give n 
"115, "  th e progra m shoul d outpu t  " O N E H U N D R ED 
FIFTEEN. "  Subject s wer e provide d wit h function s tha t 
returne d th e appropriat e units- ,  teens ,  o r  tens-wor d give n a 
digi t  (e.g. ,  th e tens-wor d functio n returne d "FIFTY "  whe n 
give n "5") .  Th e Addfrac t  proble m wa s t o writ e a  progra m 
tha t  accept s tw o fraction s i n numerator-denominato r  for m 
and return s th e reduce d su m o f  th e fractions ,  als o i n 
numerator-denominato r  form .  Thus ,  give n " 5 /  6 "  an d " 7 / 
15 "  th e progra m shoul d retur n "1 3 /  10. "  Preliminar y 
analyse s reveale d tha t  thes e tw o problem s ar e o f 
approximatel y equa l  difficulty . 

Design. As stated above, all subjects wrote both LISP 
an d P A S C A L version s o f  th e tw o problem s — fou r 
program s total .  Th e orderin g o f  th e actua l  problem s 
receive d wa s counter-balanced .  Thus ,  whe n discussin g th e 
results ,  th e particula r  seria l  orde r  o f  program s wil l  no t  b e 

considered. ^ 

Procedure .  Afte r  writin g tw o simpl e warm-u p program s 
(on e eac h i n P A S C A L an d LISP) ,  subject s wer e give n th e 
firs t  proble m description .  Th e program s wer e writte n usin g 
a standar d scree n editor ,  an d subject s wer e abl e t o les t  thei r 
program s wheneve r  the y wished .  I f  a  subjec t  di d no t  writ e 
a workin g progra m withi n 3 0 minutes ,  th e subjec t  wa s 
stoppe d an d the n give n th e instruction s fo r  th e nex t 
problem .  Thus ,  a t  th e most ,  th e experimen t  laste d 
approximatel y 2. 5 hours ,  includin g th e warm-u p exercises . 

Results and Discussion 

Whil e subject s overal l  ha d troubl e writin g perfectl y 
workin g program s (approximatel y 6 5 % o f  th e program s 
wriae n di d no t  execut e perfectly) ,  b y ignorin g synta x error s 
and mis-understanding s o f  th e proble m descriptions ,  ther e i s 
evidenc e fo r  knowledg e transfe r  betwee n programmin g 
language s (Tabl e 1) .  Fo r  th e first  versio n o f  th e programs , 
onl y 4 8 % o f  th e program s wer e correct .  I n contrast ,  7 1 % 
of  th e secon d version s wer e correctl y written ,  an d thi s 
interactio n i s  significan t  b y a  chi-square d tes t  (x^(l )  = 
4.94 ,  p<.05) .  Clearly ,  subject s gaine d knowledg e whil e 
writin g th e first  versio n o f  thei r  program s tha t  the y coul d 
appl y i n writin g th e secon d version . 

Considerin g th e closenes s o f  th e tw o tasks ,  however ,  i t 
i s  strang e tha t  s o littl e transfe r  occurred .  Onl y abou t  one -
quarte r  o f  th e subject s showe d th e expecte d accurac y 
improvement .  Overal l  accurac y migh t  no t  b e a  particula r 
sensitiv e measur e o f  transfer .  W e nee d mor e flexibl e 
assessment s o f  subjec t  performance ,  one s tha t  ar e base d o n 
an analysi s o f  th e problem-solvin g tasks . 

Firs t  Versio n 

Secon d Versio n 

Tabl e 1: 

Correc t 

20 

30 

Progra m 

Incorrec t 

22 

12 

accurac y 

^ A n additiona l  manipulatio n — whethe r  o r  no t  subjects ' 
previou s program s wer e availabl e fo r  referenc e — wa s 
include d i n thi s experiment ,  bu t  di d no t  affec t  an y o f  th e 

reporte d measures . 

Partia l  Credit .  Usin g a  partia l  credi t  schem e fo r 
scorin g accurac y provide s a  mor e sensitiv e measur e o f 
transfer .  Thirt y minute s turne d ou t  no t  t o b e enoug h tim e 
fo r  subject s t o writ e a  completel y workin g program .  Thus , 
some o f  th e program s writte n b y subject s wer e incomplet e 
(i.e. ,  missin g som e essentia l  component(s )  o f  a  workin g 
algorithm) .  However ,  i f  subject s reuse d thei r  knowledg e i n 
writin g th e secon d versio n o f  a  program ,  the n the y shoul d 
hav e bee n abl e t o progres s furthe r  i n writin g th e secon d 
versio n tha n the y di d i n writin g th e first.  I n othe r  words , 
the y shoul d hav e bee n abl e t o "pic k u p wher e the y lef t  of f 
writin g th e first  version . 

I n orde r  t o judg e th e completenes s o f  th e programs ,  a 
genera l  algorith m wa s enumerate d fo r  eac h o f  th e tw o 
problems ,  Printnum s an d Addfract .  A s a n example ,  th e 
Printnum s algorith m i s show n i n Tabl e 2 .  Whil e ther e ar e 
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alternativ e algorithm s fo r  th e problems ,  th e othe r 
algorithm s includ e approximatel y th e sam e piece s a s th e 
ones enumerated ,  excep t  i n a  differen t  order .  Th e part s o f 
th e algorith m tha t  th e subjec t  trie d t o achiev e wer e recorde d 
fo r  eac h subject' s program .  I t  wa s no t  necessar y fo r  a 
particula r  algorith m piec e t o b e completel y correc t  — th e 
importan t  poin t  i s  tha t  th e subjec t  trie d t o achiev e tha t 
piece .  Thi s scorin g o f  eac h progra m pai r  (firs t  an d secon d 
versions )  wa s don e b y a  judg e blin d a s t o whic h o f  th e tw o 
program s i n a  pai r  wa s actuall y writte n firsL 

M o r e Les s Bot h Full y 
P g m.  N a m e C o m p l e t e C o m p l e t e C o m p l e t e 

Printnum s 1 1 3  7 

Addfiac t  1 2 4  5 

Table 3: Partial credit analysis 

1.  ' 
2. : 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 

Get  numbe r 

[ s ther e a  hundred s digit ? 
Calculat e hundred s digi t 
Cal l  unit s functio n wit h abov e valu e 
PrintAmclud e resul t  o f  (4 ) 
Print̂ mclud e "hundred " 
Remove hundred s digi t 

I s ther e a  separat e ten s digit ? 
Calculat e ten s digi t 
Cal l  ten s functio n wit h abov e valu e 
Print/includ e resul t  o f  (10 ) 
Remove ten s digi t 
Handl e separato r  ("-" ) 

I s th e numbe r  a  teen ? 
Cal l  teen s functio n o n numbe r 
Print/includ e resul t  o f  (15 ) 

I s ther e a  unit s digit ? 
Cal l  unit s functio n o n numbe r 
Print/includ e resul t  o f  (18 ) 

Tabl e 2 :  Pr intnum s algorith m 

I f  subject s reuse d information ,  the n thos e subject s wh o 
wrot e a n incomplet e progra m fo r  th e firs t  versio n shoul d 
hav e writte n a  secon d versio n includin g al l  th e piece s o f  th e 
firs t  version ,  plu s som e more .  I n contrast ,  a  lac k o f 
transfe r  woul d sho w a s th e tw o version s bein g incomplet e 
i n differen t  ways .  Fo r  example ,  th e tw o version s migh t 
consis t  o f  differen t  pattern s o f  missin g an d implemente d 
algorith m pieces ,  o r  th e secon d versio n m a y b e mor e 
incomplet e tha n th e first .  Finally ,  i f  th e tw o version s ar e 
bot h complete ,  i t  i s  ambiguou s a s t o whethe r  o r  no t 
transfe r  ha s occurred . 

As show n i n Tabl e 3 ,  i n 7 7 % o f  th e unambiguou s case s 
(i.e. ,  excludin g th e "Bot h Full y Complete "  column) , 
subjects '  secon d versio n wa s mor e complet e tha n th e first 
version ,  eve n thoug h th e tw o version s wer e writte n i n 
differen t  compute r  languages .  Thi s resul t  i s  a  stron g 
indicatio n o f  knowledg e transfer ;  subject s use d informatio n 
learne d i n th e writin g o f  th e first  versio n whe n writin g thei r 
secon d versio n o f  th e progra m i n a  ne w language .  B y re -
usin g thi s knowledge ,  subject s buil t  o n wor k don e 
previousl y t o produc e a  mor e complet e program . 

Strateg y Use .  Anothe r  metho d fo r  assessin g transfe r 
i s t o observ e subjects '  us e o f  problem-solvin g strategies . 
I n th e simples t  case ,  possibl e strategie s woul d includ e on e 
correc t  metho d fo r  solvin g th e problem  an d severa l  incorrec t 
method s (e.g. ,  "balance "  vs .  'switch "  strategie s i n th e 
Missionaries-Cannibal s proble m an d it s isomorphs ; 
McDanie l  &  Schlager ,  1990) .  I n a  comple x domai n suc h 
as programming ,  ther e m a y b e a  numbe r  o f  strategie s tha t 
al l  lea d t o a  correc t  solution .  Eac h o f  thes e strategie s 
woul d resul t  i n program s wit h differen t  overal l 
organizations .  Fo r  investigatin g transfe r  o f  strateg y use , 
th e proble m Printnum s wa s analyze d becaus e subject s 
solve d thi s proble m i n tw o ver y differen t  ways . 

The firs t  algorith m use d t o solve d thi s proble m i s t o 
categoriz e th e give n numbe r  int o on e o f  a  se t  o f  mutuall y 
exclusiv e categories .  Fo r  example ,  som e subject s woul d 
categoriz e th e numbe r  a s eithe r  a  one ,  two ,  o r  thre e digi t 
number  an d the n d o th e appropriat e actions .  Th e importan t 
featur e o f  thi s solutio n i s that ,  a t  th e top-level ,  contro l  i s 
give n t o onl y on e se t  o f  actions .  Subject s usuall y 
implemente d thi s algorith m usin g a  single ,  neste d 
conditiona l  statement ,  s o thi s algorith m wil l  b e referre d t o 
as th e "nested "  conditio n structure . 

The secon d solutio n involve s breakin g th e numbe r  int o 
it s componen t  digit s an d performin g appropriat e action s fo r 
eac h o f  th e hundreds ,  ten s (o r  teens) ,  an d unit s digits . 
Control-flo w migh t  procee d wher e first  a  decisio n i s mad e 
abou t  th e hundred s digit ,  an d differen t  action s ar e performe d 
dependin g o n whethe r  o r  no t  tha t  digi t  i s  zer o (i.e. ,  i f  a 
hundred s digi t  exists) .  I n eithe r  case ,  however ,  contro l 
comes bac k togethe r  t o handl e th e remainin g tw o digit s o f 
th e number .  Th e distinguishin g characteristi c o f  thi s 
algorith m i s th e recombinatio n o f  control .  Subject s 
usuall y implemente d thi s algorith m usin g multiple , 
separat e conditiona l  statements ,  s o thi s algorith m wil l  b e 
referre d t o a s th e "separate "  conditio n structure . 

For  th e analysis ,  eac h o f  th e 2 1 pair s o f  program s 
writte n b y subject s wa s categorize d a s reflectin g eithe r  a 
neste d o r  a  separat e algorithm ,  o r  a s ambiguous .  A s 
describe d above ,  th e categorizatio n o f  a  progra m a s neste d 
or  separat e i s objective :  i f  th e progra m ha s a  single ,  top -
leve l  conditiona l  statement ,  i t  i s  categorize d a s nested .  I f  a t 
th e top-leve l  o f  th e progra m ther e ar e mor e tha n on e 
conditiona l  statements ,  th e progra m i s categorize d a s 
separate .  Ambiguou s program s wer e s o incomplet e tha t  a 
distinctio n betwee n th e algorithm s coul d no t  b e made . 
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T wo subject s wrot e on e ambiguou s progra m apiece ,  an d th e 
pair s o f  program s fro m thes e subject s wer e eliminate d fro m 

al l  furthe r  analyses ,  resultin g i n 1 9 pair s o f  programs . 
The argumen t  fo r  transfe r  i n thi s cas e goe s a s follows . 

Firs t  on e mus t  demonstrat e subjects '  preference s fo r  th e tw o 
algorithm s unde r  norma l  circumstances .  Tha t  is ,  withou t 
havin g writte n anothe r  progra m previously ,  whic h 
algorith m ar e subject s mor e likel y t o use ? W h e n writin g 

th e secon d version ,  transfe r  woul d b e eviden t  if ,  a s a  resul t 
of  writin g th e firs t  version ,  subject s sho w a  differen t 
patter n o f  biase s towar d th e tw o algorithms . 

For  th e first  version s o f  eac h progra m pair ,  ther e wa s a n 
effec t  o f  languag e o n algorith m choice .  A s show n i n Tabl e 
4,  subject s programmin g i n P A S C A L showe d a  stron g 
tendenc y t o us e a  separat e conditio n structur e whil e th e 
LIS P subject s showe d n o suc h preference .  Althoug h th e 
P A S C AL subjects '  bia s i s  significantl y differen t  fro m 
chanc e (X^(l)=6.4 ,  p<.025) ,  th e interactio n i s  onl y 
marginall y significan t  (x^(l)=2.9,p<.10) . 

PASCAL 

LIS P 

Neste d 

1 

4 

Separat e 

9 

5 

thei r  programs .  Th e measure s base d o n analyse s o f  th e 
programmin g problems ,  th e partia l  credi t  an d strateg y us e 
transfe r  measures ,  provid e muc h stronge r  an d unambiguou s 
evidenc e o f  transfe r  a s compare d wit h a  simpl e accurac y 
measure . 

Clearl y subject s ar e generatin g knowledg e whil e writin g 
thei r  first  version s tha t  the y ar e abl e t o us e i n writin g th e 
secon d version s o f  thei r  programs .  Thus ,  ther e shoul d b e a 
perfec t  correlatio n betwee n th e tw o measure s o f  transfer . 
Subject s w h o re-us e informatio n shoul d sho w transfe r  o n 
bot h measure s whil e othe r  subject s shoul d sho w a  lac k o f 
transfe r  n o matte r  ho w transfe r  i s assessed . 

As show n i n Tabl e 6 ,  thi s simpl e mode l  o f  transfe r  i s 
simpl y wrong ;  ther e i s n o evidenc e fo r  inter-dependenc e 
betwee n th e tw o measure s o f  transfer .  Approximately  hal f 
of  th e subject s w h o demonstrate d accurac y transfe r  i n th e 
partia l  credi t  schem e di d no t  demonstrat e strateg y transfe r 
— eve n thoug h th e subject s wrot e mor e complet e program s 
fo r  thei r  secon d versions ,  thos e program s di d no t  alway s 
reflec t  th e sam e algorith m a s wa s use d o n th e first  version . 
Th e sam e i s  tru e fo r  subject s w h o di d no t  demonstrat e 
accurac y transfer .  Finally ,  subject s w h o wrot e full y 
complet e program s fo r  bot h versions ,  an d thu s di d no t 
provid e evidenc e eithe r  fo r  o r  agains t  transfer ,  use d th e sam e 
algorith m eac h time . 

Tabl e 4 :  Conditio n structur e choice s i n eac h 
languag e (Firs t  Version ) 

As fo r  performanc e o n th e secon d program ,  subject s 
clearl y preferre d t o us e th e sam e structur e tha t  the y ha d use d 
on thei r  previou s program ,  eve n thoug h tha t  progra m wa s 
writte n i n a  differen t  languag e (Tabl e 5) .  I f  n o transfe r  ha d 
occurred ,  th e previousl y mentione d language-induce d biase s 
woul d hav e bee n eviden t  o n th e secon d progra m a s well . 
Instead ,  1 4 subject s kep t  th e sam e genera l  algorith m o n 
bot h programs ,  whil e onl y 5  subject s switche d t o th e othe r 
algorith m typ e (x^(l)=4.26 ,  p<.05) . 

Firs t  Versio n 

Neste d 

Separat e 

Secon d Versio n 

Neste d Separat e 

4 1 

4 1 0 

Tabl e 5 :  Conditio n structur e choice s fo r  eac h 
versio n 

So far ,  w e hav e see n evidenc e fo r  significan t  level s o f 
transfe r  alon g tw o fronts .  Subjects '  program s wer e mor e 
complet e o n th e secon d version s an d th e subject s tende d t o 
us e th e sam e method s fo r  implementin g eac h versio n o f 

Mor e Complet e 

Les s Complet e 

Bot h Full y 
Complet e 

Algorith m use d o n 
Firs t  v s Secon d Versio n 

S a me Differen t 

6 4 
1 1 
7 0 

Tabl e 6 :  Partia l  credi t  an d strateg y transfe r 

Th e tw o transfe r  measure s d o no t  correlat e probabl y 
becaus e the y ar e measurin g differen t  kind s o f  transfer . 
W h en writin g a  progra m i n on e language ,  subject s us e 
knowledg e previousl y generate d whil e writin g th e sam e 
progra m i n anothe r  language ,  bu t  tha t  knowledg e ma y 
consis t  o f  mor e tha n on e typ e o f  information .  Thi s i s a n 
importan t  resul t  becaus e mos t  transfe r  studie s attemp t  t o 
asses s onl y on e typ e o f  transferre d informatio n fo r  a  give n 
proble m situation .  Wha t  ar e th e tw o sort s o f  knowledg e 
tha t  ar e indicate d here ? 

Durin g programming ,  a  programme r  break s th e mai n 
goa l  o f  th e progra m int o a  se t  o f  les s complex ,  mor e 
manageabl e subgoals .  Throug h thi s activity ,  a  programme r 
ca n focu s o n implementin g jus t  certai n subgoals ,  whic h i s 
an easie r  tas k tha n tryin g t o kee p i n min d al l  o f  th e 
requirement s o f  th e programmin g proble m (Fisher ,  1986) . 
Furthermore ,  thes e subgoal s mus t  b e combine d s o a s t o 
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represen t  ho w th e progra m works .  Fo r  example ,  Kan t  & 
Newel l  (1984 )  argu e tha t  th e subgoal s ar e organize d i n a 
way representin g th e flow  o f  dat a throug h th e program . 
Thus ,  th e programmer' s representatio n shoul d consis t  o l  a t 
leas t  tw o kind s o f  information :  programmin g subgoal s an d 
th e wa y tha t  thos e subgoal s ar e organized .  McDanie i  & 
Schlage r  (1990 )  not e a  simila r  distinctio n i n thei r  stud y o f 
a Missionaries-Cannibal s isomorph .  Solvin g tha t  puzzl e 
involve s knowin g bot h th e correc t  genera l  strateg y an d th e 

particula r  move s neede d t o implemen t  th e step s (subgoals ) 
of  th e strategy . 

These tw o type s o f  progra m knowledg e ar e separatel y 
assesse d b y th e partia l  credi t  an d strateg y us e transfe r 
measures .  Throug h th e partial-credi t  measure ,  w e asses s 
whethe r  o r  no t  subject s transfe r  informatio n abou t  th e 
specifi c  subgoal s use d i n th e first  versio n o f  th e problem . 
The strateg y measur e show s whethe r  o r  no t  subject s 
Û ansfe r  informatio n abou t  ho w subgoal s ar e organized . 
Thus ,  th e assessmen t  method s base d o n analyse s o f  th e tas k 
domai n demonstrate d tha t  mor e tha n on e typ e o f  transfe r 
may occu r  i n a  singl e problem-solvin g situation . 
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