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Quanfen g W u &  Joh n R .  Anderso n 
Departmen t  o f  Psychology ,  Carnegi e Mello n Universit y 

Pittsburgh ,  P A 1521 3 

wu@psy.cmu.edu ,  anderson@psy.cinu.ed u 

Abstrac t 
T wo experiment s wer e conducte d t o investigat e 
knowledg e transfe r  fro m learne d programmin g language s 
t o learnin g ne w ones .  Th e firs t  experimen t  concerne d 
transfe r  fro m knowin g LIS P t o learnin g P R O L O G;  th e 
result s showe d tha t  subject s wh o kne w LIS P ha d 
significan t  advantage s ove r  subject s wh o di d not . 
Moreover ,  amon g th e subject s wh o kne w LIS P thos e wh o 
kne w LIS P bette r  seeme d t o lear n P R O L OG faster .  Th e 
secon d experimen t  studie d transfe r  fro m knowin g eithe r 
P A S C AL o r  P R O L OG t o learnin g LISP ;  attentio n wa s 
specificall y focuse d o n transfe r  o f  knowledg e o f  writin g 
recursiv e an d iterativ e program s i n thes e languages .  Th e 
result s indicate d tha t  P R O L OG programmers ,  wh o wer e 
usuall y mor e knowledgeabl e o n recursion ,  wer e mor e 
read y t o lear n th e recursiv e par t  o f  th e LIS P language . 
Some genera l  theoretica l  discussio n abou t  knowledg e 
transfe r  amon g programmin g language s i s als o presente d 
i n th e paper . 

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

Two kinds of knowledge transfer among programming 

language s ar e possibl e an d ca n b e separatel y studied .  On e i s 
proble m solvin g transfer ;  i t  involve s peopl e w h o alread y 
kno w bot h language s an d transfe r  knowledg e fro m solvin g 
a certai n proble m i n on e languag e t o tha t  i n th e other . 
Kat z (1988 )  an d W u &  Anderso n (i n preparation )  hav e 
reporte d som e evidenc e o f  transfe r  o f  thi s typ e amon g 
L ISP ,  P R O L O G,  an d P A S C A L ;  thes e studie s 
demonstrate d significan t  positiv e transfe r  amon g th e thre e 
languages .  Th e othe r  typ e i s learnin g transfer ;  i.e. ,  transfe r 
fro m knowin g on e o r  mor e programmin g language s t o 
learnin g a  ne w one .  Th e presen t  pape r  concern s thi s secon d 
type . 

Thi s articl e wil l  repor t  tw o experimenta l  studie s o f 
suc h transfer ,  independen t  fro m th e tutorin g work .  Th e firs t 
experimen t  investigate d learnin g transfe r  fro m LIS P t o 
P R O L O G.  Th e result s showe d significan t  positiv e transfer . 
Moreover ,  th e firs t  experimen t  als o reveale d tha t  subject s 
w ho kne w LIS P bette r  seeme d t o lear n P R O L OG faster . 
The secon d experimen t  studie d learnin g transfe r  fro m eithe r 
P A S C AL o r  P R O L OG t o LISP .  Thi s experimen t 
reinforce d th e evidenc e o f  positiv e transfe r  amon g th e thre e 
languages .  Also ,  i n thi s experimen t  attentio n wa s 
specificall y focuse d o n transfe r  o f  knowledg e o f  writin g 
tw o type s o f  repetitio n program s - -  namely ,  recursiv e an d 
iterativ e program s - -  amon g thes e languages .  Th e result s 
indicate d tha t  P R O L OG programmers ,  w h o wer e usuall y 
mor e knowledgeabl e o n recursion ,  wer e mor e read y t o 
maste r  th e recuriv e par t  o f  th e LIS P language . 

I t  i s ou r  convictio n tha t  commonalitie s i n knowledg e 

representatio n for m th e basi s fo r  transfer .  Tha t  is ,  i t  i s  th e 
c o m m on knowledg e share d b y tw o domain s tha t  make s 
transfe r  possibl e fro m on e domai n t o th e other .  P A S C A L , 
LISP ,  an d P R O L OG ar e generall y classifie d int o thre e 
differen t  categorie s o f  programmin g language s - -  namely , 
imperativ e (o r  procedural) ,  functional ,  an d logica l 
languages .  However ,  thes e thre e language s actuall y hav e a 
grea t  dea l  i n c o m m o n .  Thes e commonalitie s includ e 
simila r  basi c arithmeti c operation s an d predicates ,  an d 
simila r  basi c dat a type s an d operation s o n them .  Som e 
comparativ e analyse s abou t  coirunonalitie s share d b y th e 
thre e language s ar e give n i n W u &  Anderso n (i n 
preparation) .  Followin g th e analyse s there ,  i t  i s  reasonabl e 
t o expec t  tha t  learnin g transfe r  woul d occu r  amon g them , 
jus t  a s proble m solvin g transfe r  occurre d amon g them . 

Experimen t  1 :  Transfe r 
fro m LIS P t o P R O L OG 

As this experiment was to investigate learning transfer 
fro m knowin g L IS P t o learnin g P R O L O G,  th e 
experimenta l  desig n wa s basicall y a  between-subjec t  type . 
By comparin g th e learnin g performanc e o f  Know-LIS P an d 
Not-Know-LIS P subject s w e ca n stud y whethe r  an d t o 
what  exten t  LIS P experienc e woul d facilitat e learnin g 

PROLOG. 

Method 
Subjects .  2 4 subject s participate d i n th e experiment ; 

the y wer e recruite d fro m C M U (Carnegi e Mello n 
University) ,  eithe r  graduate s o r  undergraduates .  Amon g 
them ,  sixtee n kne w LIS P beforehan d an d th e res t  di d no t 
k n o w LISP .  F ro m th e informatio n gathere d fro m 
questionnaire ,  subject' s average d G R E / S A T mat h score s 
wer e 708 .  Fo r  thos e w h o kne w LISP ,  thei r  average d self -
rating s o f  LIS P proficienc y wer e 3.4 4 (alon g a  scal e fro m 
0 t o 5 )  an d thei r  self-rating s o f  P A S C A L proficienc y wer e 
3.6 3 (al l  o f  the m kne w P A S C A L ) .  A m o n g dios e wh o di d 
not  kno w LIS P onl y 6  kne w P A S C A L an d thei r  self -
ratin g o f  P A S C A L proficienc y wer e 2.67 .  Th e GRE/SA T 
mat h score s fo r  th e Know-LIS P conditio n an d th e Not -
Know-LIS P conditio n wer e comparable . 

D e s i g n .  Tabl e 1  show s th e desig n o f  th e 
experiment .  Ther e wer e thre e group s o f  subject s wit h 
eigh t  i n eac h group .  Th e subject s w h o kne w LIS P wer e 
divide d int o Grou p 1  an d CJrou p 2 ;  th e subject s wh o di d no t 
k n o w LIS P constitute d Grou p 3 .  Ther e wer e fou r 
experimenta l  sessions ,  roughl y abou t  tw o hour s fo r  each . 
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Grou p 1  an d Grou p 2  wer e treate d differentl y onl y i n 
Sessio n 4 :  on e grou p wa s show n LIS P solution s onl y o n 
odd-numbe r  problem s whil e th e othe r  wa s show n LIS P 
solution s onl y o n even-numbe r  problems .  Th e 
manipulatio n o f  Know-LIS P versu s Not-Know-LlS P wa s 

aime d t o ge t  a  globa l  measur e o f  h o w LIS P knowledg e 
facilitate s learnin g P R O L O G;  th e manipulatio n o f  show n 

versu s not-show n LIS P solution s wa s intende d t o ge t  som e 
specifi c  understandin g o f  h o w LIS P knowledg e help s 
P R O L OG programmin g o n som e particula r  problems . 
Thes e tw o manipulation s ca n b e see n a t  th e tw o differen t 
level s o f  transfe r  betwee n LIS P an d P R O L OG -  tha t  is , 
leanin g transfe r  an d proble m solvin g transfer . 

Tabl e 1 .  Th e desig n o f  Experimen t  fo r  transfe r  fro m knowin g L IS P t o learnin g P R O L O G. 

Know-LIS P condition s Not-Know-LIS P conditio n 

Grou p 1 Grou p 2 Grou p 3 

Sessio n 1 

Sesssion 2 

& Session 3 

Session 4 

Questionnaire ; 

T wo LIS P programmin g problem s fo r  pretestin g 

LIS P knowledge ;  Rea d introductor y materia l 

whic h i s base d o n LIS P knowledge . 

Use th e P R O L OG tutorin g syste m t o g o throug h 

a serie s o f  problem s coverin g basi c concept s an d 

synta x i n P R O L O G. 

Use rea l  P R O L OG environmen t  t o d o eigh t 

problems ,  mostl y dealin g wit h lis t  processing ; 

For  od d n  umbe r  problems .  Fo r  eve n n  umbe r 

shown LIS P solutions ; 

fo r  eve n numbe r 

problems ,  no t  show n 

LIS P solutions . 

problems ,  show n LIS P 

solutions ;  fo r  od d numbe r 

problems ,  no t  show n 

LIS P solutions . 

Questionnaire ; 

Read introductor y materia l  t o 

P R O L OG whic h i s independen t 

fro m LIS P knowledge . 

The sam e a s th e 

knew-LIS P conditions . 

The same as the 

knew-LIS P conditions ; 

No LISP solutions 
shovwi  a t  all . 

Material s an d Procedure .  I n Sessio n 1 ,  tw o 
LIS P programmin g problem s wer e use d a s a  pretes t  o f 
subject' s LIS P knowledg e fo r  Know-LIS P subjects . 
Subject s di d LIS P programmin g o n th e Andre w system ,  a 
campus networ k a t  C M U;  th e particula r  languag e versio n 
use d wa s CommonLisp .  Als o i n Sessio n 1 ,  al l  th e 
subject s wer e aske d t o rea d a n introductor y materia l  t o 
P R O L O G.  Fo r  mos t  o f  th e subject s participatin g i n th e 
experiment ,  tha t  wa s thei r  first  tim e expose d t o P R O L OG 
language ;  fe w o f  the m ha d alread y learne d som e concept s 
abou t  P R O L O G,  bu t  non e ha d eve r  actuall y programme d 
i n P R O L O G.  T w o differen t  kind s o f  instructiona l  material s 
wer e use d fo r  Know-LIS P subject s an d Not-Know-LIS P 
subjects .  Fo r  Know-LIS P subjects ,  th e materia l  wa s 
writte n b y th e author s base d o n a  compariso n o f  LIS P an d 
P R O L O G;  fo r  Not-Know-LIS P subjects ,  th e instructiona l 
materia l  wa s a  chapte r  take n Maye r  (1988 )  whic h assume s 
no prerequisit e knowledg e i n LISP . 

I n Sessio n 2  &  3 ,  subject s use d a  P R O L OG tutorin g 
syste m develope d her e i n th e Psycholog y Departmen t  a t 
C MU t o g o throug h a  serie s o f  problem s wit h th e purpos e 
of  reinforcin g thei r  knowledg e abou t  th e basi c concept s an d 
synta x o f  P R O L OG the y ha d studie d i n Sessio n 1 .  I n 
Sessio n 4 ,  subject s agai n use d th e Andre w syste m t o solv e 
eigh t  problem s i n a  rea l  P R O L OG environment ;  th e 
particula r  languag e versio n use d wa s C P R O L O G.  Sessio n 
4 wa s particularl y intende d a s a  post-tes t  o f  subject' s 

P R O L OG knowledg e learne d i n th e first  thre e sessions . 
The problem s wer e mostl y dealin g wit h lis t  processin g a s 
tha t  i s  a  prominen t  featur e o f  bot h LIS P an d P R O L O G. 
Thes e eigh t  problem s were :  Membership ,  Append ,  Attach , 
Reverse ,  Powerset ,  Binary-Code ,  Flatten ,  an d Skeleton ; 
structurally ,  th e odd-numbe r  problem s ar e isomorphi c t o 
th e following-u p even-numbe r  problem s (e.g. ,  Powerse t  t o 

Binary-Code) .  1 
W h en subject s wer e usin g rea l  LIS P o r  P R O L OG 

programmin g environment s o n th e Andre w system ,  the y 
had tw o window s -  on e wa s E M A CS edito r  windo w t o 
edi t  th e progra m an d th e othe r  wa s use d t o debu g an d tes t 
th e program .  Eac h tim e whe n the y mad e revision s t o th e 
progra m the y sav e th e progra m int o differen t  files  s o tha t 
di e experimente r  coul d kee p trac k th e significan t  error s 
made b y subject s u i  th e process . 

Results and Discussion 

Her e tw o measure s wer e use d fo r  th e compariso n mad e 
betwee n th e tw o group s o f  Know-LIS P subjects :  th e tota l 
proble m solvin g tim e an d th e algorithmi c similarit y 
betwee n th e showT i  LIS P solution s an d th e first  draft s o f 
subject' s P R O L OG programs . 

^  Th e problem s an d instructuctiona l  material s use d i n th e 
experimen t  ca n b e obtaine d b y writin g t o th e authors . 
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Figur e 1  show s th e mea n tota l  proble m solvin g 
time s subject s spen t  o n th e las t  si x problem s i n Sessio n 4 . 

Not e tha t  ther e ar e som e dramati c contrast s betwee n thes e 
tw o group s fo r  odd-numbe r  problems ,  bu t  les s dramati c 
contrast s fo r  even-numbe r  problems ;  thi s i s becaus e th e 
even-numbe r  problem s ar e isomorphi c t o th e just-previou s 
odd-numbe r  problems .  Thu s i n thi s experiment ,  w e no t 
onl y go t  th e result s o f  transfe r  fro m studyin g LIS P 
solutio n t o P R O L OG progranmiing ,  w e als o go t  th e 

manifestatio n o f  transfe r  betwee n isomorphi c problem s 
(However ,  sinc e thi s transfe r  i s  no t  th e primar y goa l  o f  th e 
presen t  study ,  i t  i s  no t  investigate d an y furthe r  here) .  T o 
tes t  th e statistica l  significanc e o f  th e data ,  a  three-wa y 2  X 
2 X 3 A N O V A (Shown/Not-show n LIS P solutions , 
Odd/Eve n problems ,  3  pair s o f  problems )  wa s performed . 
Tli e result s showe d significan t  mai n effect s du e t o whethe r 
or  no t  LIS P solution s wer e shown :  F(l ,  7 )  =  48.4 ,  p  < 
0.00 1 .  Averagin g th e dat a ove r  th e tw o group s an d th e si x 
problems ,  ther e wa s 4 2 % savin g o f  th e tota l  proble m 
solvin g tim e fo r  show n LIS P solution s tha n no t  show n 

LIS P solutions . 

. s 
> 

I 

i 

4J 

60-

50-

a 40^ 
c 

201 

10 

- * — Grou p 1 :  show n od d problem s 

-B — Grou p 2 :  shov̂ n eve n problem s 

1 
T 

2 3  4  5  6 
Proble m No . 

Figur e 1 .  Th e mea n proble m solvin g tim e 

of  tw o group s o f  know-LIS P subjects . 

With respect to the algorithmic similarity between 
LIS P an d PROLOG programs ,  w e fu-s t  brok e th e shov m 
LIS P program s int o basi c algorithmi c component s an d 
the n score d ho w man y o f  thes e basi c component s appeare d 
i n th e firs t  draft s o f  th e PROLOG program s writte n b y 
subjects .  B y suc h a  measur e w e ca n determin e ho w man y 
algorithmi c component s subject s importe d fro m th e show n 
LIS P solution s t o PROLOG programming .  Th e dat a fo r 
thi s measur e ar e presente d i n Figur e 2 .  Th e U-ansfe r  patter n 
of  th e result s i s th e sam e a s th e pattern s appearin g i n th e 
firs t  measure ;  thi s agai n demonstrate d significan t  U-ansfe r 
fro m th e show n L IS P solution s t o P R O L OG 
programming .  Again ,  a  three-wa y A N O V A wa s performe d 
on th e data ;  th e tes t  result s onc e mor e showe d significan t 
m am effec t  du e t o whethe r  o r  no t  LIS P solution s wer e 
shown :  F(l ,  7 )  =  47.53 ,  p  <  0.001 . 

The abov e tw o measure s largel y contribut e t o ou r 
understandin g o f  proble m solvin g transfe r  fro m particula r 

"Grou p 1 :  show n od d problem s 

•Grou p 2 :  show n eve n nrohlem s 

I 
§ 
CO 

a 

1. 0 
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1 2 3  4  5  6 

Proble m No . 

Figur e 2 .  Algorithmi c similaritie s betwee n 

shown LIS P solution s an d firs t  draft s o f 

P R O L OG program s b y Know-LIS P subject s 

LISP programs to PROLOG programming. To see 
th e effec t  o f  learnin g transfe r  o f  LIS P knowledg e upo n 
P R O L OG learning ,  w e use d th e proble m solvin g tim e fo r 
tw o comparisons :  on e betwee n Know-LIS P subject s versu s 
Not-Know-LIS P subjects ,  an d th e othe r  betwee n thos e wh o 
had stronge r  LIS P backgroun d versu s thos e wh o ha d 
weake r  LIS P backgroun d amon g Know-LIS P subjects . 
However ,  th e Not-Know-LIS P subject s onl y finishe d o n 
averag e 3. 5 problem s i n thi s session .  Thus ,  her e w e onl y 
use d th e proble m solvin g tim e fo r  th e firs t  thre e problems . 
Tabl e 2  sho w th e dat a fo r  thes e tw o comparisons ;  a s onl y 
si x Not-Know-LIS P subject s finishe d thre e o r  mor e 
problems ,  th e dat a presente d fo r  thi s conditio n wer e onl y 
average d ove r  them .  Fo r  Know-LIS P subjects ,  th e tw o 
classe s o f  Strong-LIS P an d Weak-LIS P wer e determine d b y 
th e mea n proble m solvin g tim e spen t  b y the m o n th e tw o 
LIS P pretes t  problems .  A s see n fro m th e data ,  Know -
LIS P subject s spen t  les s tim e o n solvin g al l  th e thre e 
problems ;  tha t  is ,  the y wer e learnin g faste r  tha n Not -
Know-LIS P subjects .  Th e result s als o indicate d tha t 
su-onge r  LIS P backgroun d helpe d subject s t o lear n 
P R O L OG faster .  Overall ,  thes e result s ten d t o indicat e 
tha t  LIS P knowledg e indee d facilitate s P R O L OG learning . 
However ,  a s th e questionnair e informatio n indicated ,  thos e 
w ho wer e goo d i n LIS P wer e usuall y als o goo d i n 
P A S C AL o r  othe r  programmin g languages ;  therefore ,  i n 
general ,  w e m a y sa y i t  i s  th e knowledg e o f  previousl y 
learne d language s whic h help s learnin g a  ne w 
programmui g language . 

Althoug h ther e wer e som e syntacti c interference s fro m 
LIS P knowledg e t o P R O L OG programmin g suc h a s 
confusin g lis t  convention s i n th e tw o languages ,  thes e 
interference s seeme d t o b e insignifican t  an d coul d b e 
avoide d b y payin g mor e attentio n i n bot h programmin g 
and debugging .  Stylistically ,  LIS P knowledg e als o seeme d 
t o mak e subject s com e u p wit h P R O L OG solution s whic h 
wer e mor e procedura l  tha t  the y migh t  hav e otherwise ,  an d 
le d t o othe r  confusion s suc h a s th e notion s o f  a  predicat e i n 
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P R O L OG an d a  functio n i n LISP .  However ,  thes e negativ e 
effect s coul d b e easil y overcom e b y consciou s practice .  T o 
some extent ,  sinc e ou r  introductio n t o P R O L OG base d o n 

LIS P ha s emphasize d th e difference s betwee n th e tw o 
languages ,  subject s wer e prepare d t o avoi d difficulties . 

Tabl e 2 .  Th e compariso n betwee n Know-LIS P an d Not-Know-LIS P subject s an d th e 

compariso n betwee n Strong-LIS P an d Weak-LIS P subjects . 

GRE/SAT 

Math score s 

Strong-LIS P 71 4 

Know-LIS P Weak-LIS P 74 0 

Not-Know-LIS P 71 0 

Lis p 

Experienc e 

41. 0 

79. 8 

Tim e fo r 

proble m 1 

16. 3 

35. 7 

53. 3 

Tim e fo r 

Proble m 2 

19. 5 

34. 5 

36. 8 

Tim e fo r 

Proble m 3 

30. 5 

45. 5 

55. 2 

Mean 

22. 1 

38. 6 

48. 4 

Experiinen t  2 :  Transfe r  f ro m 

P A S C A L / P R O L OG t o LIS P 

The purpose of this second experiment was to investigate 
learnin g u-ansfe r  fro m eithe r  P A S C AL o r  P R O L OG t o 
LISP .  Her e w e focuse d ou r  attentio n specificall y o n 
transfe r  o f  knowledg e o f  writin g repetitio n program s i n 
thes e languages .  I n eac h o f  thes e language s ther e ar e tw o 
ways o f  implementin g repetition ,  i.e. ,  iteratio n an d 
recursion .  However ,  i n P A S C AL iteratio n i s usuall y 
stresse d whil e i n P R O L OG recursio n i s usuall y 

emphasized. ^  W e woul d expec t  tha t  P A S C AL 
programmer s migh t  b e mor e read y t o transfe r  knowledg e o f 
iteratio n t o LIS P programmin g whil e P R O L OG 
programmer s migh t  b e mor e read y t o uansfe r  knowledg e o f 
recursio n t o LIS P programming .  Th e experimenta l  desig n 
used her e wa s specificall y aime d a t  testin g thi s hypothesis . 

Methods 
Subjects .  9  subject s participate d i n thi s experiment . 

They wer e al l  fro m C M U;  amon g the m 2  wer e 
undergraduate s an d 7  wer e graduates .  Eigh t  o f  the m kne w 
PASCAL befor e takin g par t  i n th e experiment ,  whil e onl y 
thre e kne w P R O L OG beforehan d (i.e. ,  tw o kne w bot h 
PASCAL an d PROLOG).  Fro m th e informatio n collecte d 
fro m questionnaire ,  subject' s average d GRE/SA T mat h 
score s wer e 734 .  Fo r  thos e wh o kne w PROLOG,  thei r 
average d self-rating s o f  P R O L OG skil l  wer e 3.29 ;  fo r 
thos e wh o kne w PASCAL,  thei r  average d self-rating s o f 
PASCAL skil l  wer e 3.33 ;  besides ,  al l  bu t  on e subjec t 
kne w C ,  thei r  average d self-rating s o f  C  skil l  wer e 3.00 . 
The GRE/SA T mat h score s o f  th e Know-PASCA L 
conditio n an d tha t  o f  th e Know-PROLOG conditio n wer e 
comparable . 

Design .  Th e experimenta l  desig n i s show n i n Tabl e 
3.  Basically ,  si x subject s wh o kne w PASCAL bu t  di d no t 
kno w P R O L OG wer e use d a s th e Know-PASCA L 

condition ;  whil e th e othe r  three ,  al l  o f  who m kne w 
P R O L OG bu t  tw o o f  the m als o kne w PASCAL,  consiste d 
tJi e Know-PROLOG conditio n (th e smal l  numbe r  o f 
subject s i n thi s conditio n wa s th e resul t  o f  ou r  difficult y o f 
recruitin g P R O L OG progranmier s a s subject s fro m th e 
C MU community) .  Ther e wer e thre e experimenta l 
sessions ,  eac h approximatel y on e an d hal f  hour s long .  Th e 
manipulatio n o f  Know-PASCA L versu s Know-PROLOG, 
togethe r  wit h th e manipulatio n o f  presentin g recursiv e vs . 
iterativ e problem s i n Sessio n 2  &  3 ,  wer e aime d t o tes t  th e 
hypothesi s mentione d above . 

Materials .  I n Sessio n 1 ,  thre e problem s wer e use d 
t o pretes t  subject' s knowledg e o f  eithe r  P A S C AL o r 
P R O L OG programming ;  thes e problem s ar e Summorial , 
Read-month ,  an d Fibonacci .  Als o i n Sessio n 1 ,  subject s 
wer e aske d t o rea d a n introductio n t o LIS P base d o n eithe r 
PASCAL o r  P R O L OG accordin g t o thei r  conditions .  Th e 
material s covere d i n thes e introduction s include d basi c 
concept s an d syntax ,  arithmeU c expressions ,  flow-of -
control ,  an d som e intermediat e dat a type s i n LISP . 
Subject s normall y spen t  abou t  on e hou r  t o cove r  th e majo r 
portio n o f  th e materia l  i n Session ,  an d spen t  abou t  twent y 
minute s i n Sessio n 2  &  3  t o cove r  th e rest .  Ther e wer e 1 2 
problem s use d i n Sessio n 2  &  3  fo r  LIS P programming . 
Thes e problem s were :  Simple-Expression ,  Circle-Area , 
Line-Slope ,  Add-Fraction ,  Least-Common-Multipher ,  (th e 
next  fou r  o n recursion )  Sununorial ,  Integer-Power ,  Add -
Together ,  Ackerman ,  (th e nex t  thre e concernin g iteration ) 

Summorial ,  Add-Together ,  Exponential. ^ 
Procedure .  A s i n Experimen t  1 ,  subject s wer e aske d 

t o fill  ou t  th e questionnair e form .  Fo r  programmin g i n th e 
thre e languages ,  almos t  th e sam e procedur e a s use d i n 
Sessio n 4  o f  Experimen t  1  wa s followe d i n al l  th e session s 
of  thi s experiment .  However ,  her e instea d o f  usin g th e 
standar d E M A CS edito r  w e adopte d a  specificall y designe d 
edito r  base d o n E M A C S;  thi s edito r  wa s use d t o time -
stam p eac h ste p o f  interactio n subject s mad e wit h th e 
computer .  Eac h tim e whe n th e subjec t  bega n t o edi t  o r 
modif y a  progra m h e wa s requeste d t o tur n o n th e timin g 
editor ;  an d eac h tim e whe n h e qui t  th e editin g windo w t o 

^  Th e PROLOG interprete r  employ s a  back-trackin g 
mechanis m whic h inherentl y implie s recursiv e programmin g 
i s natura l  fo r  mos t  o f  problem s whic h involv e repetition . 

•̂  Again ,  th e problem s an d instructiona l  material s use d i n thi s 
experiment s ca n b e obtaine d b y writin g t o th e authors . 
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go t o th e debuggin g windo w h e w.i s aske d t o tur n of f  th e 
timin g editor .  Thi s edito r  enable d u s t o collec t  som e fine-

Tabl e 3 .  Th e desig n o f  Experimen t  2  o n transfe r 

graine d measure s o f  th e tim e cours e o f  programming . 

fro m P A S C A L / P R O L OG t o LISP . 

Know-PASCAL conditio n Know-PROLOG condiUo n 

Sessio n 1 

Sessio n 2 

Sessio n 3 

Questionnaire ; 

Thre e P A S C AL problem s fo r  pretestin g 

P A S C AL knowledge ; 

Read a n introductio n t o LIS P whic h i s base d 

on P A S C AL knowledge . 
Fiv e LIS P problem s fo r  basi c synta x an d 

simpl e arithmeti c expressions ; 

Two LIS P proble m fo r  recursion . 
Two LIS P proble m fo r  recursion ; 

Thre e LIS P problem s fo r  iteration . 

Questionnaire ; 

Thre e P R O L OG problem s fo r  pretestin g 

P R O L OG knowledge ; 

Read a n introductio n t o LIS P whic h i s base d 

on P R O L OG knowledge . 

The sam e a s th e 

know-PASCAL conditions . 

The same as the 

know-PASCAL conditions . 

Result s a n d Discussio n 

For  th e tim e measure ,  w e dissecte d th e proble m solvin g 
tim e fo r  eac h proble m int o programmin g (coding )  tim e an d 
debuggin g time ;  thi s coul d b e easil y don e b y countin g th e 
tim e spen t  eithe r  i n th e editin g windo w o r  i n th e 
debuggin g window .  Takin g th e metho d fro m Single y & 
Anderso n (1990 )  an d Kat z (1988) ,  w e furthe r  decompose d 
th e programmin g tim e int o thinkin g tim e (plannin g time ) 
and keystrokin g tim e (executio n time) .  Th e keystrokin g 
tim e wa s define d a s follows : 

Keystrokin g tim e =  Z  ove r  al l  keystroke s T 

Where T  i s eithe r  th e interva l  betwee n tw o consecutiv e 
keystroke s i f  tha t  i s  les s tha n o r  equa l  t o 2  seconds ,  o r  jus t 
2 second s i f  th e interva l  i s  greate r  tha n 2  seconds .  Th e 
thinkin g tim e i s simpl y th e res t  o f  th e programmin g time ; 
tha t  is . 

Thinkin g time=Programmin g time -  Keystrokin g time . 
We coul d furthe r  decompos e th e thinking ,  keystrokin g an d 
debuggin g time s int o first-draft  (initial-draft )  tim e an d rest -
draf t  (subsequent-draft )  time ;  thi s coul d b e don e b y 
considerin g th e transition s mad e betwee n th e tw o windows . 

I n W u &  Anderso n (i n preparation )  w e foun d tha t 
time-saving s i n problem-solvin g transfe r  wer e largel y 
localize d i n th e first-draft  codin g an d debugging .  Thi s 
finding  wa s verifie d als o t o b e tru e fo r  ou r  presen t  situatio n 
of  learnin g transfer .  S o i n thi s articl e w e wil l  limi t  ou r 
repor t  o f  dat a onl y t o th e first-draft  time ;  however ,  th e dat a 

patter n als o applie s t o th e tota l  proble m solvin g time .  ̂  
Tabl e 4  present s th e dat a fo r  th e first-draft  tim e fo r  a 

compariso n betwee n Know-PASCA L an d Know-PROLOG 
subjects .  A  two-wa y A N O V A (recursion/iteratio n X 
P A S C A L / P R O L O G)  wa s performe d o n th e dat a o f 
PASCAL /PROLOG programmin g time .  Th e effec t  du e t o 
recursion/iteratio n wa s insignificant :  F(] ,  8 )  =  0.51 ,  p  > 
0.1 ;  th e effec t  du e t o P A S C A L / P R O L OG wa s als o 
insignificant :  F(l ,  8 )  =  0.09 ,  p  >  0.1 ;  however ,  th e 

' *  A  mor e detaile d repor t  ca n b e obtaine d b y writin g t o th e 
authors . 

interactio n betwee n the m wa s significant :  F(l ,  8 )  =  8.04 ,  p 
< 0.05 .  Anothe r  simila r  two-wa y A N O VA wa s performe d 
on th e dat a o f  LIS P programmin g tim e fo r  bot h PASCAL 
and P R O L OG knowers .  Th e effec t  du e t o 
recursion/iteratio n wa s significant :  F(I ,  32 )  =  6.72 ,  p  < 
0.05 ;  th e effec t  du e t o P A S C A L / P R O L OG wa s als o 
significant :  F(I ,  32 )  =  13.08 ,  p  <  0.05 ;  however ,  no w th e 
interactio n betwee n the m wa s insignificant :  F(l ,  32 )  = 
0.21 ,  p  >  0.1 .  Als o fro m th e tabl e w e se e tha t  th e tim e 
rati o betwee n thes e tw o condition s o n recursio n problem s 
remaine d almos t  th e sam e fro m PASCAL/PROLOG t o 
LISP .  Know-PROLOG subject s wer e bette r  o n recursio n 
tha t  Know-PASCA L subject s i n th e initia l  test .  Thi s 
advantag e wa s maintaine d i n recursiv e programmin g i n 
LISP .  Tha t  is ,  P R O L OG programmer s indee d transferre d 
what  the y learne d abou t  recursio n i n P R O L OG t o LIS P 
programming .  O n th e othe r  hand ,  ou r  Know-PROLOG 
subject s als o di d bette r  o n iteratio n i n LIS P eve n thoug h 
the y ha d no t  i n th e origina l  test .  Concernin g iteration ,  i t 
seems tha t  n o genera l  conclusio n coul d b e reache d abou t 
transfe r  betwee n th e thre e language s fro m thi s experiment . 

General Discussion 

a n d Conclusio n 

In explaining knowledge transfer, the theory of identical 
element s ha d bee n propose d ver y earl y i n th e centur y ( 
Thomdik e &  Woodworth ,  1901) .  Basically ,  th e theor y 
postulate s tha t  i t  i s th e common element s share d b y tw o 

domain s o f  knowledg e tha t  enable s th e knowledg e acquire d 
i n on e domai n t o b e transferre d t o th e other .  A s ther e ar e 
indee d a  grea t  man y commonalitie s betwee n LIS P an d 
P R O L O G,  i t  i s no t  surprisin g tha t  i n th e first  experimen t 
we witnesse d substantia l  transfe r  fro m LIS P knowledg e t o 
learnin g P R O L O G.  Wit h respec t  t o recursion ,  a s 
PROLCX}  an d LIS P hav e mor e i n common tha n PASCAL 
and LIS P have ,  s o i n th e secon d experimen t  w e 
demonstrate d tha t  P R O L OG programmer s ha d relativ e 
advantag e ove r  P A S C AL programmer s i n learnin g th e 
recursiv e par t  o f  LISP . 
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Tabl e 4 .  Dat a compariso n betwee n th e Know-PASCA L an d th e Know-PROLOG 
condition s i n Experimen t  2  (tim e i n seconds) . 

Total time onTime on one I nne on one Total time on Total time on Total time on 

3 PASCAL/  PASCAL/  PASCAL / 
PROLOG PROLOG PROLOG 
problem s iteratio n recursio n 

proble m proble m 

12 LIS P 
problem s 

3 iteratio n 

LIS P 

problem s 

4 recursio n 

LIS P 

problem s 

K n e w - P A S C AL 217 3 

K n e w - P R O L OG 215 2 

PROLOG/PASCAL 99 % 

547 

922 

168% 

917 

352 

38 % 

8051 

3778 

47 % 

2780 
1313 

47 % 

2628 
980 

36 % 

In Wu &  Anderso n (i n preparation) ,  w e reporte d thre e 
experiment s demonstratin g th e existenc e o f  proble m 
solvin g transfe r  amon g PASCAL,  LISP ,  an d PROLOG. 
To accoun t  fo r  th e results ,  ther e w e propose d tha t  ther e ar e 
basicall y thre e level s o f  transfe r  acros s programmin g i n 
differen t  language s - -  namely ,  th e syntactic ,  algorithmic , 
and proble m levels .  Ther e w e foun d tha t  a t  th e syntactica l 
leve l  ther e wer e mino r  interference s ( a typ e o f  negativ e 
transfer )  amon g programmin g i n differen t  languages ;  a t  th e 
algorithmi c level ,  substantia l  positiv e transfe r  wa s 
manifeste d a s o n mos t  occasion s subject s use d th e sam e 
algorith m fo r  di e sam e proble m i n differen t  language s an d 
a grea t  dea l  o f  time-savin g wa s exhibite d i n 
reprogramming .  Beside s thes e tw o levels ,  ther e w e als o 
foun d tha t  sometimes ,  althoug h differen t  algorithm s wer e 
used fo r  th e sam e proble m i n differen t  language ,  ther e wa s 
stil l  positiv e transfe r  manifeste d (a s time-saving) ;  thi s 
transfe r  mus t  hav e resulte d fro m proble m understandin g an d 
we postulate d i t  a s transfe r  a t  th e proble m level . 

I n th e presen t  investigatio n w e hav e demonstrate d 
transfe r  bot h fo r  proble m solvin g an d fo r  learning .  Her e 
agai n w e showe d tha t  syntacti c transfe r  i s  largel y negativ e 
but  onl y play s a  mino r  rol e i n learnin g an d proble m 
solving .  W e als o showe d tha t  algorithmi c transfe r 
constitute s th e majo r  portio n o f  transfer ,  a s manifeste d b y 
savin g th e tota l  proble m solvin g time ,  reducin g th e 
number  o f  progra m draft s neede d fo r  revisin g th e program , 
and importin g algorithmi c component s fro m LIS P 
solution s t o P R O L OG programming .  However ,  i n bot h 
experiment s w e di d no t  se e tha t  differen t  algorithm s wer e 
used fo r  th e sam e proble m i n differen t  languages ,  thu s 
transfe r  a t  th e proble m leve l  wa s no t  demonstrate d i n thi s 
study . 

On th e othe r  hand ,  a s thi s stud y wa s focuse d o n 
learnin g transfer ,  w e als o witnesse d a  highe r  leve l  transfe r 
tha n th e syntacti c an d algorithmi c leve l  transfer ;  an d thi s 
transfe r  i s  als o differen t  fro m th e transfe r  a t  proble m level . 
Thi s leve l  ma y b e calle d learnin g transfe r  -  th e transfe r  o f 
th e mos t  genera l  programmin g knowledg e whic h on e doe s 
not  nee d t o lear n agai n an d agai n whe n learnin g ne w 
programmin g languages .  On e exampl e o f  suc h transfe r 
woul d b e th e notio n o f  recursion ;  afte r  learnin g ho w t o 
implemen t  repetitio n i n a  recursiv e wa y i n on e languag e 
one ca n easil y transfe r  tha t  knowledg e t o learnin g a  ne w 

languag e provide d tha t  th e ne w languag e als o easil y 
faciUtate s recursion . 

W woul d conclud e fro m th e presen t  study : 
1.  Ther e wa s significan t  transfe r  fro m learne d LIS P 

knowledg e t o learnin g P R O L O G;  tha t  is ,  LIS P knowledg e 
helpe d t o lear n P R O L OG faster .  Moreover ,  th e mor e LIS P 
knowledg e th e mor e facilitatio n t o learnin g P R O L O G. 

2.  Althoug h syntacticall y an d stylistically ,  ther e wer e 
some interference s fro m LIS P t o P R O L OG progranmiing , 
thes e negativ e effect s wer e greatl y overwhelme d b y 
positiv e transfe r  a t  othe r  highe r  levels .  A t  th e algorithmi c 
level ,  transfe r  wa s manifeste d a s substantia l  tim e saving , 
fewe r  revision s o f  programs ,  an d importin g algorithmi c 
component s fro m show n LIS P solution s t o P R O L OG 
programming . 

3.  A s P R O L OG programmer s usuall y woul d b e mor e 
knowledgeabl e tha n P A S C A L programmer s o n recursiv e 
programming ,  P R O L OG progranmier s seeme d t o hav e 
relativ e advantage s ove r  P A S C AL programmer s i n learnin g 
th e recursiv e par t  o f  LIS P programming . 

4.  Asid e fro m th e thre e level s o f  transfe r  w e propose d 
fo r  proble m solvin g transfe r  amon g programmin g 
language s -  th e syntactic ,  algorithmic ,  an d proble m levels , 
one mor e leve l  o f  transfe r  wa s propose d ther e — th e 
learnin g transfer .  Th e knowledg e responsibl e fo r  thi s 
transfe r  i s  th e mos t  genera l  programmin g knowledg e acros s 
severa l  language s an d acros s a  larg e numbe r  o f  problems , 
suc h a s th e knowledg e abou t  recursiv e programming . 
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