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UnivCTsit y o f  Colorad o 
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A b s t r a c t 

Transfe r  acros s domain s ha s bee n generall y difficul t  t o 
find .  Recen t  studie s hav e indicate d tha t  abstrac t  skill s 
may transfe r  i f  adequat e tas k analyse s ar e use d t o 
defin e th e targe t  skil l  an d peopl e receiv e th e prope r 
trainin g i n attainin g th e skill .  Thi s stud y examine d 
transfe r  o f  diagnosti c skil l  acros s domain s fo r 
experience d subject s (extensiv e programmin g 
experienc e bu t  n o electronics )  aii d inexperience d 
subject s (n o [H-ogrammin g o r  electronic s experience ) 
when domain-specifi c  informatio n wa s provided . 
Four  level s o f  diagnosti c skil l  wer e identified . 
Inexperience d subject s coul d solv e problem s bu t  di d 
not  displa y a n advance d leve l  o f  diagnosti c skil l  i n 
eithe r  domain .  However ,  al l  experience d subject s 
displaye d hig h level s o f  skil l  o n mos t  problems ,  bot h 
i n th e domai n o f  expertis e an d i n th e domai n i n whic h 
the y wer e inexperienced .  Result s sugges t  tha t  a 
genera l  diagnosti c skil l  ca n transfe r  spontaneousl y 
acros s domain s wit h extensiv e practic e i n on e domai n 
and i s no t  acquire d t o a n advance d leve l  withou t 
training . 

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

Transfe r  occur s whe n knowledg e learne d i n on e 
situatio n i s use d i n learnin g an d performin g i n a 
secon d situation .  I n th e stud y o f  transfer ,  man y 
researcher s hav e mad e a  distinctio n betwee n across -
domai n transfe r  an d within-domai n transfer .  Fo r  thi s 
experiment ,  a  domai n wa s considere d a n are a o f  stud y 
suc h a s medicine ,  physics ,  o r  economics .  Task s wer e 
considere d t o b e action s tha t  peopl e coul d perfor m 
suc h a s interpretation ,  design ,  o r  prediction .  So , 
within-domai n transfe r  wa s define d a s performin g th e 
same o r  differen t  task s i n th e sam e domain ;  whereas , 
across-domai n transfe r  wa s define d a s perfOTmin g th e 
same task s i n differen t  domains . 

Evidenc e ha s accumulate d showin g tha t  unde r 
many conditions ,  knowledg e i s specifi c  t o th e 
siuiation s i n whic h i t  i s learne d (Carraher ,  Carraher , 
& SchUemann .  1985 ;  Nesher ,  1989 ;  Single y & 
Anderson ,  1989) .  Indeed ,  i t  ha s bee n a  fundamenta l 
assertio n abou t  th e natur e o f  exper t  skil l  tha t  i t  i s 

domai n specific ,  tha t  is ,  confine d t o th e domai n i n 
whic h th e skil l  i s initiall y  acquire d (Chi ,  Glaser ,  & 
Farr ,  1988) .  Moreover ,  subject s hav e bee n foun d t o 
hav e difficult y wit h across-domai n transfer ,  eve n 
when onl y surfac e feature s o f  problem s ar e change d 
(Chipman ,  Segal ,  &  Glaser ,  1985 ;  Gic k &  Holyoak , 
1980 ,  1983 ;  Kotovsky ,  Hayes ,  &  Simon ,  1985 ; 
Larkin ,  1989 ;  Resnick ,  1987) . 

Recen t  research ,  however ,  ha s bee n finding  way s 
t o elici t  transfe r  acros s domains .  First ,  finding  th e 
particula r  component s o f  skil l  tha t  migh t  transf ^ 
acros s domain s ha s bee n faciUtate d b y £4}plyin g tas k 
analyse s t o focu s o n th e component s o f  skil l  befor e 
tryin g t o measur e thei r  transfe r  (Single y &  Anderson , 
1989) ,  an d b y separatin g ou t  thos e component s tha t 
migh t  b e domai n specifi c  fro m thos e tha t  migh t 
potentiall y  b e domai n genera l  (Larki n &  Reif ,  1978 ; 
Voss ,  Green ,  Post ,  &  Penner ,  1983) .  Second ,  across -
domai n transfe r  ha s bee n foun d whe n extensiv e an d 
varie d trainin g wa s provide d i n th e targe t  skill .  Fo r 
example ,  skill s  suc h a s diagnosi s an d th e applicatio n 
of  algebr a transferre d acros s domain s whe n subject s 
wer e explicitl y  traine d i n th e skil l  an d traine d i n a 
conten t  independen t  manne r  (Basso k &  Holyoak , 
1989 ;  Klah r  &  Carver ,  1988) ,  althoug h thes e studie s 
hav e bee n criticize d becaus e th e initia l  trainin g 
problem s an d targe t  transfe r  problem s share d th e sam e 
surfac e feature s (Single y &  Anderson ,  1989) . 
Finally ,  transfe r  acros s domain s m a y b e foun d i f  w e 
targe t  a n abstrac t  o r  highe r  orde r  skill .  Fo r  example , 
Perfett i  ha s argue d tha t  readin g shoul d b e studie d a s a 
skil l  whic h ca n transfe r  acros s domain s (Perfetti , 
1989) .  W e a k methods ,  skill s  whic h ca n b e learne d 
withou t  forma l  trainin g an d ar e generall y applicabl e 
t o a  wid e rang e o f  problems ,  hav e als o bee n show n t o 
transfe r  acros s domain s (e.g. ,  means-end s analysis , 
Newel l  &  Simon ,  1972) .  Transfe r  ha s als o bee n 
demonstrate d fo r  genera l  skill s  suc h a s a  scientifi c 
metho d (NisbeU ,  Krantz ,  Jepson ,  &  Kunda ,  1983 ; 
Larki n &  Reif ,  1978 ;  Tweney ,  1981) . 

Th e goa l  o f  thi s researc h wa s t o investigat e th e 
exten t  t o whic h som e component s o f  a  sophisticate d 
diagnosti c skil l  develope d i n on e domai n (e.g. . 
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progrdi n debugging )  woul d transfe r  an d b e accessibl e 
while  learnin g diagnosi s i n anothe r  domai n (e.g. , 
electroni c troubleshooting) .  Clearly ,  fo r  eac h 
domain ,  ther e i s domain-specifi c  informatio n tha t 
woul d no t  b e expecte d t o transfer .  But ,  wil l  th e 
diagnosti c strateg y componen t  transfe r  i f  th e domai n 
specifi c  informatio n i s supplied ? Th e ide a i s tha t 
diagnosti c skil l  wil l  transfe r  acros s domain s eithe r 
becaus e a  perso n i s alread y a n exper t  i n th e firs t 
domai n o r  becaus e a  {)erso n ha s learne d th e skil l  i n 
th e firs t  domai n i n a  wa y tha t  liberate s th e strateg y 
fro m it s conten t  Th e experimen t  reported  her e test s 
whethe r  expertis e i n diagnosi s transfers . 

Overvie w o f  Experimen t 

In order to investigate the nature of diagnostic 
reasonin g a s a  componen t  o f  exper t  programmin g 
skill ,  an d t o investigat e it s transfer ,  i t  wa s firs t 
necessar y t o identif y thos e aspect s o f  diagnosti c 
reasoin g i n ou r  tw o domain s tha t  coul d b e considere d 
domai n specifi c  an d thos e tha t  coul d b e potentiall y 
domai n general .  Th e domain-specifi c  knowledg e 
consiste d o f  facts ,  tests ,  an d causa l  relationship s 
betwee n processe s an d outcomes .  Th e domain-genera l 
componen t  wa s th e basi c diagnosti c strateg y tha t  wa s 
eviden t  from  th e literature s o f  medica l  diagnosis , 
mechanica l  devic e diagnosis ,  progra m debugging ,  an d 
circui t  troubleshootin g (Clancey ,  1983 ,  1988) .  Fro m 
thes e literatures ,  w e develope d description s o f  fou r 
"levels "  o f  diagnosti c strateg y rangin g from  rando m 
testin g o f  component s t o wha t  w e identifie d a s th e 
"expert "  diagnosti c strategy .  Thi s exper t  diagnosti c 
strateg y wa s expected  t o transfe r  acros s domains ,  i f 
th e domai n specifi c  component s wer e provided . 
Evidenc e f w th e powe r  o f  suc h a n analysi s ca n b e 
foun d i n th e wor k o f  Vos s (Voss ,  Green ,  Post ,  & 
Penner ,  1983 )  i n th e us e o f  a  genera l  socia l  scienc e 
metho d whic h need s specifi c  informatio n abou t  th e 
countr y t o whic h i t  wil l  b e applied .  Thus ,  on e woul d 
expec t  transfe r  o f  th e general ,  abstrac t  skil l  acros s 
domain s whe n specifi c  informatio n abou t  th e targe t 
transfe r  domai n i s provided . 

Thi s experimen t  teste d thre e hypotheses .  First , 
we hypothesize d tha t  whe n a  perso n develop s 
expertis e i n a  domai n involvin g diagnosi s a s a 
component ,  tha t  the y woul d the n posses s advaiKe d 
level s o f  th e diagnosti c skill ,  whic h coul d b e use d t o 
solv e problem s i n tha t  domain .  Unde r  thi s 
hypothesis ,  experience d compute r  programmer s woul d 
be expected  t o lear n diagnosti c strategie s i n thei r 
domai n o f  expertis e throug h trainin g an d exposur e t o 
debuggin g programs .  T o tes t  thi s idea ,  experience d 
p rogramme s wer e aske d t o solv e progra m debuggin g 
problem s an d w e measure d thei r  diagnosti c skil l 
levels . 

Second ,  w e hypothesize d tha t  th e diagnosti c skil l 
tha t  w e woul d measur e woul d no t  h e a  wea k 
reasonin g metho d tha t  i s regularly  acquire d withou t 

training .  I n thi s case ,  subject s w h o ha d n o experienc e 
wit h a  skil l  domai n i n whic h diagnosi s wa s a  centra l 
componen t  woul d no t  demonstrat e advance d level s o f 
diagnosti c skil l  eve n whe n domain-specifi c 
informatio n i s provided .  T o tes t  thi s idea ,  subjects , 
wit h n o experienc e i n progra m debuggin g o r 
electroni c troubleshooting ,  wer e aske d t o solv e 
debuggin g an d troubleshootin g problems .  Sinc e th e 
inexperience d subject s wer e no t  expecte d t o kno w 
eithe r  programmin g o r  electronics ,  subject s wer e 
provide d wit h informatio n abou t  eac h domai n befor e 
and durin g proble m solvin g an d the y wer e allowe d t o 
ask question s t o obtai n an y othe r  informatio n the y 
though t  the y needed . 

Third, we hypothesize that an experienced 
perso n migh t  b e abl e t o transfe r  th e domain-genera l 
componen t  o f  advance d diagnosti c skil l  whe n provide d 
wit h th e domain-specifi c  component s o f  th e n e w 
targe t  domain .  T o tes t  thi s idea ,  experience d 
programmer s wer e aske d t o solv e problem s i n 
electroni c troubleshooting .  Sinc e experience d 
programmer s woul d no t  necessaril y  b e expecte d t o 
k n o w th e domai n specifi c  fact s o f  electroni c 
troubleshooting ,  subject s wer e provide d wit h th e 
essentia l  informatio n (correc t  functionin g o f  circui t 
elements )  an d allowe d t o as k question s t o obtai n an y 
othe r  informatio n the y though t  the y needed .  Thus , 
experience d subject s woul d hav e experienc e i n th e 
firs t  domain ,  programming ,  bu t  no t  i n th e secon d 
domain ,  electronics . 

Metho d 

Subjects. The experienced subjects were 8 

graduat e student s currentl y enrolle d a t  th e Universit y 
of  Colorad o fro m th e Department s o f  Compute r 
Scienc e an d Managemen t  Informatio n Sciences .  The y 
had a n averag e o f  9. 9 year s o f  programmin g 
experience .  The y ha d no t  take n a  cours e i n eithe r 
logi c circuit s o r  electrica l  circuits ,  an d the y score d a t  a 
zer o leve l  o f  knowledg e o n th e electronic s question s 
of  a  knowledg e assessmen t  questionnaire . 
Experience d subjects '  averag e G R E score s wer e 65 5 
verbal ,  70 1 quantitative ,  an d 66 7 analytic .  Th e 
inexperience d subject s wer e 8  graduat e student s fro m 
th e Departmen t  o f  Englis h Lileratiu"e .  The y ha d n o 
experienc e i n eithe r  progra m debuggin g o r  electroni c 
troubleshootin g an d score d a t  a  zer o leve l  o f 
knowledg e o n bot h programmin g an d electronic s 
question s o n a  knowledg e assessmen t  questionnaire . 
Inexperience d subjects '  averag e G R E score s wer e 71 1 
verbal ,  68 6 quantitative ,  an d 65 5 analytic .  Th e tw o 
population s wer e chose n because ,  a t  a  departmen t 
level ,  th e tw o population s ha d equivalen t  G R E verba l 
and mat h scores .  Ou r  tw o sample s fro m thes e 
population s di d no t  diffe r  reliably  o n thei r  G R E 
scores .  Al l  subject s wer e pai d volunteers . 

Design .  Withi n experience d an d inexperience d 

subjects ,  fou r  o f  eac h wer e assigne d t o on e o f  tw o 
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groups .  Grou p 1  solve d progra m debuggin g 
problem s first  an d electroni c troubleshootin g 
problem s second ;  grou p 2  solve d electroni c 
troubleshootin g problem s first  an d progra m 
debuggin g problem s second .  Th e programming-firs t 
grou p allowe d a  pur e measur e o f  experience d subjects ' 
diagnosti c skil l  levels .  Th e electronics-firs t  grou p 
allowe d a  pur e measur e o f  spontaneou s transfe r  o f 
diagnosti c skill .  N o orde r  efi'ect s wer e foun d 
however ,  s o al l  analyse s ar e repwte d withou t 
consideratio n o f  thi s desig n variable . 

Materials .  Subject s wer e aske d t o solv e tw o 

differen t  type s o f  problems :  p rogn m debuggin g 
problem s an d circui t  troubleshootin g problems .  Fo r 
program s (se e Figur e 1) .  subject s wer e give n a 
progra m an d tol d tha t  ther e wa s on e bugg y line .  Th e 
goal  wa s t o find  th e bugg y line .  Subject s coul d ru n a 
progra m b y selectin g a  butto n ('Plac e object "  i n 
Figur e 1) .  Runnin g th e progra m b y selectin g th e 
progra m butto n resulted  i n bot h th e expecte d output , 
what  raie  woul d "expect "  t o se e i f  th e progra m wer e 
runnin g correctly ,  an d th e actua l  output ,  wha t  on e 
actuall y sa w aft ^  runnin g th e progra m wit h th e bu g 
i n it .  Progra m line s wer e onl y partiall y  displayed . 
Subject s coul d se e th e ful l  lin e o f  th e progra m b y 
selectin g "Sho w progra m line "  an d the n typin g i n a 
number  (e.g. ,  i n Figur e 1 ,  lin e 7  i s incomplet e an d 
subject s coul d reques t  t o se e th e whol e line) .  I n 
addition ,  subject s coul d plac e a  prin t  statemen t  l o 
examin e variabl e value s afte r  a  certai n progra m lin e 
had executed . 

For  circui t  problem s (se e Figur e 2) ,  subject s 

wer e give n a  circui t  an d tol d tha t  on e elemen t  wa s 
faulty .  Subject s coul d tes t  th e whol e circui t  wit h 
'Tes t  Circuit" .  Thi s actio n woul d sho w th e expecte d 
result s  (i f  th e circui t  wer e workin g properly )  an d th e 
actua l  result s (result s wit h th e fault y circui t  element) . 
I n orde r  l o find  th e fault y element ,  subject s coul d tes t 
individua l  element s b y clickin g o n th e element .  Th e 
result  u p t o tha t  poin t  woul d b e show n t o th e right  o f 
th e element .  Subject s als o coul d chang e th e inpu t  t o 
circui t  elements . 

Procedure .  Subject s wer e firs t  tol d th e natur e o f 

th e experimen t  an d the n provide d wit h informatio n 
sheet s listin g domain-specifi c  information .  Thi s 
include d informatio n o n th e correc t  functionin g o f 
progra m statement s an d circui t  elements .  Thi s 
information ,  a s wel l  a s informatio n o n h o w t o us e 
th e computer ,  wa s provide d o n th e compute r  befor e 
proble m solving .  Subject s wer e als o tol d tha t  the y 
coul d as k question s fo r  additiona l  information . 

Problem s wer e presente d o n a  Macintos h 
compute r  usin g HyperCard .  Subject s solve d five 
problem s i n th e first  domai n followe d b y a  break . 
Then ,  the y solve d five  problem s i n th e secon d 
domain .  Subject s wer e videotape d a s the y solve d 
problem s an d wer e aske d t o tal k alou d a s the y worked . 
Afte r  proble m solving ,  subject s wer e aske d t o 
complet e a  genera l  questionnair e o n thei r  backgroun d 
and wer e give n a  knowledg e assessmen t  questionnair e 
on program s an d circuits .  Th e sessio n toc k 
approximatel y 1-1. 5 hour s f w exjjerience d subject s 
and 2. 5 -  3  hour s fo r  inexperience d subjects .  Al l 
subject s wer e requeste d t o solv e al l  problems . 

Progra n (  Plac e o b j e c t ] 

1 Progra m (Plac e object ) 
2 cel l  3et_up_box 1 
3 cal l  wt_up_box 2 
4 en d Progra m (Placeobject ) 
5 
6 Progra m (set_up_bo x 1 ) 
7 plac e 
6 pu t 
9 pu t 

Itlt't l 
|tit|t | 
inut t 
iiiii, i 
1 1 1 1 
1 1 1 1 

m 

Expecte d result s 

T m ^ ~ f 

Actua l  result s 

T m ^ ~ ^ ~ f 

Figur e 1 .  Exampl e o f  progra m debuggin g problem . 

2 _ 

4 

5_ TCI 

SI amp(H3) 1 

Ml 

R1 D1 

0R1 

fiugi 

[Expecte d resul t  I 

Expecte d resul t 

TC2 phaser l 

[  Tes t  Circui t  ) 

Figur e 2 .  Exampl e o f  circui t  troubleshootin g proble m 
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R e s u l t s 

Knowledg e Assessmen t  &  G R E .  Experience d 

subject s ha d a  mea n scor e o f  11. 5 ou t  o f  1 2 o n th e 
progra m assessmen t  bu t  a  0. 3 o n th e circui t 
assessmen t  Inexperience d subject s ha d a  mea n scor e 
of  0  o n th e progra m assessmen t  an d a  0. 3 o n th e 
circui t  assessment .  Ther e wa s n o significan t 
differenc e betwee n group s fo r  score s o n al l  part s o f 
th e G R E exam .  Thus ,  fo r  th e purpose s o f  thi s 
experiment ,  th e tw o population s wer e o f  equivalen t 
"intelligence, "  bu t  no t  o f  equivalen t  initia l  domai n 
knowledge . 

Scnrin p o f  Diagnosti c Skil l  Level .  Fou r  level s 

(leve l  0  t o leve l  3 )  o f  diagnosti c skil l  wer e used .  A t 
th e lowes t  leve l  Oeve l  0 ) ,  subject s randoml y chos e 
circui t  element s o r  progra m line s l o test .  A t  th e nex t 
leve l  Oeve l  1) ,  subject s use d a  systemati c forwar d o r 
backwar d pattern .  Fo r  example ,  a  subjec t  usin g a 
systemati c forwar d movemen t  migh t  star t  i n th e 
uppe r  lef t  han d come r  o f  th e circui t  an d tes t  element s 
t o th e right.  A  systemati c backwar d movemen t 
woul d star t  a t  on e o f  th e element s connecte d t o a 
plac e wher e th e expecte d an d actua l  output s di d no t 
match .  The n th e subjec t  woul d les t  eac h elemen t 
backwar d unti l  n o erro r  i n outpu t  wa s found .  A t  leve l 
2,  subject s targete d certai n area s o f  th e circui t  o r 
progra m t o tes t  first  Fo r  example ,  i f  a  subjec t 
notice d tha t  th e expecte d an d actua l  output s di d no t 
matc h fo r  th e to p circui t  elemen t  bu t  the y di d matc h 
fo r  th e botto m circui t  element ,  the n a  subjec t  usin g a 
targetin g strateg y woul d tes t  eac h elemen t  connecte d 
onl y t o th e to p circui t  elemen t  an d no t  t o th e botto m 
one .  Finally ,  th e highes t  leve l  strateg y Oeve l  3) , 
reasonin g fro m outpu t  characteristics ,  no t  onl y 
targete d a  certai n are a bu t  als o use d process-outcom e 
pairings .  B y process-outcom e pairing ,  w e mea n tha t 
a subjec t  woul d examin e th e expecte d an d actua l 
outpu t  an d notic e th e differenc e betwee n thos e 
outputs .  Then ,  th e subjec t  woul d identif y thos e 
circui t  element s o r  progra m statement s tha t  coul d 
caus e tha t  difference .  Thus ,  leve l  3  i s a  combinatio n 
betwee n bot h targetin g a  certai n are a jus t  base d o n a 
differenc e an d targetin g coiai n specifi c  element s o r 
progra m line s withi n tha t  are a t o test . 

For  scorin g thes e levels ,  subjects '  actio n 
sequence s an d transcribe d verba l  protoco l  data ,  alon g 
wit h a  listin g o f  th e level s o f  diagnosti c skill ,  wer e 
provide d t o tw o independen t  coders .  A n actio n 
sequenc e m a y loo k like :  Tes t  circuit .  Tes t  uni t  M l , 
Stat e faul t  M l .  A  strateg y coul d b e inferre d fro m th e 
actio n sequences .  Th e protocol s wer e use d a s 
convergin g evidence .  Fo r  example ,  subject s 
sometime s indicate d directl y i n thei r  verbalization s 
what  strategie s the y wer e usin g ("I' m jus t  goin g t o 
gues s thi s  one") .  Fo r  eac h proble m solution ,  a 
number  wa s assigne d describin g th e strateg y leve l  fo r 
tha t  problem .  I f  subject s change d strategie s i n th e 

middl e o f  solvin g th e problem ,  bot h strategie s wer e 
recorde d an d th e highe r  leve l  wa s use d fo r  analyses ; 
switchin g occurre d mos t  frequently  fo r  inexperience d 
subjects . 

Scorin g o f  th e problem s wa s blin d t o condition . 
Percen t  agreemen t  wa s 8 5 % .  I n th e cas e o f  a 
disagreement ,  th e lowe r  o f  th e tw o leve l  score s wa s 
kep t  fo r  th e experience d programmer s an d th e highe r 
leve l  numbe r  wa s use d fo r  th e inexperience d subjects . 

Diagnosti c Level .  Experience d subject s showe d 

highe r  level s o f  diagnosti c skil l  overal l  (mea n =  2.8 ) 
tha n inexperience d subject s (mea n =  1.5) , 
E(1.12)=138.32 ,  B<.01 )  (se e Figur e 3) .  A s state d 

previously ,  ther e wer e n o effect s o f  th e domai n orde r 
i n whic h subject s solve d problem s an d n o interaction s 
wit h order .  Thi s resul t  implie s tha t  experience d 
subject s posses s advance d level s o f  diagnosti c skil l  i n 
thei r  are a o f  expertise ,  programming .  I n contrast , 
inexperience d subject s w h o ha d n o experienc e i n 
programmin g demonsQ-ate d tha t  the y di d no t  posses s 
advance d level s o f  th e diagnosti c skill ,  eve n whe n 
in-ovide d wit h th e require d domai n specifi c 
programmin g knowledge .  Althoug h i t  migh t  see m 
unreasonabl e t o expec t  tha t  inexperience d subject s 
woul d displa y advance d diagnosti c strategie s i n a 
programmin g domai n i n whic h the y ha d n o 
experience ,  eve n i f  the y ha d them ,  w e argu e tha t  i f 
thi s wer e a  wea k reasoning  metho d analogou s t o 
means-end s strategies ,  the n thi s i s  exactl y wha t  w e 
woul d see .  However ,  th e possibilit y  remain s tha t  th e 
inexperience d subject s posses s advance d diagnosti c 
strategie s bu t  fai l  t o displa y the m i n th e 
programmin g domai n becaus e suc h strategie s ar e 
specifi c  t o th e domai n i n whic h the y ar e learne d o r 
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Figur e 3 .  Leve l  o f  diagnosti c skil l  fo r  progra m 

debuggin g fo r  experience d programmer s an d 
inexperience d subjects . 

I f  advance d level s o f  diagnosti c strategie s ar e 
specifi c  t o th e domai n i n whic h the y ar e learned ,  the n 
we woul d expec t  t o se e experience d an d inexperience d 
subject s performin g a t  th e sam e leve l  i n electroni c 
troubleshoot .  However ,  a s show n i n Figur e 4 , 
subject s experience d i n programmin g (bu t  n o 
experienc e i n electroni c troubleshooting )  wer e abl e t o 
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solv e th e circui t  troubleshootin g problem s usin g 
advance d level s o f  diagnosti c skil l  (mea n =  2.8 )  whe n 
the y wer e provide d wit h th e domain-specifi c  circuit s 
information .  Tha t  is .  thei r  diagnosti c reasonin g 
strategie s showe d spontaneou s transfe r  fro m 
programmin g t o circuits .  However ,  th e inexperience d 
(i n programming )  subject s wer e agai n unabl e t o 
displa y advance d level s o f  diagnosti c strategie s (mea n 
= 1.5) .  Bot h group s o f  subject s wer e presente d wit h 
th e sam e domain-specifi c  informatio n an d als o 
showe d equivalen t  level s o n ou r  measure s o f  verbal , 
quantitative ,  an d analyti c intelligence .  Thus ,  thes e 
result s sho w tha t  th e diagnosti c skil l  i s no t  a  wea k 
metho d tha t  everyon e ha s withou t  trainin g becaus e 
inexperience d subject s di d no t  posses s th e skill .  I n 
addition ,  sinc e programmer s wit h n o circui t  trainin g 
wer e abl e t o perfor m a t  a  hig h leve l  o n circui t 
troubleshooting ,  spontaneou s transfe r  o f  diagnosti c 
skil l  ca n occu r  whe n domai n specifi c  informatio n i s 
provide d an d a  perso n ha s extensiv e experienc e wit h 
tha t  skil l  i n anothe r  domain . 
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Figur e 4 .  Leve l  o f  diagnosti c skil l  o n circui t 

problem s fo r  experience d programmer s an d 
inexperience d subjects . 

Number  o f  item s chosen .  Numbe r  o f  item s 

chose n indicate s ho w selectiv e subject s wer e i n thei r 
testing .  Fewe r  item s chose n wa s a n indicatio n o f  a 
highe r  diagnosti c skil l  level .  Thus ,  th e numbe r  o f 
progra m line s show n o r  th e numbe r  o f  individua l 
circui t  element s wa s counted .  Experience d subject s 
teste d fewe r  item s overal l  fo r  bot h programmin g an d 
circui t  jwoblem s tha n di d inexperience d subjects , 
E(l,12)=51.23 ,  jK.Ol .  Thi s effec t  di d no t  interac t 

wit h th e typ e o f  proble m (circuits ,  jwograms) ,  agai n 
supportin g ou r  clai m o f  spontaneou s transfe r  fo r  th e 
experience d subjects .  Thes e results  indicat e tha t 
experience d subject s wer e abl e t o narro w thei r  testin g 
t o confine d area s therefor e exhibitin g a  highe r  leve l  o f 
skill . 

Tim e t o complet e problems .  Th e tim e t o 
complet e eac h proble m se t  wa s recwde d an d 
compared .  Experience d subject s spen t  les s tim e o n 
th e problem s overal l  tha n inexperience d subjects , 
E(l,12)=11.45 ,  p<.01 .  Consisten t  wit h th e level s 

and item s chose n data ,  thes e result s indicat e tha t 
experience d subject s wer e usin g mor e advance d level s 

of  skil l  becaus e the y wer e takin g les s tim e t o mak e 
thei r  selections .  Again ,  thi s resul t  wa s constan t 
acros s th e typ e o f  problems ,  showin g spontaneou s 
transfer . 

D i s c u s s i o n 

Previou s experiment s o n across-domai n transfe r 
hav e produce d mixe d results .  Recen t  wo.' k b y Basso k 
and Holyoa k (1989 )  an d b y Klah r  an d Carve r  (1988) . 
has demonstrate d som e transfe r  o f  abstrac t  skill s 
acros s domains .  Thi s expoimen t  wa s designe d t o tes t 
th e ide a tha t  transfe r  acros s domain s ca n occu r  whe n 
subject s ar e experience d i n a  skil l  an d the y ar e 
provide d wit h th e domain-specifi c  knowledg e o f  th e 
targe t  transfe r  domain . 

The result s indicat e tha t  experience d programmer s 
possesse d advance d level s o f  diagnosti c skil l  becaus e 
the y wer e abl e t o us e tha t  skil l  i n solvin g progra m 
debuggin g problems .  EngUs h hteratur e graduat e 
student s wer e abl e t o solv e problem s i n bot h domain s 
but  di d no t  demonstrat e th e advance d level s o f 
diagnosti c skil l  i n eithe r  domain .  Therefore ,  thi s 
advance d diagnosti c skil l  i s no t  a  wea k reasonin g 
metho d tha t  ca n b e regularl y acquire d withou t 
training .  Experience d programmer s als o displaye d 
advance d diagnosti c strategie s whe n solvin g circui t 
troubleshootin g problems .  Thus ,  a  genera l  diagnosti c 
skil l  ca n spontaneousl y transfe r  acros s domain s wit h 
extensiv e practic e t o th e leve l  o f  expertis e i n on e 
domain . 

I n studie s comparin g expert s an d novices ,  ther e i s 
alway s th e proble m o f  comparabilit y  o f  populations . 
I n thi s research ,  w e matche d experience d an d 
inexperience d subject s o n G R E scwes ,  hel d t o b e 
moderatel y jM-edictiv e o f  programmin g ability .  Thus , 
we argu e tha t  ou r  tw o group s wer e clos e i n term s o f 
"ability, "  an d i n term s o f  th e kind s o f  quantitativ e an d 
analyti c knowledg e measure d b y th e G R E exams . 
However ,  othe r  kind s o f  motivationa l  an d self -
selectio n difference s canno t  b e completel y rule d ou t 
Our  informa l  observation s durin g th e talk-alou d 
session s revealed  tha t  bot h group s wer e engage d an d 
persisten t  i n proble m solvin g an d di d no t  appea r  t o b e 
discourage d o r  expres s thought s tha t  the y weren' t  abl e 
t o tackl e thi s "kind "  o f  problem .  O n e solutio n t o 
thi s proble m i s t o conduc t  trainin g studie s i n whic h 
thes e potentia l  subjec t  difference s ar e controlle d (se e 
Lee ,  1993) . 

For  thi s study ,  tw o domain s wer e chose n i n 
whic h transfe r  woul d b e likel y bu t  no t  automatic . 
Our  long-ter m goa l  i s t o understan d h o w genera l  th e 
diagnosti c strateg y i s an d ho w clos e tw o domain s 
hav e t o b e t o allo w applicatio n o f  th e strateg y onc e i t 
i s liberate d fro m it s conten t  Therefore ,  on e 
extensio n o f  thi s researc h wil l  b e t o examin e a  ne w 
domai n tha t  i s mor e distan t  fro m i»-ogramming ,  suc h 
as medica l  diagnosi s o r  diagnosi s o f  a  comple x 
mechanica l  system . 
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An additiona l  directio n fo r  ou r  research  i s t o 
investigat e th e type s o f  trainin g tha t  coul d liberat e a 
diagnosti c strateg y fro m it s content .  Askin g subject s 
t o reflect  o n th e skil l  tha t  the y ar c learnin g ca n 
produc e transfe r  o f  tha t  skil l  t o anothe r  domai n 
(Brow n &  Campione ,  1981 ;  Hieber i  &  Lefevre , 
1986;  Larki n &  Reif .  1976 ;  Schoenfeld .  1985) . 
Thus ,  additiona l  studie s usin g inexperience d subject s 
ar e currentl y examinin g th e effect s o f  extensiv e 
trainin g an d reflection  o n th e acquisitio n an d transfe r 
of  diagnosti c skill s  (Lee ,  1993) . 
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