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1.  Individuc. -  Difference s an d Computin g Skill s 

It is commonly asserted that the learning of 
computin g skill s  i s  subjec t  t o marke d individua l 
difference s (e.g .  Weinberg ,  1971 ;  Gould ,  1975 ; 
du Boula y an d O'Shea ,  1901) .  Suc h difference s ar e 
of  considerabl e importanc e fo r  bot h practica l  an d 
theoretica l  reasons .  First ,  a n analysi s o f 
successfu l  an d unsuccessfu l  learnin g strategie s 
shoul d provid e dat a o n th e natur e o f  computin g 
informatio n an d th e skill s  require d fo r  it s 
acquisition .  Thi s infornatio n woul d ai d i n th e 
desig n o f  system s fo r  guidin g th e rapidl y increasing, 
populatio n o f  compute r  user s wh o ar e no t  compute r 
professionals .  Secondly ,  th e existenc e o f  clea r 
individua l  difference s shoul d provid e a n idea l 
environmen t  fo r  explorin g th e relationship s betwee n 
learnin g strateg y an d cognitiv e performance . 

Research was therefore undertaken with these 
tw o objective s i n mind ,  bu t  emphasisin g th e first . 
Work wa s conducte d i n tw o stages : 

the identification of the main parameters 
of  learnin g styl e relate d t o th e learnin g 
of  a  firs t  compute r  language ; 

the definition of interactions between 
style ,  strateg y an d knowledg e 
representation . 

2. Stage 1: Four Programming Studies 

In order to characterize the relationship 
betwee n learnin g styl e an d th e acquisitio n o f 
programmin g skill s  an d t o provid e earl y applicabl e 
results ,  researc h wa s conducte d o n scienc e an d 
engineerin g postgraduat e student s takin g a 
standar d introductor y FORTRAN cours e (Coomb s e t  al. , 
1981) . 

A research methodology was used in which 
subject s wer e presente d wit h tw o tasks :  a  "targe t 
task "  fo r  th e assessmen t  o f  programmin g skill , 
and a n "indicato r  task "  fo r  th e assessmen t  o f 
learnin g style .  Th e objectiv e wa s t o characteriz e 
performanc e o n th e targe t  task ,  about  whic h littl e 
was known ,  wit h referenc e t o performanc e o n th e 
indicato r  task .  I t  wa s thu s importan t  tha t  th e 
indicato r  tas k wa s well-founde d an d ha d som e 
clearl y define d relationshi p wit h th e targe t  task . 

Two programming tests were devised for the 
targe t  task ,  followin g th e findin g (Coombs ,  1977 ) 
tha t  recal l  o f  th e unit s o f  procedura l  informatio n 
may b e independen t  o f  abilit y  t o recal l  th e unit s 
i n thei r  correc t  order .  Th e firs t  tes t  th e 
Statemen t  Tes t  wa s devise d t o asses s learnin g o f 
th e forma t  an d operatio n o f  individua l  FORTRAN 
structure s an d require d th e idoal i  Cicatio n o f 
appropriat e error s i n 3  shor t  program s (2 1 i n 5 6 
line s o f  program) .  Th e secon d tes t  th e Logi c 
Tes t  wa s devise d t o asses s abilit y  t o assembl e 
individua l  structure s int o successfu l  programs . 
Subject s wer e presente d wit h 3  deck s o f  cards , 
eac h comprisin g a  complet e program .  Th e card s 
wer e give n i n rando m orde r  an d subject s wer e 
require d t o reconstruc t  th e origina l  program . 

Selectio n o f  a n Indicato r  tas k prove d 
difficul t  becaus e o f  th e poorl y understoo d an d 
unstabl e relationship s betwee n test s o f  cognitiv e 
style .  A  tes t  wa s therefor e use d whic h ha d 
significan t  feature s i n common wit h th e skill s 
assesse d b y th e targe t  tasks .  A  suitabl e 
classificatio n o f  individua l  difference s wa s 
foun d i n th e Operatio n Learning/Comprehensio n 
Learnin g distinctio n propose d b y Pas k (1975) . 
The distinctio n wa s founde d i n a  well-elaborate d 
theor y Conversatio n Theor y an d a  tes t  wa s 
availabl e th e Spy-Rin g Histor y Test . 
Pask's categories are defined witliin two 
basi c dimension s o f  huma n informatio n 
processing :  a )  th e managemen t  o f  dat a selecte d 
fro m th e worl d (attention) ;  b )  th e menta l 
representatio n o f  tha t  dat a (menta l  mode l 
building) .  Th e attentio n dimensio n draw s th e 
binar y distinctio n betwee n loca l  an d globa l 
feature s o f  a  subjec t  material .  Th e 
representatio n dimensio n draw s th e distinctio n 
betwee n representatio n o f  ne w informatio n i n 
term s o f  description s an d i n term s o f 
procedure s t o b e use d fo r  it s generatio n fro m 
previousl y acquire d information .  Give n 
interaction s betwee n th e dimensions ,  Pas k 
propose s tw o basi c cognitiv e styles :  operatio n 
learning ,  (procedur e buildin g usin g low-level , 
loca l  information) ;  comprehensio n learnin g 
(descriptio n buildin g wit h attentio n t o globa l 
features )  .  Student s biase d toward s operatio n 
learnin g ar e thu s abl e t o lear n rules ,  method s 
and details  bu t  ar e unawar e o f  ho w an d wh y 
the y fi t  together .  Comprehensio n learner s lear n 
an .overal l  pictur e o f  th e subjec t  matte r  bu t 
may no t  b e abl e t o perfor m th e operation s t o 
use it .  Comprehensio n o f  th e informatio n 
exist s i n th e absenc e o f  rule s o r  operationa l 
meanin g an d i n ignoranc e o f  detail s require d 
fo r  th e informatio n t o b e used . 
The procedural aspect of computing provides 
a conceptua l  lin k betwee n cognitiv e styl e an d th e 
programmin g tests ,  i t  bein g ou r  contentio n tha t 
learner s wit h a n operatio n bia s woul d hav e a  dua l 
advantag e o f  th e Logi c Tes t  bu t  n o advantag e o n 
th e Statemen t  Test .  Wit h th e Logi c Test ,  operatio n 
learner s woul d b e expecte d t o atten d durin g th e 
learnin g o f  a  laiiguag e structur e t o it s interna l 
logic .  However ,  comprehensio n learner s woul d onl y 
attemp t  t o remembe r  th e globa l  feature s o f  th e 
structure ,  makin g n o clos e distinctio n betwee n th e 
essentia l  feature s an d thos e arisin g fro m it s 
illustrativ e context .  A  comprehensio n learne r 
woul d b e expecte d t o accep t  th e exampl e a s give n 
and alway s wor k withi n th e framewor k unti l  h e wa s 
presente d wit h a  different ,  example .  Th e operatio n 
learne r  woul d thu s hav e a n advantag e whe n face d 
wit h th e Logi c Test ,  becaus e h e woul d hav e a  clea r 
ide a o f  th e essentia l  feature s o f  th e structur e 
independen t  o f  context .  Structure s coul d 
therefor e b e readil y assembled ,  withou t 
interference ,  t o complet e th e proble m program . 
The operatio n learne r  woul d als o b e expecte d t o 
gai n a  secon d advantag e b y applyin g a n 
operatio n strateg y t o th e proble m itself . 
The Statement Test would not be expected to 
be s o sensitiv e t o learnin g style ,  al l  error s 
bein g containe d withi n individua l  statement s an d 
not  bein g relate d t o th e logi c o f  th e programs . 
They shoul d therefor e b e iaentiflabi e fro m 
incidenta l  learnin g o f  th e surfac e feature s o f 
th e language .  The y woul d no t  'loo k right '  t o 
anyon e wh o ha d bee n expose d t o FORTRAN, 
irrespectiv e o f  hi s understandin g o f  th e working s 
of  th e language . 
Four programming studies were conducted on 
differen t  group s o f  student s attendin g a  standar d 
FORTRAN course ,  th e onl y additio n bein g a  reques t 
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3.  stag e 2 :  Cognitiv e Styl e t o Learne r  Strateg y 

The research reported above focussed on the 
rol e o f  cognitiv e styl e i n learning .  However ,  i n 
orde r  t o appl y th e finding s t o designin g educationa l 
and guidanc e system s fo r  unsuccessfu l  students ,  on e 
must  translat e styl e int o strategy .  Protoco l  dat a 
therefor e wa s collecte d durin g th e first ,  thir d an d 
fourt h programmin g stud y o n subjects '  learnin g 
activitie s durin g th e lecture s an d practlcals .  I n 
th e fourt h stud y a  compute r  base d concep t  elicita -
tio n techniqu e wa s use d t o recor d th e changin g 
understandin g o f  concept s durin g th e course .  Th e 
protoco l  studie s concentrate d o n subject s wit h a n 
extrem e operatio n learnin g (10 )  an d extrem e 
comprehensio n learnin g (8 )  bias . 
The research has provided a description of 
tw o classe s o f  strategi c element :  thos e concerne d 
wit h menta l  processin g an d thos e concerne d wit h 
learnin g activities .  Fro m thes e tw o classe s i t  i s 
possibl e t o identif y mode l  strategie s whic h ar e 
simila r  t o competenc e model s i n linguistics .  I n 
th e presenc e instanc e ou r  mode l  strategie s als o 
hav e sufficien t  empirica l  foundatio n t o provid e a 
basi s bot h fo r  plannin g furthe r  researc h an d 
guidin g instruction . 
Learning to use any symbol system requires 
th e studen t  bot h t o progressivel y identif y 
acceptabl e structure s an d t o appl y the m t o som e 
processin g objective .  Moreover ,  th e competen t  us e 
of  a  symbo l  syste m implie s th e abilit y  t o perceiv e 
structure s a t  man y differen t  level s (Va n Dijk , 
1977) .  A  symbo l  system ,  therefore ,  ha s bot h 
microstructur e an d macrostructure .  Bot h level s 
shoul d b e bor n i n min d whe n interpretin g ou r 
findings .  Gree n e t  a l  (1981 )  emphasise s th e 
importanc e o f  macrostructur e fo r  th e writin g an d 
debuggin g o f  programs . 
Operation learners appear to actively use 
bot h lectur e an d practica l  sessions .  Th e forme r 
ar e use d fo r  recordin g facts ,  th e learne r  ensurin g 
tha t  th e lecturer' s statement s an d example s ar e 
recorde d accuratel y i n full .  Example s ar e als o 
recorde d carefully ,  th e operatio n learner' s 
prioritie s bein g a )  t o cop y th e example ,  b )  t o 
follo w th e lecturer' s analysi s o f  th e logica l 
relation s betwee n statements ,  c )  t o conside r 
alternativ e method s o f  achievin g th e sam e 
programmin g objective .  I n b )  an d c )  th e operatio n 
learne r  work s fro m "inside "  th e code ,  payin g clos e 
attentio n t o th e logica l  relation s betwee n 
statements .  B y followin g thes e activities ,  th e 
studen t  leave s th e lectur e wit h a n accurat e an d 
relativel y uninterprete d recor d o f  th e structure s 
discusse d an d th e example s given ,  an d understandin g 
th e interna l  logi c o f  mos t  o f  th e exanples . 

The major learning activity of operation 
learner s take s plac e durin g practicals .  Her e the y 
continu e t o buil d thei r  knowledg e o f  th e functiona l 
relation s betwee n low-leve l  languag e structure s s o 
leadin g t o a  knowledg e o f  usefu l  macrostructures . 
Thi s agai n appear s t o b e achieve d fro m th e "inside " 
by ,  fo r  example ,  seekin g variou s combination s o f 
statement s whic h wil l  achiev e th e sam e processin g 
objective .  Operatio n learner s thu s buil d 
considerabl e knowledg e o f  th e computationa l 
possibilitie s o f  combination s o f  statement s an d 
rapidl y develo p a  ric h sens e o f  macrostructure . 
The compute r  i s itsel f  th e instructor ,  referenc e 
onl y bein g mad e t o externa l  informatio n suc h a s 
th e principle s behin d th e loca l  implementatio n o f 
FORTRAN o r  th e desig n o f  th e loca l  operatio n 
syste m whe n prompte d b y a  progra m failur e whic h 
canno t  otherwis e b e corrected .  Throug h th e 
practicals ,  th e operatio n learne r  develop s a n 
understandin g o f  th e logi c o f  progra m desig n 
and skill s  relate d t o debuggin g an d avoidanc e o f 
errors . 

Comprehensio n learners ,  however ,  adop t  a 
ver y differen t  distributio n o f  activity .  Durin g 
lecture s the y attemp t  t o achiev e wha t  th e 
operatio n learne r  reserve s fo r  practica l  sessions . 
The comprehensio n learne r  perform s significan t 
"o n line "  processin g an d i s rarel y full y  engage d 
i n simpl y reportin g fact s an d examples .  H e 
rarel y take s verbati m notes ,  rathe r  recordin g th e 
abstracte d o r  generalize d result s o f  hi s 
processin g o f  th e lectur e material .  Suc h 
processin g is ,  o f  course ,  carrie d ou t  withou t  th e 
ai d o f  th e computer .  Significan t  structur e i s 
therefor e determine d b y referenc e b o externa l 
source s o f  informatio n fro m relate d domain s suc h 
as FORTRAN desig n principle s o r  detail s 
concernin g th e loca l  machine .  Wher e relevan t 
informatio n i s no t  available ,  th e comprehensio n 
learne r  tend s t o creat e determinin g principle s 
fo r  himsel f  rathe r  tha n stor e th e low-leve l 
informatio n i n unintegrate d form .  Th e 
comprehensio n learne r  thu s leave s th e lectur e 
wit h represntation s o f  languag e structure s 
whic h hav e bee n determine d t o som e exten t  b y 
factor s externa l  t o FORTRAN an d whic h hav e neve r 
been validate d b y a n actua l  compute r  run . 
Moreover ,  hi s knowledg e o f  structur e doe s no t 
tha t  student s complet e th e Spy-Rin g Histor y Tes t 
earl y i n th e cours e an d th e prograranin g test s a t 
th e end .  A  tota l  sampl e o f  4 2 subject s complete d 
al l  task s ove r  a  mai n stud y an d fou r 
replications .  Th e Spy-Rin g Tes t  yielde d fo r 
eac h subjec t  a  scor e o f  operation ,  comprehensio n 
and incidenta l  learning .  Th e Logi c Tes t  wa s 
score d usin g a  coun t  o f  simpl e first-orde r 
transitiona l  error s an d th e Statemen t  Tes t  wa s 
score d usin g th e signal-detectio n theor y measur e 
of  P(A) .  Relationship s wer e assesse d usin g 
Pearso n Correlatio n Coefficients . 

The results for all these studies revealed 
one stabl e significan t  relationshi p (.0 5 level ) 
betwee n th e exercis e o f  operatio n learnin g an d th e 
Logi c Test .  Interpretin g thi s result  usin g Pask' s 
(1975 )  theor y an d ou r  ow n confirmator y 
factor-analysi s o f  th e Spy-Rin g Test , 
i t  wa s conclude d tha t  th e skil l  o f  assemblin g 
statement s int o program s wa s bes t  acquire d b y 
subject s who : 

paid close attention to details; 
-  systematicall y abstracte d th e critica l 

feature s o f  programmin g structures ; 
-  represente d structura l  relation s i n 

rul e form . 
Evidence of the relationship between cognitive 
styl e an d th e Statemen t  Tes t  wa s inconclusive , 
althoug h contrar y t o ou r  hypothesi s ther e 
appeare d t o b e a  wea k relationshi p wit h operatio n 
learning . 
From results at this stage it was possible 
t o mak e 4  assertion s concernin g th e learnin g o f 
FORTRAN: 
1) One can define at least 2 different 

learnin g style s i n a  populatio n o f 
novic e compute r  users . 

2)  Thos e exhibitin g significan t 
operatio n learnin g ar e mor e successfu l 
at  assemblin g languag e structure s int o 
an effectiv e algorithm . 

3)  Th e successfu l  learnin g styl e i s 
define d b y clos e attentio n t o detai l 
and a  preferenc e fo r  procedura l 
representation . 

4)  Successfu l  identificatio n o f 
individua l  languag e structure s i s 
independen t  o f  learnin g style . 
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develo p beyon d thi s poin t  becaus e h e als o fail s  t o 
tak e advantag e o f  practical s t o conduc t 
validation .  Th e comprehensio n learne r  thu s leave s 
a course  wit h a  descriptiv e knowledg e o f  individual , 
low-leve l  structure s bu t  n o reliable ,  teste d 
knowledg e o f  raacrostructure. 

5. Some Final Remarks 

The above accounts suggest that all students 
shoul d b e encourage d t o us e a n operationa l  strategy . 
However ,  Pas k (1976 )  propose s tha t  comprehensio n 
learner s shoul d b e lef t  wit h thei r  natura l  styl e 
but  with : 

accurate conceptual and supporting 
information ; 
encouragemen t  t o solv e problem s i n a 
structure d environment . 

It may be argued that the unique 
characteristic s o f  FORTRAN an d th e specifi c 
natur e o f  th e Liverpoo l  cours e mak e genera l 
proposal s premature .  Whils t  acceptin g thi s 
possibility ,  w e believ e tha t  th e effect s o f 
operatio n an d comprehensio n style s ar e 
sufficientl y universa l  tha t  simila r  difference s 
wil l  b e foun d wit h othe r  language s an d computin g 
situations .  Althoug h difference s i n detai l  may 
exist ,  w e propos e tha t  whils t  programmin g require s 
precis e specificatio n o f  code ,  an d whils t 
language s fai l  t o mak e raacrostructure  perceptuall y 
eviden t  an d ar e implemente d o n machine s no t 
easil y modelle d b y th e novice ,  simila r  effect s 
wil l  b e found . 
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