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Abstrac t 

Learning a complex skill such as programming 
require s th e development s an d us e o f  conceptua l 
models ,  bot h o f  th e concept s i n th e programmin g 
language ,  an d th e 'behaviour '  o f  th e machine .  Th e 
latte r  ha s bee n referre d t o a s th e 'notiona l 
machine '  (d u Boulay ,  B. ,  O'Shea ,  T .  an d Monk , 
1981) .  Suc h a  conceptua l  model ,  however ,  mus t 
Interac t  an d buil d upo n model s an d metaphor s whic h 
student s alread y have .  I t  i s  thes e metaphor s an d 
some technique s fo r  studyin g the m whic h ar e 
discusse d i n thi s paper . 
Introduction and Background 
Behavioural studies of programming are motivated by 
a diversit y o f  >oals ,  fo r  exampl e a  desir e t o 
understan d th e tas k bette r  an d thu s ho w i t  ca n b e 
Derforme d mor e efficientlv :  o r  a  concer n abou t  th e 
Importanc e o f  developin g procedura l  literacy ,  (fo r 
example .  Shell ,  1980 ,  (b) )  o r  a n interes t  i n pro -
grammin g a s a n applie d exampl e o f  a  hig h leve l 
skill .  I t  i s  th e latter ,  mainly ,  whic h motivate s 
th e presen t  study :  th e overal l  question ,  althoug h 
I t  i s  fa r  fro m simple ,  ca n b e simpl y phrase d 'Wha t 
goes o n i n th e min d o f  th e learne r  prograamxer? ' Ther e i s no w a  substantia l  bod y o f  researc h o n pro -
gramming ,  althoug h Shell ,  (1980 )  argue s tha t  man y 
empirica l  studie s o f  programmin g hav e adde d ver y 
littl e t o ou r  knowledg e o f  wha t  i t  mean s t o lear n 
prograimning ,  partl y becaus e th e methodolog y i s 
fraugh t  wit h difficultie s bu t  mainl y becaus e w e 
stil l  kno w s o littl e abou t  wha t  th e tas k entails : 
how programmin g knowledg e i s organize d an d ho w i t 
can b e represented .  Ther e i s som e agreemen t  tha t 
i t  ca n b e though t  o f  a s a  collectio n o f  units ,  (o r 
'frames' ,  'paradigms '  o r  'schemas' )  organise d a s 
progra m fragment s wit h a  se t  o f  proposition s abou t 
It s behaviou r  an d rule s fo r  combinin g i t  wit h 
others .  (Ric h 1978 ,  Floyd ,  1979. )  Ther e i s n o 
evidence ,  however ,  tha t  novice s hav e acces s t o suc h 
structures ;  o n th e contrary ,  studie s o f  th e know -
ledg e organizatio n o f  expert s an d novices ,  i n th e 
programmin g domain ,  indicat e no t  unsurprisingly , 
tha t  novice s lac k suc h organizin g schemas . 
(McKeithe n an d Reitman ,  1981 ;  Adelso n 1981) .  I t 
has bee n argue d (d u Boulay ,  O'She a an d Monk ,  1981. ) 
tha t  on e o f  th e difficultie s o f  teachin g a  novic e 
programmin g I s ho w t o describ e a t  th e righ t  leve l 
of  detai l  th e machin e sh e i s learnin g t o control ; 
and a s a  wa y o f  doin g thi s the y sugges t  teachin g 
usin g th e ide a o f  a  notiona l  machin e -  a n idealise d 
conceptua l  compute r  whos e propertie s ar e implie d b y 
th e construct s i n th e prograomiin g languag e 
employed .  Th e notiona l  machin e i s simila r  t o th e 
'transactions '  whic h Maye r  use s t o describ e th e 
working s o f  a  BASI C machin e (Mayer ,  1979) ,  an d 
als o suggest s a s a  basi s fo r  teachin g BASIC .  Othe r 
studies ,  (e.g .  Miller ,  197A )  hav e als o emphasize d 
providin g novice s wit h carefull y though t  ou t  meta -
phor s an d model s t o hel p the m learn .  Th e gap , 
however .  I n al l  thi s i s wha t  th e learne r  hersel f 
bring s t o th e situation ,  an d tha t  is ,  al l  he r 
pas t  experienc e an d knowledg e whic h wil l  b e use d 
t o interpre t  an d organiz e th e ne w materia l  tha t  i s 
t o b e learnt .  Althoug h programmin g ha s man y 
specialise d terms ,  man y word s d o hav e everyda y 
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meaning s an d association s whic h ar e differen t  fro m 
thei r  programmin g us e an d may no t  facilitat e th e 
learnin g process .  Suc h word s wil l  no t  necessaril y 
hav e a  share d meanin g amon g novices .  McKeithe n an d 
Reitma n (1981) ,  i n studyin g th e organizatio n o f 
programmin g knowledg e foun d tha t  beginners '  organi -
zation s sho w a  ric h variet y o f  common languag e 
association s t o thes e programmin g concepts .  Botts ' 
stud y o f  learnin g ho w t o us e a  tex t  editor ,  (Bott , 
1979 )  suggest s tha t  suc h pre-association s ar e 
powerfu l  an d pervasive ,  an d may no t  b e easil y re -
place d b y ne w metaphor s an d models . 
The Stud y 

The study of novice programmers' Initial metaphors 
and model s i s bein g investigate d a s par t  o f  a 
large r  stud y o f  ho w student s lear n tw o ver y dif -
feren t  programmin g languages :  onl y on e o f  whic h 
wil l  b e discusse d here ,  a  languag e calle d SOLO. 
The student s usin g SOLO ar e takin g a n Ope n Univer -
sit y Cognitiv e Psycholog y course ;  an d SOLO provide s 
an environmen t  fo r  the m t o manipulat e a n asser -
tiona l  dat a base ,  a s a  too l  fo r  learnin g an d 
thinkin g abou t  knowledg e representation .  I t  wa s 
designe d t o mak e lif e eas y a s possibl e fo r  tota l 
novice s b y bein g restricte d t o a  smal l  numbe r  o f 
primitives ,  an d Incorporatin g man y use r  aids ,  suc h 
as a  spellin g corrector .  Nevertheless ,  learnin g t o 
progra m i n SOLO i s b y n o mean s trivial ,  an d s o i t 
has bee n necessar y t o fin d ou t  wha t  problem s th e 
student s hav e s o tha t  th e programmin g envlrormen t 
ca n b e tailore d t o sui t  thei r  needs .  (Eisenstadt , 
Laubsc h an d Kahrey ,  1981) .  I n orde r  t o buil d a 
reall y fool-proo f  environmen t  i t  i s  necessar y t o 
understan d precisel y wha t  th e novic e reall y think s 
i s goin g o n insid e th e SOLO machine .  Of  course , 
tryin g t o fin d ou t  wha t  someon e 'reall y thinks '  I s 
goin g o n i s a  tal l  order ,  an d t o a  larg e exten t 
thi s stud y ha s bee n concerne d wit h explorin g meth -
odologie s whic h wil l  provid e 'windows '  int o novi -
ces '  conceptua l  model s o f  th e SOLO machine . 
Severa l  suc h window s hav e bee n explored :  student s 
wer e aske d t o actuall y star t  learnin g SOLO i n th e 
laborator y an d t o tal k alou d whil e doin g th e 
exercise s i n th e primer ,  (fo r  thi s study ,  th e fac t 
tha t  SOLO i s learn t  a t  a  distance ,  fro m a  cor -
respondenc e text ,  i s  a  grea t  advantage ,  a s th e 
teachin g metho d an d technique s use d ar e mad e 
explici t  an d ar e consisten t  acros s students) ;  the y 
ar e interviewe d an d aske d t o tal k abou t  som e o f  th e 
concept s befor e the y started ;  the y complete d 
Repertor y grids ,  (Kelly ,  1970 )  an d th e worke d 
throug h som e ver y simpl e exercises .  Th e nex t 
sectio n wil l  briefl y discus s th e virtue s an d 
problem s o f  som e methodologie s fo r  specificall y 
explorin g th e metaphor s an d model s whic h student s 
brin g wit h them ,  an d som e example s o f  these . 

The Repertor y gri d 

Repertory grids are usually used to elicit con-
struct s rathe r  mor e genera l  Cha a chos e concept s 
use d i n programming .  The y ar e a  wa y o f  findin g ou c 
how a  perso n cacegocize a Ch e worl d o r  som e par e o f 
Che world .  Oche r  studie s o f  knowledg e structures , 
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ar e organised .  Th e approac h use d her e howeve r  wa s 
CO as k sttident s c o categoriz e Ch e accoa l  promicive s 
of  Ch e SOLO language ,  an d subject s calke d alou d 
whil e Che y di d cb e exercise .  I n chl s exercis e 
chey wer e show n chre e o f  ch e SOLO 'words '  o n cards , 
and aske d i f  ther e wa s a  wa y i n whic h cw o wer e 
alik e an d on e wa s dissimilar ;  an d col d cha c che y 
woul d Che n cacegorlz e Ch e res c o f  ch e card s 
accordin g t o Chi s construct .  Thi s i s repeace d 
unti l  n o mor e construct s ca n b e elicited .  I n doin g 
thi s I  wa s intereste d i n th e construct s a  subjec t 
woul d choose ,  give n th e freedo m t o carv e u p th e 
'SOL O world '  howeve r  sh e wanted ,  an d als o whecher , 
give n a  construc t  elicite d fro m ch e firs t  tripl e i t 
woul d b e possibl e c o cacegoriz e Ch e remainin g SOLO 
cerm s i n accordanc e wit h it .  Fo r  example ,  on e 
subjec t  starte d wit h NOTE (a n 'Assert '  function) , 
CHECK ( a 'retrieve '  function )  an d LIS T -  whic h 
list s procedures .  Sh e sai d cha t  NOTE wa s C o d o 
wit h 'Givin g (th e database )  ne w things '  wherea s 
CHECK an d LIS T hav e a  retrieva l  functio n -  'che y 
sho w yo u whac' s there. '  It' s  no t  clea r  ho w muc h 
sens e suc h construct s hav e fo r  th e res t  o f  th e 
primitives .  Thi s subject' s categorizatio n fo r  thi s 
construc t  was : 
"Giving new things" "Retrieval" 
DESCRIBE IF PRESENT 

NOTE I F ABSENT 
To (Definin g a  procedure )  CHECK 
CONTINUE EDI T 
EXI T 
PRINT 
PARAMETER 
VARIABLE 
FORCET (delete ) 
In this case, che conscruct does make some sense as 
a wa y o f  categorizin g Ch e SOLO Cerms .  A s migh t  b e 
expecte d fro m othe r  relate d studie s (e g Adelson , 
1981 )  man y o f  thes e beginne r  programmer s use d con -
struct s whic h wer e Idiosyncrati c an d relate d t o 
everyda y knowledg e a s muc h a s t o programmin g know -
ledge . 

Eliciting such constructs is clearly a hard activi-
t y fo r  beginner s (a s indee d i t  i s  fo r  experts) ,  bu t 
althoug h subject s foun d i t  demandin g che y als o 
foun d i c rewardin g a s i c force d the m t o chin k abou t 
how the y organize d thes e concept s whic h the y wer e 
not  awar e o f  havin g categorised .  Thi s thinkin g i t 
throug h become s explici t  i n thei r  verbalization . 
What  seem s C o b e happenin g C o Chi s i s Cha t  Ch e 
sCudenCs ar e learnin g whil e doin g Ch e Cask .  Whils t 
thi s i s excitin g an d ca n provid e ric h dat a i t  I s 
als o clearl y problemati c fo r  analysi s a s Ch e 
learner' s scac e i s changin g durin g th e exercise . 

Secondly, some students seem Co "chain" concepts; 
t o los e crac k o f  ch e conscruc c o r  categor y an d t o 
cacegoriz e eac h elemen t  o r  concept s (th e primi -
tives )  accordin g t o it s similarit y o r  otherwise , 
t o ch e previou s one . 

The grouping of the constructs for each subject and 
difference s betwee n subject s ha s no t  ye t  bee n 
analysed ,  an d so ,  overall ,  i c  i s  dlfficul c a c ch e 
momenc C o asses s ho w usefu l  Chi s cechniqu e wil l  be . 

befor e startin g c o lear n abou t  it .  Informatio n 
abou t  ho w a  studen t  interpret s a  certai n wor d 
befor e eve n startin g provide s a  baselin e fo r  inter -
pretin g thei r  behaviour .  Some Interpretation s ar e 
remarkabl y common,  ye t  unsurprising ,  (i n retro -
spect! )  "Parameter" ,  i f  i t  elicite d an y repl y a c 
all ,  wa s "llmlcs" ,  "boundaries "  "constraints" ,  • 
whic h i s no t  particularl y clos e c o ic s programmin g 
use .  'Node' ,  o n Ch e othe r  hand ,  whic h i s a  wor d 
use d i n SOLO' s semanti c network ,  wa s fo r  man y th e 
biologica l  'node '  o f  a  nerv e network ;  -  a  no t 
inappropriat e metaphor . 
Protocols of students working chrough exercises 
i n th e teachin g ces c wer e als o caken .  Conside r  Ch e 
followin g extrac t  fro m a  CranscripC ,  whic h conern s 
how procedure s cak e paramenters : 
"I think of it in relation to a sort of work pro-
cessor ,  tha t  i f  I  wa s doin g a  lo t  o f  letter s I 
woul d d o a  lette r  an d pu t  a n X  i n 'Dea r  X '  an d Che n 
eac h on e I' d jus t  prin t  i n Fred ,  Mary. ,  s o Cha t 
eac h lette r  " 
This metaphor is very useful for a novice thinking 
abou t  th e ide a o f  a  procedur e cakin g a  parameter . 
I t  shoul d b e stresse d howeve r  cha t  chi s i s  some -
Chin g Ch e learne r  bring s wit h her ;  n o matte r  wha t 
metaphor s ar e offere d i n th e teaching ,  th e studen t 
must  map wha t  she' s learnin g o n t o he r  ow n experi -
ence .  Normall y thi s i s a  'hidden '  activity ;  bu t 
par t  o f  th e ai m o f  thi s researc h I s t o mak e i t 
'explicit' -  Suc h informatio n ca n pa y dividend s 
later ,  a s suc h metaphor s ma y onl y b e usefu l  fo r 
a fragmen t  o f  time ,  o r  fo r  learnin g o n particula r 
thing .  I n th e abov e example ,  th e metapho r  le d t o 
expectation s abou t  th e wa y th e edito r  woul d behave , 
-  tha t  i t  woul d b e abl e t o delet e singl e word s 
withi n a  lin e o f  th e procedure ,  whic h di d no t 
matc h it s actua l  behaviour ,  a s i n fact ,  whol e line s 
must  b e deleted ,  an d yet ,  suc h belief s wer e per -
sistent .  Bot h (1978 )  cite s th e wa y i n whic h suc h 
expectation s ca n lea d t o interpretation s whic h ar e 
false ,  ye t  ver y pervasive ,  an d ho w complicate d 
storie s ar e constructe d t o accoun t  fo r  th e mismatc h 
betwee n expectatio n an d reality ,  befor e Ch e learne r 
finall y discar d a n inappropriat e schema . 

Conclusion s 

In helping novices to learn programming, it is not 
enoug h t o provid e metaphor s an d models .  I n addi -
tio n w e mus t  stud y th e model s an d metaphor s 
student s alread y have ,  an d whic h the y brin g wit h 
the m C o Ch e learnin g situation .  Thi s pape r  ha s 
discusse d suc h metaphor s an d possibl e methodolo -
gie s fo r  Investigatin g them .  Th e aex c sCe p i s C o 
examin e ho w existin g metaphor s interac t  wit h 
experienc e i n Ch e developmen t  o f  conceptua l  mode s 
of  a  programmin g language .  Thi s i s a  vita l  issu e 
i n understandin g ho w novice s lear n programming . 
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Concep t  InCervlew s an d Talkin g Chroug h Exercise s 

The mosc frulcful technique so far for investiga-
tin g metaphor s ha s bee n a  combinatio n o f  concep t 
interview s an d student s calkin g alou d whil e work -
in g throug h ch e exercise s i n Ch e promer .  I n Ch e 
'concept '  Interviews ,  subject s wer e aske d t o tal k 
abou t  som e o f  th e word s use d i n th e SOLO languag e 
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