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Knowledg e Structure s o f  Compute r  Programner s 

Beth Adelson 
Harvar d Universit y 

Thre e resedrc n ijestlon s ar e lidressei i 

nere: '^hai are me <no«ledif structures ot 

novice and expeit orojr^'^'^ers; ^nai princi-

ples underlie these structures; and how is 

the <no*le'))e used.' The results ot the two 

experiments nescrioed nere indicate that 

novices form syntactically oasei) represerlt^-

tions ot pro-jrams .uhlcti are concerned with 

the details ot ho* the program tunctions 

While experts form ,nore ahstract conceptually 

Dase) representjl Ions Ahich are concerned 

dith that tne pioiraT, does. The results of 

these expeiiinents suggest mat the represen-

tation use-l in d LasK constrains per f ormance 

and that ne* representations develop with 

exper t i se . 

tJiaeLiiieaL i. 

In this txperiment novice and Kxpert 

computer ptograiiniers pertorm a multi-trial 

tree recall tasK CUeH). The stimulus set 

consists ot lines ot pro-jraTimina code wriicn 

can be organized either syntactically or con-

ceptually, rne clusters found in the recall 

protocols ot each group will sugyest the 

nature ot ttie kno»ledge structures of each 

group. 

iuaiecti. Kive Novice anJ five Lxpert pro-

grammers torined the two jroups of subjects. 

Stimuil. The organization of trie stimulus 

set Is central to this experiment. rne 

stimuli cotislsted ot lb lines ot code in 

Polymorphic Frogrammin j Lanjuage (•'PPL"is a 

language similar to APL) which could be 

organized either syntactically or 

procedurally.Under the Procedural cldsslfica-

tlo n th e item s (line s o t  code )  ca n b e organ -

ized into three projraiis: the first Is a 

sortlnj routine, tne second and the third are 

random sampling routines. The second basis 

for the classification of the stimulus set Is 

syntactic, »im syntax being used here the 

way It Is used to describe natural language. 

Different control phrases ot the computer 

language act as different parts of speech in 

that they expect certain other icinds of con-

trol phrases to precede or follow them.lnere 

are five ilttetent syntactic categories 

present in the stimulus set. 

ELacedute. Kacri subject sa* all ot the 

items ,  on e a t  a  tim e ^n d the n ha d t o recal l 

as many ot tiie items as possible. fhis pro-

cedure WHS repeated nine times.The stimulus 

set uas presented in a dittercnt random order 

on each trial. I'he presentation ot items was 

not blocKed eltrier by program or by syntactic 

category. Neither group icne* wtiat the organ-

ization of the stimulus set was although both 

groups were familiar with the syntax of the 

Ian luage as well as the concepts behind ttie 

three programs. 

Ue^ults aod ulscussiao. 

The Novices recalled sijnitleant ly more than 

the Experts, ttiey also had larger chunKs and 

more consistent subjective organization. In 

order to look at tlie orjanization underlying 

these guantitative results multi-dimensional 

scalinjs and hierarchical clusterings were 

done on the recall protocols of each gioup. 

In figure 1 we see ttie two-dimensional scal-

ing solution 

Inser t h igure 1 Here. 

ot tnler-iLem sm.ilarity tor the Movlce 

jroup. fnt- points in the solution are the 
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Items ,  the y ai e labelle d b y syntacti c 

category .  ih e procedura l  class!tIcalio n o f 

eac h Ite m i s jlve n I n parentheses .  Fo r  th e 

Novice s th e Item s cluste r  b y syntacti c 

category ;  th e Assiijamen t  statenents ,  (th e 

A ' s ) ,  cluste r  i n th e tirs t  quadran t  wit h th e 

Conditiona l  I f  statement s (th e I's )  aroun d 

them .  rti e iteratio n o r  KOR statement s (th e 

F's )  cluste r  i n th e secon d quadrant ,  th e 

functio n Header s (th e H's )  cluste r  i n th e 

thir d quadtan t  an d th e KLTURf J statement s (th e 

R's )  cluste r  i n th e fourt h quadrant . 

Ihbert Figure 2 Here. 

The t *o-dimens ional scaiin^j solution for 

th e Fxper t  arou p i s presente d i n Figur e two . 

Her e w e se e th e sam e se t  o f  items ,  bu t  thi s 

tim e the y cluste r  b y program .  i n th e label -

lin g o f  th e item s th e firs t  numbe r  fo r  a n 

ite m represent s th e progra m tha t  i t  belong s 

to ,  th e secon d numoe r  to r  a n ite m represent s 

it s posito n i n th e program .  l-o r  exampl e ite m 

2. 0 i s tri e firs t  ite m i n progra m two .  Th e 

item s fro m progra m one ,  thos e labelle d 1, 0 

throug h 1.4 ,  ar e i n tri e firs t  (luadrant .  Th e 

item s fro m progra m i. ,  thos e labelle d <; .  0 

throug h 2.4 ,  ar e i n th e thir d quadran t  an d 

th e item s fro m progra m three ,  thos e labelle d 

3. 0 throug h 3.5 ,  ar e i n th e fourt h quadrant . 

The syntacti c classificatio n i s give n her e i n 

parentheses ,  i t  doe s no t  captur e th e cluster s 

of  th e Expert s th e wa y i t  di d th e cluster s o f 

th e Novices .  Th e origina l  recal l  protocol s 

als o showe d tha t  edc U o f  th e Lxper t  subject s 

recalle d al l  o f  th e line s fro m al l  thre e pro -

gram s i n th e orde r  i n whic h the y woul d hav e 

bee n evaluate d i n a  runnin g program,thi s sug -

gest s tha t  th e bxpert s ar e usin g thei r 

knowledg e o f  th e seria l  natur e o f  compute r 

program s t o organiz e th e item s withi n a  clus -

ter ,  i t  appear s tha t  th e cluster s o f  th e 

Exper t  subject s ar e mor e abstrac t  an d concep -

tua l  tha n th e syntacti c cluster s o f  th e 

Novic e subjects .  Her e a s i n othe r  skille d 

proble m solvin g domain s w e fin d tha t  th e 

chunk s o f  th e expert s ar e base d o n th e func -

tiona l  principle s o f  th e skill ;  item s ar e 

categorize d a s member s o t  on e procedur e o r 

anothe r  an d ar e the n organize d seriall y 

withi n thos e procedura l  categories .  Th e 

chunk s o t  th e iJovice s however ,  at e no t  func -

tionall y based ,  the y ai e syntacti c i n nature . 

I n addition ,  th e recal l  protocol s o f  th e 

Novice s sriowe d n o interna l  organizatio n o f 

th e item s otrie r  tha n th e groupin g b y syntac -

ti c category ,  tha t  i s  withi n th e Novic e 

categorie s trier e wa s n o regularit y a s ther e 

was i n th e Exper t  cate-jories . 

l:.xa£I.lu&QL 11 

The result s o f  th e firs t  experimen t  sug -

geste d tha t  th e organizatio n o f  tn e Novice s 

was syntacti c wnil e th e organizatio n o t  tli e 

Expert s wa s functional .  I t  i s  possibl e then , 

tha t  whe n give n wliol e program s t o comprehen d 

expert s for m a n abstrac t  representatio n tha t 

i s concerne d no t  wit h th e specifi c  mechanic s 

of  a  give n algorith m bu t  onl y wit h niha l  i t  i s 

tha t  th e progra m does .  U  I s als o possibl e 

tha t  a  representatio n forme d b y a  novice , 

becaus e i t  i s  syriactica l  l y  base d woul d o e 

more concerne d wit h iio u th e specifi c  progra m 

functioned .  Th e secon d experimen t  presente d 

her e wa s designe d t o chec k ou t  th e possibil -

it y  tha t  durin g progra m comprehensio n novice s 

for m representation s o t  ho w program s func -

tion ,  whil e expert s for m representation s o t 

what  program s do . 

The strateg y use d t o loo k a t  thi s possi -

bilit y • -  • -  "-•• -  -...I .  .„,, » :.„ H .,r „ 
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bot h type s o t  represeiitd t  i  ori s an d ttie n t o 

loo k a t  th e resiJltin j  perlorTsnc e I n e^c h 

situation . 

:iutiiecti. ine subjects »ere a jroup ot 

Novic e an' J a  grou p o £ Lxper l  programmers . 

iLiauii .  m e sti-nul i  consiste d o f  eiqn t  hp l 

projr-i'̂ s  •it h t* o type s o f  t ie *  chart s an d 

tw o type s o t  question s fo r  eact \  o f  th e eigii t 

projra'ns .  Ih e t lo *  chart s consiste d o f  Lo « 

retai l  fio *  chart s Aihlct i  descrioe d wha t  th e 

proiraj i  Ji d an d Hig h Detai l  tlo « chart s *hic h 

describe d no *  th e progra m functioned .  in e 

(jaestion s consiste d o t  Lo x Detai l  question s 

*hlc h asKe d a  questio n abou t  *ha t  th e progra m 

'Ji d an d lli-j h Detai l  question s *tiic n asKe d a 

questio n abou t  h o s  th e proqtdi i  functioned . 

titacedujie .  i n orde r  t o encouraq e subject s t o 

for m a  representatio n a t  on e leve l  o f 

abstractio n o t  anothe r  subject s wer e firs t 

shown a  tlo *  ctjar t  o f  a  progra n a t  a  give n 

leve l  o f  abstract ion .  Ine y wer e the n show n 

th e actua l  progra m alon g wit h a  questio n 

abou t  th e program .  Afte r  seein g tti e progra m 

itself ,  alon g wit h th e questio n th e subject s 

answere d tn e questio n .  Leve l  o t  detai l  o t 

th e flo w char t  *a s combine d wit h leve l  o t 

detai l  o f  th e questioi ^  t o for m tou r  condi -

tion s fo r  eac h grou p o t  subjects ;  t« o 

"congruent "  condit ion s an d tw o "non -

congruent "  condi t ions .  I n th e tw o congruen t 

condition s subject s sa w eittie r  a  Lo *  Detai l 

flo w char t  an d the n a  Lo *  Detai l  questio n o r 

a Hig h Detai l  tlo « char t  an d the n a  Hig h 

Detai l  guestlon .  I n tn e t/i o "non-congruent " 

condition s subject s sa w eithe r  a  Lo w Detai l 

flo w Char t  an d the n a  Hig h Detai l  guestlo n o r 

a Hig h Detai l  flo w char t  an d the n a  Lo w 

Detai I  ques t  ion . 

Iw o time s Aer e recorded :  Comprenen s i  o n 

tine ,  tha t  i s tti e tim e i t  too < tn e subjec t  t o 

sa y tha t  s/h e understoo d th e flo w char t  wel l 

eno u ) h t o q o o n an d stui y th e progra m an d th e 

questio n togetfje r  an d questio n t ine ,  tha t  i s 

tri e tim e interva l  betwee n seein g th e progra m 

wit h th e questio n an d oein q abl e t o *rlt e 

down th e aiiswer . 

A "Cod e unly "  contro l  condito n wa s 

include d i n *nicr i  subject s sa *  tri e prorra m 

itsel f  immediatel y an d ttie n sa *  th e sam e pro -

gra m agai n *itr i  tti e question . 

iie^uXL^ aad Uiscus&lou 

1.  Comprehensio n Tim e 

(interva l  oetwee n seeiii q th e flo w char t 

and understanain g it ) 

Comparin g th e result s o t  th e Lo w Detai l , 

Hig h Detai l  an d Cod e Unl y condi t ions ,  sub -

ject s understoo d th e Lo w Detai l  flo w chart s 

more quickl y tha n th e HIj h Detai l  flo w chart s 

and th e Hig h Detai l  flo w chart s mor e quickl y 

tha n th e cod e alone .  Ih e tlo *  chart s d o see m 

t o ai d comprehensio n an d i t  appear s tha t  the y 

do s o b y orqaniii n 1  th e informatio n fo r  th e 

subject s rathe r  ttia n b y jus t  reducin g th e 

informatio n sinc e tn e Hig h Detai l  flo w 

charts ,  whic h ha d mor e unit s o n th e averag e 

tha n th e cod e wer e understoo d mor e <iuickl y 

tha n th e cod e alon e i n th e Cod e unl y contro l 

conditio n (Unit s ar e boxe s i n th e flo w char t 

or  singl e line s i n th e code. ) 

II. yuestion lime (interval between seeini 

tri e questio n an d bei n )  abl e t o answe r  It ) 

A.  Non-conqruen t  Conditon s (her e th e 

leve l  o f  detai l  o t  tti e flo w char t  an d th e 

guestlo n d o no t  matcti ) 

Ih e result s o f  tli e non-congruen t  condi -

tion s giv e u s informatio n abou t  eac h group' s 

most  natura l  leve l  o t  abstraction .  th e 
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rational e behin d thi s I s tha t  th e flo w chart s 

prepar e th e subject s t o represen t  th e cod e a t 

one leve l  o t  abstractio n o r  another .  I t  th e 

leve l  the n turn s ou t  t o b e inappropriat e to r 

answerin g th e questiot i  subject s *il l  b e sub -

stantiall y  slowe d dow n i t  th e appropriat e 

leve l  i s  als o no t  th e leve l  whic h the y usu -

all y use .  U n th e othe r  han d i t  tli e appropri -

at e leve l  i s  th e leve l  *hic h the y usuall y us e 

the y shoul d stil l  b e abl e t o quickl y tor m •= > 

representatio n a t  tha t  level . 

Insert Ki lure i Here. 

Looking at the lett hand side ot Fiqure J *e 

se e tha t  tri e Novice s ar e actuall y faste r  tha n 

th e Expert s whe n answerin g a  Hig h Detai l 

questio n althoug h « e se e o n th e righ t  han d 

sid e tha t  th e txpert s ar e faste r  tha n th e 

Novice s When answerin g a  Lo w Detai l  question . 

That  th e Novice s ar e faste r  tha n th e f:xpert s 

when havin g t o answe r  a  Hig h Detai l  questio n 

indicate s tha t  th e Novice s ar e use d t o form -

in g Hig h Detail ,  tha t  i s  non-abstract , 

specifi c representation s o t  ho w program s 

function .  Tha t  tri e txpert s ar e teste r  tha n 

th e Novice s wrie n havin g t o answe r  a  Lo * 

Detai l  questio n indicate s tha t  th e txpert s 

ar e use d t o formin g Lo w Detail ,  tha t  i s 

abstrac t  representation s o f  wha t  a  progra m i s 

doing .  Th e erro r  rate s to r  th e non-congruen t 

and Cod e Unl y condition s bot h sho w th e sam e 

interaction .  Novice s d o wel l  o n Hig h Detai l 

question s whil e txpert s d o wel l  o n Lo w Detai l 

questions . 

progra m function s whil e txpert s represen t 

what  a  progra m does .  Althoug h i t  seem s dif -

ficul t  fo r  bot h group s t o switc h fro m thei r 

preferre d level s o f  representatio n whe n the y 

hav e bee n encourage d t o us e them ,  I t  i s  stil l 

possibl e tha t  bot h group s ca n for m effectiv e 

representation s a t  thei r  non-preferre d level s 

i f  the y ar e give n th e prope r  aid .  Ttii s  i s 

what  wa s don e i n th e congruen t  condltons . 

The result s o t  thes e condlton s showe d tha t 

bot h Novice s an d txpert s answere d botf i  Hig h 

and Lo w Detai l  question s equall y quickl y sug -

gestin g tha t  the y ca n b e somewha t  flexibl e i n 

thei r  encoding . 

CoocXu&lao& 

The result s o t  th e tw o experiment s 

reporte d her e sugges t  tha t  Novic e an d Kxper t 

compute r  programmer s represen t  informatio n 

abou t  program s differently .  Th e representa -

tion s o f  th e txpert s i s mor e abstrac t  an d i s 

base d o n wha t  th e progra m does ,  whil e th e 

representatio n o f  th e Novice s i s mor e 

detaile d an a i s base d o n ho w th e progra m 

functions .  Ihes e difference s als o influenc e 

tli e utilizalio n o t  ^n e informatio n bein g 

represented . 

b.  Congruen t  Condlton s (her e th e leve l 

ot  detai l  o f  th e flo w 

char t  an d th e questio n matc h ) 

The result s o f  th e Non-congruen t  Condi -

tion s sugges t  tha t  Novice s (t o represen t  ho w a 
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