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Knowledge Structures of Computer Programmers

Beth Adelson
Harvard University

fhree researcn juestions are aiddressed
nere: Ahat are the knosledje structures ot
novice and expelt projrammers; «hat princi=
ples underlie these structures; and how is
tne knos#ledje used? [he results of the two
experiments aescrioed nere indicate that
novices form syntactically vased representa-
tions ot proyrams ~hich 4re concerned with
the details ot how the proJram tunctions
#nile experts form nore abstract conceptually
pased representations snich are concerned
dith ahat tne proiyram does., Ihe results of
these experiments sujjest that the represen=
tation used in a t4sk constrains performance
and that nes representations develop with

expertise.

txperizent L

In this experiment Hovice and Expert
computer programmers pertorm a multi-trial
tree recall task (H4TtR). he stimulus set
consists ot lines ot progyramming code whicn
can be ordydnlized either syntactically or con=
ceptually. [ne clusters tound in the recall
protocols ot each group will suudgest the
nature ot the knosledje structures of each

group.

Metbad.

Sunjects. Five Novice and tive kxpert pro-
grammers tormed the two jroups of subjects.
Stimull, I'he organization of the stimulus
set s central to this experiment. T[he
stimull consisted ot 16 lines of code 1n
Polymorphic Programminj Laniuage ("PPL"1s a
languayge similar to APL) w#hich could be

orjanized either syntactically or

procedurally.Under the procedurdl classifica=-

tion the items (lines ot code) can be organ=
ized into three Projrams: the tirst {s a
sortinj routine, tne second and the third are
random samplingy routines. The second basis
for the classitication ot the stimulus set |s
syntactic, witn syntax bein3y used here the
way It {s used to describe natural langquage.
Different control phrases of the computer
languaje act as ditterent parts of speech in
that they expect certain otner kinds of con=
trol phrases to precede or follos them.lhere
are five iditterent syntactic categories
present in the slimulus set.

Bracedure. tkacn subject sas all ot the

items, one at a time 4nd then had to recall
d4s many ot the items as possible, I'nis pro-
ce-jure +#ds repeated nine times.lhe stimulus
set w#as presented in a ditterent random order
on each trial., [fhe presentation ot ltems was
not blocked efther by proaram or by syntactic
cateqgory. Nejther group Knea what the or:jan-
ization of tne stimulus set xas althoujh both
groups were familiar ~#ith the syntax ot the
lanjuaje 4as well as the concepts behind the

three nrograms.

kBesults and Liscusslan.
I'he Novices recalled sijniticantly more than
the Experts, they also hAad larger chunks and
more consistent subjective orjenization. 1n
order to look at the orjanization underlying
these guantitative results multi-dimensional
scalinjs and hierarcnical clusterinags were
done on the recall protocols ot each group.
In Fijure 1 w~e see the two-dimensional scal-

iny solution

Insert Fiyure 1 Here.

ot inter-item similarity tor the Movice

jroup. Ine polnts 1n the solution Are the
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ftems, they are lavelled by syntactic
category. ‘'lhe procedural classification of
each {tem is Jiven in parentheses. For the
Novices the items cluster by syntactic
category; the Assignment statements, (the
A°s), cluster in the tirst quadrant witn tne
Conditional 1F statements (the 1°s) around
them. The iteration or FOR stdatements (the
F’s) cluster in the second quadrant, the
function Headers (the H’s) cluster in the
third quadrant and the RE[URN statements (the
R°s) cluster in the fourth guadrant.

Insert Figure 2 Here.

I'he tso-dimensional scaling solution for
the Expert aroup is presented in Fiqgure two.
Here we see the same set of jitems, but this
time they cluster by program. In the label-
liny ot the items the first number for an
item represents the program that it belongs
to, the second numover tor 4n jitem represents
its positon in the proygram. tor example item
2.0 is the tirst 1tem in program two. The
items from proJdram one, those lavelled 1,0
through 1.4, are in tne first quadrant, [he

items from program 2, those labelled 2.0

through 2.4, 4are in the third quadrant and
the items from program three, those labelled
3.0 through 3.5, are in the tourth quadrant.
The syntactic classification is given here in
parentheses, it does not capture the clusters
of the Experts the way it did the clusters of
the Novices. The oriyinal recall protocols
also showed that each of the txpert subjects
recalled all of the lines from all three pro-
grams in the order in which they would have
been evaluated in a running program,this sug-
gests that the bxperts are using their

knowledge ot the serial nature of computer
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programs to organize the items within a clus-
ter. It appedrs that the clusters of the
Expert subjects are more abstract and concep=
tual than the syntactic clusters ot the
Novice subjects. Here as in other skilled
problem solving domains we find that the
chunks of the experts are based on the func-
tional principles of the skill; items are
categorized as members ot one procedure or
another and 4are then organized serially
#lthin those procedural cateqgories. The
Cchunks ot the lovices however, are not ftunc=
tionally based, tney are syntactic in nature.

In addition, the recall protocols ot the

Novices showed no internal organization ot
the ftems other than the grouping by syntac-
tic category, that is wsithin the Novice
categories there wdas no rejularity as there

#as in the Expert catejories.

txperiment 1L

The results of the first experiment suj-
gested that the oryanization ot tne Wovices
was syntactic wnile the organization ot the
Experts was functional. It is possible then,
that when given «#hole programs to comprehend
experts form an abstract representation that
is concerned not with the specitic mechanics
of a given algorithm but only with what it is
that the program does. It is also possible
that a representation formed by a novice,
because {t {s synacticdlly based would pe
more concerned with how the specitic program
functioned. The second experiment presented
here was designed to check out the possibil-
ity that during proyram comprehension novices
form representations ot how programs func=-
tion, while experts form representations ot
#hat prodgrams do.

The stratejy used to look at this possi-

bility = *~ mova matn meanne tarm anAd nea



both types ot representations and then to
look at the resultinj performance in each

situation,

Jetnad
Subdects. Ine subjects «ere a Jroup Ot
Wovice and a4 Jroup of kxpert programmers.
Stimuli, Ine stimull consisted ot eignt PPL
projrams alth two types of flosa charts and
two types ot gquestions for each of the eignt
projrams, lhe flow charts consisted of Low
vetail flos charts wxhich descriped wnat the
projram 4id and Hijh Detail flos charts w#hich
described noa the proJram functioned, lhe
questions consisted ot Low bLetail questions
anich asked a question about what the program
4id Aand High Uetall juestions ~hicn asked Aa
question about hows the proqaram functioneu,
Pracedure, In order to encourage subjects to
form a representation at one level of
abstraction or another subjects were first
shoa#n 4 floa chnart of a program at a given
level ot abstraction. lney were then shoan
the actual proyram alony w~ith A question
about the proyram, After seeinj the projram
itself, alongy with the Juestion the subjects

answered tne yuestion ., Level ot detail ot

the tlow Chdart sas combined with level of
detall ot the question to form tour condi-
tions for each yroup ot subjects; two
"conigruent" conditions and two "non-
congruent" conditions. In the two congruent
conditions subjects saa either a Low Detail
flow chart and then a Losa bDetail question or
4 High Detall tlow~ chart and then a Hijh
Detail question. In the tao "non-congjruent"
conditions sup)ects saw either a Lows Detail
flo#N chart 4and then a4 High Detail guestion or
a High Detail tlow chart and then a Low
Detajil question.

lwo times asere recotrded: Comprenension

time, that is the time it took the subject to

sdy that s/he understood the flow chdrt sell
enoujh to go on 3and stuiy the program d4nd the
question toyether and Yuestion time, that is
the time interval betseen seeing the program
with the question d4n1 being avle to arite
down the answ#er.

A "Code Unly" control conditon w~as
included 1n ahlch subjects sa~ the proiram
itselft immedidtely Aand then Sas the same pro=

Jram a33in sith the guestion.

kesultls and Uiscussion
1. Comprenension Tlime
(Interval vetween seeiny the tlos chart
and understanaing 1t)
CornpAaring the results of the Low Detail,
High Detail and Code uUnly conditions, sub=-
jects understood the Los Detajl flosx charts
more quickly than the Hijh Delail tlow charts
and the High betall flow charts more guickly
than the code alone. Ihe flow charts do seen
to aid comprehension anJy it appeadrs that they
do so by organiczini the intormation for the
subjects rather than by just reducling the
information since the iligyh Detail flow
charts, #hich had more units on the average
than the code sere understood more qulckly
than the code alone in the Code (nly control
condition (Units are boxes in the tlow chart

or single lines in the code,)

ILle Question l'ime (Intervdal between seein)
the question and bein) able to answer {t)

A. Non=congruent Conditons (here tne
level of detail ot the tlos chart and the
question do not match)

Ihe results of the non=-coniruent condi=
tions 1ive us informstion about each aroup’s

most nA4tur4l level ot abstraction. I'he
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rationale behind this Is that the flow charts
prepare the subjects to represent the code at
one level ot abstraction or another. It the
level then turns out to be inappropriate tor
answering the qguestion subjects will be sub-
stantially slowed down it the appropriate
level is also not the level which they usu-
ally use. 0Un the other hand it the appropri-
ate level iIs the level which they uysually use
they should still be able to quickly torm a
representation at that level.

Insert Fijgure 3 Here,

Looking at the lett hand side ot Figure 3 ae
see that the Novices are actually faster than
the Experts when ans~ering a High Detail
guestion although w~e see on the right hand
side that the kxperts are faster than the
Novices w#hen answering a Low Detail question.
That the Novices are faster than the Experts
when having to answser a Hiah Detail question
indicates that the Hovices are used to form-
iny Hijh Detail, that is non-abstract,
specific representations of how proarams
function. 1hat the kxperts are taster than

the Novices when havin:g to danswser 4 Low

Detail question indicates that the Experts
are used to forming Low Detail, that is
abstract representations of what a program is
doing. The error rates for the non=conJjruent
and Code Unly conditions both show the same
interaction, hovices do well on High Detail
questions while Experts do well on Low DLetail

guestions.

B. Conygruent Conditons (here the level
ot detall of the flow
chart and the juestion match )

I'he results of the Non=-congruent Condij-

tions suggest that HNovices do represent how a
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program functions while Experts represent
what a program does. Although it seems dit-
ficult for both groups to switch from their
preferred levels of representation when they
have been encouraged to use them, It is stii}l
possible that both groups can form eftective
representations at their non-preferred levels
if they are given the proper aid. This is
vhat was done Iin the congruent conditons,

The results ot these conditons showed that
botn Novices and Experts answered both High
and Low Detall questions equally quickly sug-
gesting tnat they can be somewhat flexivle jn

their encodiny.

Caonclusions

The results ot the two experiments
reported here sugygest that Novice and Expert
computer programmers represent information
about proyrams differently. 1The representa=
tions of the kxperts is more abstract and is
based on what the projram does, while the
representation of the Novices is more
detajled anag is based on how the program
functions. Tlhese dJdifferences also intluence
the utilization ot .ne i1nformation being

represented.
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