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Abstract. The notion of the programming plan has been proposed as a mechanism
through which one can explain the nature of expertise in programming. Soloway
and Ehrlich (1984) suggest that such expertise is characterized by the existence and
use of programming plans. However, studies in other complex problem-solving
domains, notably text editing, suggest that expertise is characterized not only by the
possession of plan-related structures but also by the development of appropriate
selection rules which govern the implementation of plans in appropriate situations
(Card et al. 1980, Kay and Black 1984, 1986). This paper presents an experimental
study which examines the role of programming plans in the context of skill
development in programming. The results of this study suggest that plan-based
structures cannot be used in isolation to explain novice/expert differences. Indeed,
such structures appear to prevail at intermediate levels of skill. The major
characteristic of expertise in programming would appear to be strongly related to
the development of appropriate selection rules and to so-called program discourse
rules. This in turn suggests that current views on the role of plan-based structures in
expert programming performance are too limited in their conception to provide an
adequate basis for a thorough analysis of the problem-solving activity in the

programming domain.

1. Introduction
A number of accounts of human behaviour suggest that performance can be

characterized in terms of goals and plans. In particular, when people perform certain
activities they devise plans of action and implement them in order to bring about some
desired state in the world — that is to say, to achieve a goal. As a result of this a great deal
of recent work in cognitive psychology has attempted to make explicit the rules that
govern plan-based behaviour and to apply the goal/plan analysis to a range of problem
domains. Miller et al. (1960) were instrumental in providing a number of central
insights into the importance of goals and plans. More recently the goal/plan analysis
has been especially important in developing accounts of general problem solving
(Newell and Simon 1972), of story understanding (Schank and Abelson 1977) and,
during the past few years, in both human—computer interaction (Card et al. 1980, 1983,
Kay and Black 1984, 1986) and in the psychology of programming (Soloway and
Ehrlich 1984, Spohrer et al. 1985, Rist 1986, Gilmore and Green 1988).

The computer programming domain, in particular, provides a valuable cache of
problems for any goal/plan analysis. The task of programming might best be regarded
as a complex communicative process in which abstract structures are used to instruct
the computer—in a similar way perhaps to our use of the written word for
communication. Soloway and Ehrlich (1984), drawing upon this characterization,
suggest that studies of text comprehension can provide a useful foundation for an
analysis of programming behaviour. They suggest that expert programmers have
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202 S. P, Davies

access to at least two types of knowledge not typically possessed by novices:
programming plans - program fragments that represent stereotypical action sequences
in programming, and rules of programming discourse—rules that specify the
conventions in programming. They suggest that the former correspond directly with
the notion of the schema devised by Roger Schank and others in the text
comprehension domain (Schank and Abelson 1977, Bower et al. 1979) and the latter to
the sort of discourse rules which normally operate in conversation. Corresponding to
this schemata notion, Soloway and Ehrlich claim that programming plans are generic
knowledge structures that provide the basis for the programmer’s cognitive
representation of the program. Such plans are generated by the rules that govern
program discourse and are modified to fit the needs of a particular problem - to achieve
a given goal.

Figure 1 shows a goal-plan representation of a Pascal program that reads and sums
data until it reaches a termination point and then outputs the average of the data. The
top-level goal is, of course, to report an average; however, to reach this goal it is first
necessary to accomplish two subgoals: computing the average value and then
outputting this value. Such subgoals can, in turn, be further decomposed. The
compute average goal can be broken down into three subgoals: computing the sum of
the data, computing the number of data items and dividing the sum by the count.
Soloway and Ehrlich (1984) suggest that subgoals at this level can be characterized in
terms of specific program constructs or plans. Computing the sum of a series of
numl?ers uses what Soloway and his collegues call the running total loop plan. This
plan involves initializing the total variable to zero, telling the user to enter a number,

PROGRAM Avg (input, output),
VAR Total, Count, New, INTEGER
Average REAL
BEGIN

Count := 0
Sum:= 0
Writeln ("Please enter a number"”)
Read (New),
While New <> 99999 DO
0] BEGIN
Total := Total + New, |__2__]
Count := Count + 1,
Writeln ("Please enter a number");]
READ (New);
END
IF Count > 0 THEN
BEGIN
Average ;= Total/Count,
Writeln ("average is "Average"),

END
END
HSE

Writeln ("no valig inputs, no average calculation™),

Figure1. AP indicati
8 ascal program indicating program statements that correspond to a running total

loop plan (1) and a counter loop plan (2).
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using this to update the total variable and looping until a termination value is
encountered. Counting the number of input items uses a counter loop plan, which
initializes the count variable, loops like the running total loop plan, but increments the
count variable by 1 on each loop rather than updating the total variable. Though
conceptually separate, these plans can share many common program statements.
Soloway and his colleagues suggest that such plan structures are characteristic of
fragments of code that might be found in programs intended to solve a diverse range of
problems and correspond to generic knowledge structures that guide the
comprehender’s interpretations, inferences and expectations.

Soloway and Ehrlich have provided a range of empirical results which seem to
verify their goal/plan analysis of the programming activity. In studies of program recall,
for example, experts tend to recall program fragments that correspond to plan
structures before they recall other elements of the program (Soloway and Ehrlich 1984).
This suggests that programmers develop schemas or ‘chunks’ of knowledge about the
domain which represent important functional units in programming. These chunks of
knowledge are what Soloway and Ehrlich refer to as programming plans. Expert
programmers also have little difficulty in filling in blank lines in programs with
appropriate statements when those programs maintain a ‘plan-like’ structure. When
programs do not conform to such a structure, then expert performance does not differ
substantially from that of novices in this sort of ‘fill in the blank’ paradigm (Soloway
and Ehrlich 1984).

One criticism of the plan/goal analysis of programming is that it presents a fairly
limited view of the programming activity in terms of what we know about the role of
plans and goals in other problem-solving domains. Programming plans are proposed
as constructs which form the basis for distinctions between novice and expert
performance, yet little concern has been directed towards an analysis of _the
development and use of plan structures and the refinement of goals as programming
expertise and knowledge increase. Studies of the development of plan structures and
goals in other domains suggest that the plans that underpin expertise develop through
a number of identifiable stages. Kay and Black (1984, 1986), for example, have traced
the plan acquisition process in a text-editing domain. They suggest that'a compk_zx
relationship exists between the development of plan structures and increase in
expertise. They highlight the importance of the refinement of plan structures .and the
use of selection rules as expertise develops. In the light of this work, the notion that
the primary distinction between the novice and expert programmer 1s solely based
upon the latter’s possession of plan-related structures would appear to be an
oversimplification. Indeed, experts need not only to possess plan structures but a_lso
need to know how to use them appropriately. Kay and Black suggest that during
intermediate stages of skill acquisition, plan structures are alrca'dy well dgveloped but
that genuine expertise tends to be exhibited only when appropriate selection rules are
developed to guide the implementation of plans. - '

Kay and Black suggest that skill learning in the text-editing domain progresses
through four identifiable stages. The first stage in this description represents the naive
user who has no text-editing experience. They suggest that users bring to the task a
range of preconceptions about text-editing terminology which may or may not accord
with their interptetations of that terminology as expertise develops. Some evidence for
this is presented by Sebrechts et al. (1983). In this study it was found that commands
such as CENTER and BALANCE or CANCEL and DELETE tend to be grouped
together by the novice, even though they bear no similarity in actual function.
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The next stage in Kay and Black’s description is concerned with the goal of
overcoming this prior knowledge bias. They suggest that during this phase (which they
call the initial learning phase), users develop conceptual knowledge structures that link
specific goals with commands. At this stage users tend to cluster together functionally
related commands. For example, INSERT, PUT and REPLACE might be grouped
together because these commands are used to accomplish the goal of adding
information. Users tend to modify their initial clustering strategy, based upon prior
knowledge associations, to one which emphasizes the functional links between
commands. Kay and Black suggest that their account of this initial learning phase
bears a number of similarities with elements of the GOMS model of Card et al. (1980).
In particular, they suggest that goal-action relationships are established to form a link
between the operators in the GOMS model and particular goals in the task domain. In
terms of the GOMS model, goals and operators are acquired first during the initial
learning phase, but this occurs at a rather high level of specificity. That is, users tend to
understand the general goals involved in text editing and the individual commands that
are related to these goals.

The third phase of expertise development is concerned primarily with the formation
of plans. Once users have acquired a range of basic editing commands and goals, they
learn that a number of commands can be grouped together in terms of the frequency of
the use of such commands in accomplishing a particular goal. That is, they combine the
actions that were organized separately during the phase of initial learning. Kay and
Black suggest that these plans correspond to the methods of the GOMS model. Both
Kay and Black and Sebrechts et al. provide evidence about the nature of the
development of knowledge structures during this third phase. During early stages,
users group commands in terms of their functional relationships; as expertise develops
this grouping tends to occur with respect to commands that are used in conjunction to
accomplish a particular goal. For example, the commands PUT and PICK might be
groupeq since they are used together when the user wants to move an item of text.

Dunpg the ﬁnal stage in Kay and Black’s model, users produce compound plans to
accomp!xsh major goa.ﬂs and refine the selection rules that are used to choose among
2::::3?3::;: ipnlan;_ulll g;lvcn situations. At this Icv'cl goals are linked to plans using the
ioked oo V;le lcla ;S ese <j;:(Zlm;-)ound plans are 1nvoked,. whereas in pl'xase 3 goals are
adduoed for tﬁe er:'olut" an ; unﬁg phase 2 merely to actions. Some evidence has been
that 55 cxperionee o ion od su; c.ompound plan§. Robertson and Black-(1983) f-ound
olans decrensed. o rezt1§e , th e time spent pausing bptween the. execution of simple
compound plan; Si%ngi(;: rllngt;l att. users tend to cgmbme these simple plans to form
the fting sessio.n progre:’s,ed cFlme needed to initiate a C(?mpound plan decreased as
Black, to Changt on werd 1o . (t)lll' example, in :che text edlt.or usec‘l by Robertson and
and Erase, Typ Over or T anoo er three possible plaqs might be m.voked: Type Over
upon the fength of the exiggz ver 3nd Insert. The ch01§:c of the optlrr'lal plan depends
delete the old word and (hen | I%ch:rh and of that to be inserted. .Novwc users tend to
words. As expertise incresses ert the I:)ew.regardless of the relative lengths of the two
appropriate to a given situatiox; lIl-“serS et plap siructures that ate MO
to be inserted they tend to use a;l (;){’E;:{lmple, | ho existing word is Sh'o rler than (!
Situation. OVERTY TYPE ar.ld INS.ERT strategy, in the converse

The I’(a o PE and DELETE are used in conjunction.
expertise an);i ?l?e dc\ll:fcl)(prrillgr(}te ]ofs uggfsts o, (fomplex .relation's l}ip CXi-St-S betwoot
text editing, This model also b goalsand pl.ans In a routine cognitive activity such as

0 has a number of implications for our understanding of the
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role of goals and plans in the programming domain. Previous studies of the
programming activity suggest that expertise can be characterized primarily by the
possession of plans or plan-related structures and additionally that the existence of
such plans can be used to make the distinction between the novice and expert. In the
programming domain little or no concern has been directed towards an analysis of the
development and refinement of plan structures as expertise increases. The Kay and
Black description of skill development suggests a number of key areas of concern for
the analysis of problem solving in programming. These can be summarized as follows:

(@) Can the mere existence of plans be taken as an indicator of expertise?
(b) Are plan structures exhibited at intermediate skill levels?

(¢} Do programmers develop plan selection rules as their expertise
(d) How are plan structures refined as expertise develops?

These issues are here addressed via an experimental study of the programming activity
as programming skill increases. Programmers of varying skill levels (novice,
intermediate and expert) were presented with a number of Pascal programs, each of
which contained several blank lines. In addition, a number of program fragments were
presented with each program. The programmer’s task was to attempt to state which of
the fragments could be used to best complete the program, which might be their second
choice and so on. In the first series of programs the associated program fragments

represented plan structures and contraventions of plan structures. For example, figure
2 represents a program intended to calculate the square root of a number. The
important plan structure in this program might be referred to as a data guard plan
(Soloway and Ehrlich 1984). The first program fragment (1) illustrates the correct use of
the data guard plan. This plan protects the Sqrt function from trying to take the square
root of a negative number. The IF part of the statement carries out this check and

makes the number positive if necessary. The second program fragment (2) represents a

avalAane?
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contravention of the data guard plan. Here the first statement suggests an assignment
type initialization (Num:=0). This gives rise to the expectation of an assngnmejnt upd'ate
(i.e. Num: = Num + 1). However, the data guard plan predicts a r?ad upda.t.e since using
an assignment statement would never result in a negative number —making the dafa
guard plan in this case superfluous. The third program fragment (3) contravenes the
plan structure in a more straightforward manner and simply introduces an incorrect
test for a negative value (Num>0) in the last statement. .

One might expect, in the light of the studies into the develop.ment of expertise that
have been reviewed in this paper, that the level of expertise pos_sessed by the
programmer would have some effect upon both their choice of the ordering of program
fragments and the time taken to make this choice. If the existence of p!an structures can
provide an indication of the programmers, expertise or, similarly, if such structures
facilitate the comprehension of programs, then expert programmers might be expected

ot '
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to choose a fragment that best completes the program which represe.nts or.confO@s t.o
a plan structure. Indeed, from the results of the Kay and Black Stl.ldlCS rc;vnewed in this
paper, it might also be expected that programmers of intermediate skill level would
make a similar choice. This would confirm the finding that plans exist and are used at
both intermediate and expert skill levels. If plan structures are well represented as
cognitive schemata, which would be expected in the case of the expert, then the time
needed by the programmer to make a choice of appropriate program fragment
(conforming to a plan structure) would presumably be less than that needed when such

. .
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structures are poorly formed (as one might expect in the case of the novice) or when
plan structures remain unconsolidated (corresponding to the intermediate level).
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The second series of program fragments used in this study represented the correct
and violated use of program discourse rules. Program discourse rules, according to
Soloway and Ehrlich, specify the conventions in programming. For example, such rules
might take the form (following Soloway and Ehrlich 1984):

Ifthere is a test for a condition then the condition must have the potential of being
true.

An IF should be used when a statement body is guaranteed to be executed only
once and a WHILE used when a statement body may need to be executed
repeatedly.

PROGRAM One (input, output),
VAR Num REAL,
I INTEGER,
BEGIN

Writeln (Num, Sqrt (Num)),

END,
END

FORI=1TO 10DO
READ (Num),
IF Num < 0 THEN Num = -Num,

Num =0, '
Q) FORI=1TO 10 DO
BEGIN
READ (Num),
IF Num < 0 THEN Num = -Num,

FORI=1TO 10DO
BEGIN
READ (Num),
IF Num > 0 Then Num = -Num,

3

Figure 2. A program intended to calcul
co)rrcspondmg to (1) the correct use o

ate a square root illustrating program fragments
fthe data guard plan and violations of its use (2) and
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PROGRAM Three (input, output),
VAR Max, I, Num, INTEGER,
BEGIN

END,
Writeln (Max),
END

Max =0

FORI=1TO 10DO

eh) BEGIN

READLN (Num),

IF Num > Max THEN Max = Num

Max = 999999

FORI=1TO10DO

03] BEGIN

READLN (Num),

IF Num < Max THEN Max = Num

Max =0

FORI=1TO10DO

3) BEGIN

READLN (Num),

1F Num = Max THEN Max = Num

Figure 3. A program intended to calculate a maximum or a miniml_lm value illustrating
program fragments representing the correct use of a program discourse rule (1) and

violations of that rule (2) and (3).

To a large extent, rules of programming discourse correspond to the types of selection
rules used by experts that have been identified in other studies of skilled performance.
Soloway and Ehrlich (1984), for example, claim that discourse rules govern the use of
plan structures in programming. That is, they provide an indication of the type of plan
that is appropriate at a given point in the program and, in addition, provide some
constraints on the formation of plan structures. Figure 3 illustrates the representation
of a discourse rule and two violations of the rule in three program fragments. The
discourse rule represented in the program is that variable names should reflect their
functions. In the example, the program is intended to calculate either a maximum or a

e e e e
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minimum value. The first program fragment (1) represents a procedure that conforms
with the program discourse rule. That is, the variable name Max is used in a procedure
intended to calculate a maximum value. The second fragment of code (2) represents a
violation of this discourse rule. This procedure uses the Max variable in conjunction
with the calculation of a minimum value. The last procedure (3) represents a similar
violation of this discourse rule, but in this case the program would produce a run-time
error if executed.

Again, we might expect experts to exhibit a preference for the program fragment
that represents the correct use of a discourse rule, since at this level of skill the selection
rules corresponding to the rules of programming discourse will be well developed. Kay
and Black suggest that expertise is characterized not only by the possession of plans but
also by the use of appropriate selection rules. This also conforms to predictions which
stem from the GOMS model of skilled behaviour which places an emphasis on the
presence of selection rules as a characteristic of expertise. At intermediate skill levels, it
might be expected that programmers, while displaying a preference for plan structures,
may not exhibit well-developed selection rules. Hence one might expect that the choice
of program fragment used in the completion of a program may not accord with a
strategy based upon the use of such rules. Correspondingly, no particular preference for
the program fragments that represent discourse rules should be exhibited. This effect
should also be apparent in the case of the novice programmer. The time taken to
produce an appropriate ordering of program fragments should also provide some
evidence about the development and role of program discourse rules at different skill
levels. In the case of the expert programmer one might expect discourse rules to be well
deve.loped. Hence, the time taken to decide upon an appropriate ordering of rules in a
particular circumstance would be less than that required by both the novice and the

intermcdia.te programmer. In such cases, we would hypothesize that rules of
programming discourse remain undeveloped.

2. Method
2.1. Subjects

A total of 45 subjects participated in the experiment. These subjects were
categorized according to experience into novice, intermediate and expert
programmers. Each of these groups was of equal size. The novice programmers were
}lndcrgrafiuates with approximately two months’ experience of Pascal. The
intermediate group were also undergraduates but this group had completed a nine-
month course in Pascal. The expert group were either teachers of Pascal or were

employed in industry as programmers. All those in the last group had used the
language on a regular basis for more than two years.

2.2. Procedure

Subjects were given the programs and program fragments (see figures 2 and 3) in

ls’zg!::tt form. Thlise bookletsalso contained instructions for the completion of the task.
Jects were asked to attempt to complete all the programs (i.. to choose the most

appropriate ordering of program fragments) as qui i ime limi
imposed on this task and all subj Tesponded 0 41 tre prommame: Bt i rdbring

jects responded to all th i
of program fragments and the time t o Ao oo s ondering

for each program were recorded.

aken for each subject to decide upon this ordering
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2.3. Materials .

Two sets of programs and program fragments were used in this study. The first set of

three programs was associated with program fragments which represented plan

structures and contraventions of plan structures. The three program types were as
follows:

Program type 1-A program intended to calculate a square root (see figure 2).
Program type 2—A program intended to calculate an average.

Program type 3— A program intended to calculate a maximum or a minimum
1 3 8 o ol 1\

coo o
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The plan structures employed (derived from Soloway and Ehrlich 1984) were as
follows:

Plan 1-A guard plan (see figure 2).
Plan 2—A running total loop plan.
Plan 3-A search plan.

Plan 1 was associated with program 1, plan 2 with program 2 and plan 3 with
program 3. Each program was presented with three program fragments (as in figures 2
and 3). One program fragment represented the correct use of the plan and the second
and third fragments a contravention of the programs plan structure. The ordering of
program fragments presented with each program was randomized, as was the order in
which program types occurred.

The second series of programs consisted of the same program types (program types
1-3) and a number of associated program fragments. These fragments represented
program discourse rules and violations of these rules (see figure 3). The three discourse
rules used (derived from Soloway and Ehrlich 1984) were as follows:

Discourse rule 1-If testing for a condition then the condition must have the

potential of being true. . _ .
Discourse rule 2—Do not include statements in the program which will not be

used.
Discourse rule 3— Variable names should refiect function.

Each of the three program types was presented with three associated program

fragments. One of these program fragments represented the correct use of the program

discourse rule, a second represented a violation of the rule but resulted in an executable
program, and the third violated the discourse rule but resulted in a error-prone

program (see figure 3). In the same manner as above, discourse rule 1 was associated

with program 1, discourse rule 2 with program 2 and disco vith program 3.

=
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3. Results .
Figures 4-7 illustrate the results of this study. Figure 4 shows the programmers first
choice of program fragment when completing a program. These fragments correspond
either to a plan structure or to plan structure violations. As can be seen, both
intermediate and expert programmers choose, in the main, to complete the program
with the fragment that corresponds to the correct use of a plan structure. Conversely,
novices do not exhibit a preference for plan structures over program fragments
representing violations of plan structure. These effects were statistically significant.
There was an overall effect of skill level (F, ;5 =13-64, p<0-001) and of fragment
type (plan/plan violation) (F,,5=1062, p<0:001). In addition, the interaction
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Figured. The frequency with which a program fragment (corresponding to a plan structure and

yiolation; of plan structure) was chosen as best completing a program by novice,
intermediate and expert programmers.
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Mean Time
(Seconds) to
complete ordering
of programs,
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Novice Intermediate Expert
Figure5. Meanti
o violation:g? ta;ﬁ;n tto order program fragments (corresponding to a plan structure and
plan structure) by novice, intermediate and expert programmers.
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12 ] m Intermediate Programmers
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First Choice of
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o
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-

. Discourse rule Discourse rule
Conforming to Violation Violation
Discourse rule Type-1 Type- 2

Figure 6. The frequency with which a program fragment (correspond.in gtoadiscourse rule a!nd
to violations of a discourse rule) was chosen as best completing a program by novice,
intermediate and expert programmers.

between skill level and fragment type (plan/plan violation) was also significant
(F4,56=592, p<0-001). Multiple post hoc comparisons were conducted with the
Newman-Keuls test, and a significance level of p<0-01 was adopted for all such tests.
This procedure indicated that both expert and intermediate programmers choose. the
program fragments representing plan structures more frequently than novices.
Correspondingly, novices tended to choose fragments representing plan structure
violations more frequently than both intermediate and expert programmers. None of

the other contrasts between means was significant. Hence, novices choose fragments
representing plan structures with approximately the same frequency as they choose
fragments representing plan structure violations and intermediates choose to use the
correct plan fragments with about the same frequency as experts.

Figure 5 shows the total time taken by novice, intermediate and expe.ft groups to
make a choice of program fragments and to order them appropriately. prces take the
greatest time to order the program fragments, followed by the int_ermedlate- group and
then by experts. These differences are statistically significant. 1'\Iov1<:es take s1gpmﬁcantlLy
longer than those in the intermediate group to order program Iragments
(t-test, p<0-05, two-tailed), and the latter group also take somewhat longer than
experts (t-test, p<0-05, two-tailed). ' )

Figure 6 shows the mean number of occasions in whl.ch program fragments,
corresponding to the correct and violated use of a program c.ilscourse.rule, are chosen
first in the ordering of program fragments by novice, intermediate and expert
programmers. Here, when asked to complete a program, the expert group tend to
choose first the program fragment which represents the correct use of a program
discourse rule. Those in the intermediate group tend to make this choice less frequently.
Novices exhibit no particular preference for the correct use of a discourse rule over

program fragments representing contraventions of the rule. These effects were
statistically significant.

s
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120
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Novice Intermediate Expert

Figure 7.  Mean time taken to order program fragments (corresponding to a discourse rule and
to violations of a discourse rule) by novice, intermediate and expert programmers.

There was an overall effect of skill level (F 2,28 =863, p<0-001) and of fragment type
(discourse rule/discourse rule violation) (F3,.5=19-54, p<0-001)._ Thg interaction
between skill level and fragment type (discourse rule/discourse rule VlolatIOI'l) was also
significant (F, s¢=1146, p <0-001). Once again, multiple post hoc comparisons were
conducted using the Newman-Keuls test, and a significance level of p<0-01 was
adopted. This procedure indicated that experts choose the program fragment
representing the correct use of a program discourse rule more frequently than both the
novice group and the intermediate group. Comparing the choice of program fragments
representing the correct and violated use of a program discourse rule suggests that
experts tend to choose the program fragment that represents the correct use of such a
rule more frequently than a fragment representing a contravention of the rule. The
same is true of the intermediate group. Conversely, novices show no preference for

fragments representing the correct use of a discourse rule compared with those

representing the contravention of such a rule. )
Figure 7 shows the total time taken by novice, intermediate and expert groups in
completing the ordering of program fragments representing discourse rules and
discourse rule violations. Here, experts tend to complete the task faster than bOFh
intermediate and novice groups. This is confirmed by further statistical analysis.
Experts order program fragments faster than both those in the intermediate group
(t-test, p< 005, two-tailed), and those in the novice group (t-test, p <0-05, two-tailed).
Subjects in the intermediate group, in turn, appear to complete this ordering task

slightly more quickly than those in the novice group, but this difference was not
significant.

4. Discussion

The results of this stud
and the formation and util
means straightforward.

¥ suggest that the relationship between programming skills
ization of plans and selection rules in programming is _by no
Previous work in this area suggests that expertise is
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characterized primarily by the possession of programming plans and rules of
programming discourse (Soloway and Ehrlich 1984). This work, however, fails to
examine the way in which such plans might be formed and the nature of their use as skill
in programming develops. The results of the experiment reported above suggest that
programming plans exist at both expert and intermediate skill levels in programming.
At both levels such plans provide a basis for the comprehension of programs. Both
expert and intermediate groups are equaliy iikely to choose a program fragment
corresponding to a plan structure when completing a program. Novices, in contrast,
appear to exhibit no particular preference for those program fragments representing
plan structures over those representing plan structure violations.

One interesting difference in performance that emerged between the expert and
intermediate groups was that reflected in the time taken to complete the ordering of
program fragments corresponding to plan structures and to plan structure violations.
The intermediate group took much longer than the expert group to produce such an
ordering. This may suggest either (a) that while both intermediate and expert groups
utilize plan-based structures, in the case of the former these plans remain
unconsolidated or (b) that members of the intermediate group are, for some reason,
unable to easily access or activate these plans.

These findings would accord with results obtained from studies of the development
of skilled performance in other problem-solving domains. For example, Kay and Black

(1984) suggest that the existence of plan structures in text editing is characteristic of

both intermediate and expert performance, but that the rules of selection governing the
use of appropriate plan structures only develop at higher levels of expertise. Such
expertise would appear, in addition, to be characterized by the development of so-
called compound plans. Indirect evidence for this is adduced by Kay and Black from
studies which suggest that as expertise develops the time taken to formulate and
implement plans decreases. Another possible interpretation of this result might be to
suggest that experts automate some simple generic subcomponents of the
programming task (these may correspond to plan structures). Empirical studies of this
knowledge compilation process have been reported for general problem-solving tasks
(Anderson 1982) and within the more specific context of programming (Anderson 1987,
Wiedenbeck 1985).

The results of the experiment reported in this paper provide some support for the
contention that expertise in programming cannot be explained merely by alluding to
the notion of the so-called programming plan. Such plans are used by both
intermediate and expert programmers. The important distinction between these
groups would appear to be based more strongly upon the use and deployment of
appropriate selection rules as expertise develops.

This distinction appears to be reflected in the results stemming from an
examination of the role of program discourse rules in skill development in
programming. Expert programmers tend to make the most use of program discourse
rules. Their use of such rules differs significantly from that of intermediate
programmers who, when completing a program, tend to exhibit no particular

preference for the program fragment representing the correct use of a discourse rule
ect that an imnortant characteristic of

gest that an important characteristic of

over those violating such rules. This would sug

expertise is related to both the possession and the use of program discourse rules.
Examining the time taken to order program fragments which correspond to discourse
rules and to violations of these rules indicates that intermediate performance differs
little from that of novices. Experts, on the other hand, perform the task a great deal
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faster than both novice and intermediate groups. This again supports the view that
such discourse rules are an important feature of expert performance.

Existing plan/goal analyses of programmer behaviour provide only a limited
insight into some of the underlying features of this important problem-solving activity.
Studies in other domains, most notably that of text editing, suggest the need to examine
in more detail not only the role of plans but also the nature of the development and
refinement of such plans as expertise increases and, in addition, the central role played
by selection rules in expert performance. This paper has attempted to highlight the
correspondences that exist between plan/goal analyses of text editing and those which
appertain in programming. Strong similarities have emerged between these domains.
Models of problem solving such as that proposed by Kay and Black for text editing
provide a valuable basis for an analysis of programming. Extending the scope of such
models to account for performance differences in programming has highlighted a
number of deficiencies in the current plan/goal analysis of problem solving within this
domain. The present study has attempted to address some of these deficiencies and by
doing so to suggest ways in which the plan/goal analysis of programming might be
extended. The central theme of the paper—that programming plans alone do not
provide an adequate basis for a full account of expert problem solving in
programming —is supported and the plan/goal analysis of programming is extended to
reflect the central role played by selection rules in expert performance.
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