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Research on cognitive processing differences between novice and expert groups has
recently begun to focus on applied areas like computer programming. An often-used
research paradigm has measured subjects’ syntactic memory, their ability to recail
bricfly presented computer programs. This study demonstrates that expert program-
mers use semantic memory and high-level plan knowledge to direct their program-
ming activities. Fifty subjects were divided into novice and expert groups based on
the number of programming courses taken. Four tests were developed to measure
syntactic memory, semantic memory, tactical skill, and strategic skill. Experts
performance was superior on all tests. Additionally, the best set of predictors of
programmer expertise was semantic memory, tactical skill, and syntactic memory.
Results from this and subscquent research may have implications for areas such as
selection and training.

Rescarch on cognitive processing differences between novices and experts has
typically focused on such areas as chess (Chase & Simon, 1973; Cleveland, 1907;
deGroot, 1965), go (Reitman, 1976), and physics (Chi, Teltovich & Glaser, 1981;
Larkin, McDermott, Simon & Simon, 1980). These topical areas are well suited to
the study of novice/expert differences for knowledge and problem-solving abilities
due to the substantial range of observeg skill and experience differences.

Recently, research on novice/cxpert differences has begun to focus on more
applied areas. In a study which measured the memorization/recall ability for circuit
diagrams, Egan and Schwartz (1979) found that skilled electronic technicians
recalled elements of the diagrams in functional chunks. Computer programming is
another applied arca in which research on cognitive processes is relatively new.
Research on programming has dealt mostly with issues such as how to identify
candidates for programming jobs and on improvements in program writing through
comments, documentation and modularization. As a result, little theoretical
research has been done (Adelson, 1981).

The approach to research on programming clearly parallels the research on
cognitive processes for chess. Studies on chess initially focused on the ability of
master chess players to reproduce 90% of midgame board positions, with 20 pieces,
after only 5s of study (deGroot, 1965). Chase and Simon (1973) replicated
deGroot’s findings, revealing that experts form larger chunks than less-experienced
playcrs. The superior recall of the experts was not found to be related to above
average mefmory capacity, suggesting that the chunks were organized hierarchically
(Chase & Simon, 1973).
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Subsequent research has focused on the ability of chess players to rcconstruct
briefly presented, meaningful and random board positions. The typical finding is
that experts perform bettcr on recall of meaningful positions but no differently from
novices when positions are random (Charness, 1976; Chase & Simon, 1973; Lane &
Robertson, 1979; Simon & Chase, 1973).

Applying the memorization/recall paradign of the chess research to computer
programming, skilled programmers recalled significantly more of meaningful pro-
grams than novices and, consistent with the chess results, performed no differently
from novices on random programs {Shneiderman, 1976; Shneiderman & Mayer,
1979). One explanation for cxperts’ programming skill suggests that superior recall
results from the ability to organize information into chunks bascd on the larger
number of procedural patterns held in memory by experts (Adelson, 1981;
Shneiderman, 1976; Shneiderman & Mayer, 1979). With experience, frequently
encountered information is hierarchically organized into increasingly larger chunks,
incorporated into memory, and indexed to enable quick, accurate recall of the
appropriate chunks (Atwood & Ramsey, 1978; Curtis, 1982). As a resuit,
more-experienced programmers form more-efficient representations in memory.

A second explanation in the programming literature suggests that experts also
seem. to use a higher-level knowledge to understand problems while novices tend to
focus on the specific statements employed in a program (Adelson, 1981; Atwood &
Ramsey, 1978; Green, 1980; Shneiderman, 1976, 1980; Shneiderman & Mayer,
1979; Soloway, Ehrlich, Bonar & Greenspan, 1982; Wicdenbeck, 1985). Wieden-
beck (1985) suggests that experts are able to write and understand, with little
allocation of attention and with few errors, various well-practiced programming
subtasks. Such subtasks may include recognition of syntactic errors and the writing
and understanding of well-practiced program subroutines and subcomponents. One
result is that the programmer should be able to focus on high-level problem-solving.
Both Atwood and Ramsey (1978) and Shneiderman (1976) proposed that informa-
tion is stored in memory in predominantly semantic form, i.e. in terms of its
meaning relative to the programmer’s prior storc of information, rather than in
literal, syntactic form. Adelson (1981) provided some empirical support for the
proposition that experts organize program information semantically. The author
found that subjective organization of program statements presented in a multi-trial
free-recall format was according to program membership, semantically organized
into meaningful program scgments. Novices organized the lines of code by syntactic
category such as statement type.

Consistent with the second explanation, Shneiderman and Mayer (1979) proposed
a model of long-term memory consisting of both semantic and syntactic components.
Semantic memory is conceptualized as being relatively independent of the syntax for
particular programming languages. Semantic knowledge is abstracted through
continuing experience in problem-solving and instruction and is stored as general,
meaningful sets of information. The learner must be able to anchor ncw information
within existing semantic knowledge (Shneiderman & Mayer, 1979; Tulving, 1972).
Syntactic memory includes information such as details concerning types of state-
ments within particular programming languages, the format of iteration, valid
character sets, and the names of library functions (Shneiderman & Mayer, 1979). In
the context of learning a programming language, syntactic learning initially
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encompasses single statements and progresses to collections of statements. The
collection of statements may come to be perceived as patterns, such as a subroutine
to find the average of a series of numbers. The processes involved in memory for
syntactic information are congruent with the first explanation for novice/cxpert
differences involving memory for procedural patterns. Little meaningful learning is
taking place. The focus is predominantly on the rote memorization of subprograms
and program statcments.

Mynatt (1984) provided empirical support for the model in a study of the effect of
semantic complexity on program comprehension. Program modules that were more
cognitively complex resulted in decrcased delayed vs immediate recall and were less
accurately hand-exccuted than semantically simpler procedures. Increased com-
plexity results in greater requirements for semantic encoding and less subsequent
accuracy. The information must first be integrated with existing semantic informa-
tion. Decreased recall results when syntactic information such as variable names is
forgotten.

Finally, a third explanation for programmer skill is provided by Soloway er al.
(1982), who suggest that experts use more than just knowledge of syntax and
semantics of programming when they write programs to solve problems. Experts
may usc high-level plan knowledge to direct their programming activities. A plan is
a procedure in which the key clements of a process have been abstracted and
represented explicitly. When presented with a new problem, the expert retrieves
plans from a knowledge basc which proved uscful in similar situations and
incorporates them into the solution. Plans are classified into three categories: (a)
strategic plans specify a global stratcgy used in an algorithm; (b) tactical plans
specify a local strategy for solving a problem; and (c) implementation plans specify
language-dcpendent techniques for realizing strategic and tactical plans. For
example, to read an array and compute a running average (strategic plan), you
might choose a looping strategy (tactical plan) and write the code using a
FORTRAN DO loop with a running total and counter. Soloway et al. (1982) suggest
that experience facilitates the choice of appropriate strategics and tactics. Thus, it
seems that research should focus, not only on how experts differ from novices on
organization of and recall from memory, but also on what the expert must know in
order to select and utilize the appropriate plan.

A recent study of memory for chess parallels the conceptualization of Soloway et
al. (1982). Specifically, the factors of semantic knowledge, cpisodic memory,
positional judgment, and tactical skill were investigated in relation to chess skill.
Pfau (unpubl.) found semantic knowledge to be the main cognitive factor which
separates novices from experts. In addition, semantic knowledge, positional
judgment, and tactical skill were better predictors of skill than was episodic
memory.

The purpose of this study is to demonstrate the importance of semantic memory
for skill in computer programming. Much of the literaturc on diffcrences in the
organization of memory between novice and expert programmers has focused on
syntactic mémory and chunk size for recall tasks. Programmers, however, define
skill in different terms. Programmers discuss skill in terms of comprehension, the
ability to modify and debug programs, knowledge of programming languages and
data structures, and imagination in solving problems and in writing code. The
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present study has focused on operationalizing the knowledge and problem solving
components which programmers say are important for skill in programming. These
components reflect the hierarchical organization and intellectually demanding
learning of semantic memory.

We propose that the relationships of tests designed to measure semantic memory,
syntactic memory, strategic skill, and tactical skill will result in two principal
findings: (1) the importance of semantic memory over syntactic mcmory in
distinguishing between novice and expert programmers; and (2) semantic knowl-
edge, tactical skill, and strategic skill as the best set of predictors of programmer
skill. Both hypotheses are based on the expectation that conceptually anchored
information resulting from meaningful learning will be more representative of skill
than will syntactic memory. Syntactic memory should be lecast important for
determining skill because both novices and experts can be expected to possess basic
knowledge of syntax.

Additional hypotheses are: (3) strategic skill and tactical skill should be related
more highly to semantic memory than to syntactic memory; and (4) the knowledge
and problem-solving components of semantic memory should show the strongest
relationships to strategic skill and tactical skill, respectively.

Method

SUBJECTS

Subjects were 50 undergraduate and graduate student volunteers at a large
midwestern university, ranging in age from 18 to 38 (X =23, s.0. =3-46). Thirty-
seven subjects were male, 17 were female. The sample consisted mainly of computer
science majors (n = 37). The minimum requirement for participation was enrollment
in the introductory Fortran course (subjects were recruited after the twelfth week).
Other subjects were recruited by the experimenter out of more advanced computer-
science courses. Participants were not paid for taking part in the study.
Questionnaire data were used to divide subjects into two groups, novices and
experts. Shneiderman (1976) categorized subjects according to experience into
novice (enrolled in an introductory programming course), intermediate (second or
third course), and expert. Soloway et al. (1982) found that novices and intermediates
chose different looping strategics than did experts, suggesting that novices and
intermediates may bc grouped together. Two groups of subjects werc therefore
used, novices and experts. The novice group (n = 20) consisted of students who had
completed no more than three programming courses (X =2-10, s.0.=0-79). The
expert group (n =30) included all subjects who had completed more than three
programming courses (X = 9-10, s.0. = 3-97, range of from 4 to 20 courses taken).

TESTS

Syntactic memory

Four, short computer programs were adapted or written in Fortran IV to be
approximately equal in length and complexity. Threc of the programs consisted of
21 lines of code, the fourth had 20 lines. The statements for two of the programs



COGNITIVE PROCESSING DIFFERENCES 653

were scrambled, using a random number table so that the programs were no longer
executable. The programs were typed on separatc sheets of paper. Subjects were
asked to reproduce one meaningful and one randomized program.+ For each
program, the subject was given a 3-min viewing period. At the end of this time the
subject turned the paper face down and immediately began recall, writing the
answers on standard Fortran coding forms. Subjects were permitted 4 min to recall
the program and were instructed to reconstruct the program exactly as it had been
presented. Each reconstructed program was scored for serial recall. Statements
were scored as correct if they were listed in serial order and contained only minor
syntax errors such as misspelled variable names.

Strategic skill

Three problem statements were written or adapted from available programming
literature. Each statement provided the necessary information to enable subjects to
writc an algorithm, in either pseudo-code or outline form, of a proposed solution.
For each step in their answers, subjects were also asked to include a brief statement
explaining why that step was necessary. Subjects were given an example in the form
of a sample problem and solution as the second page in the test booklet immediately
following written instructions. While no strict time limit was enforced, the
instructions stated that subjects should allow only about 10 min for each of the three
problems. The problems were scored for correctness of solution, efficiency, and
‘clarity of the algorithm. Emphasis was placed on the high-level planning demon-
strated in participants’ algorithms. Two experts independently scored each problem.
Each problem was rated on a five-point Likert scale for specific, a priori, criteria for
each of the above factors. Ratings were then summed for the three factors for the
three problems to determine a total score for each subject. The scores for the two
raters were averaged to determine a final, composite score for each subject
{(maximum possible = 45).

Tactical skill

Six problems were constructed or adapted from available literature. The problems
required subjects to write either short programs or program segments and in some
cases also to cxplain the function of a specific program segment. For example, one
problem asked subjects to write a function subprogram LOGICAL FUNCTION
SEARCH (A, N, KEY) where A is an integer array, N is the size of the array, and
KEY is an integer number. The LOGICAL function will return .TRUE. if KEY is
found in the current array, otherwise return .FALSE.. Subjects were given the six
problems, each on a separate sheet of paper, and allowed enough time to provide
written answers to all problems. The instructions did suggest, however, that subjects
should allow only about 30 min to complete all of the problems. The tactical skill
problems were scored by the experimenter according to specific, a priori criteria.
Each problem was rated, on a five-point Likert scale, for completeness and

+ Two meaningful and two random programs were used for the syntactic memory part of the study. The
programs were counterbalanced into each of eight possible combinations of one random and meaningful
program. Results were subjected to an ANOVA which showed there were no significant differences in
recall among the combinations, F(7, 42) = 1-03, p = 0-43.
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correctness of the solution. Emphasis was placed on correct execution of plans
already provided to participants such as the example given above. The ratings for
each of the six problems were summed to obtain a total score (maximum
possible = 30).

Semantic memory

A 42-item multiple-choice test was constructed in consultation with the computer-
science department. The questions were written to be of varying difficulty. All items
consisted of five alternative answers and were conceptually organized into two
subtests measuring problem-solving ability (18 items) and knowledge of Fortran,
data structures, and general programming principles (24 items). The score was
determined as the total number correct. The instructions stated that the test should
take approximately 1h, although subjects were allowed enough time to answer all
items.

Procedure

Testing was conducted in groups of from one to five participants. Subjects began the
session by completing a questionnaire requesting demographic information as well
as information concerning computer-science and programming courses taken,
occupation (if computer/programming related), and other outside experience (e.g.
computer clubs, user groups).

All subjects completed the tests in the following order: syntactic memory,
strategic skill, tactical skill, and semantic memory. Subjects read an orientation
sheet, prior to beginning the session, which explained the purpose of the study and
included an approximate time frame for the completion of all of the tests. At the
conclusion of the strictly timed memorization/recall measure, subjects were given a
folder containing the remaining tests. They were allowed to work at their own pace,
completing all measures in the previously stated order. Average time for completion
of all tests was approximately 2-5 h.

Results

Table 1 provides the means, standard deviations, and ¢ test results for the novice and
expert groups on each of the four experimental measures. Experts scored sig-
nificantly higher than novices on all of the tests.

Measures of internal consistency reliability were computed for the measures of
both tactical skill (« =0-81, Cronbach’s alpha) and scmantic memory (a = 0-85).
Interrater reliability was computed for the measure of strategic skill (r = 0-80).

Scores for the measure of syntactic memory were analysed as a 2 X 2 ANOVA
with skill group (novice/expert) and program type (random/ordered) as factors.
Experts’ scores were significantly higher than novices, F(1, 47) = 12-12, p <0-001.
The proportion of statements recalled was higher for the ordered vs the random
programs, F(1,47)=10-35, p <0-01. A significant skill X program interaction was
expected because previous research has found that experts recall significantly more
of ordered programs than novices but nonsignificant skill group differences on recall
of random statements. The interaction was not significant, however (F <1).

t tests were performed to determine how the results of the present study compare
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TaBLE 1
Descriptive statistics and t tests for novice/expert differences
on the experimental measures

Variable n X S.D. df ¢ value

Memory composite

Novice 20 0-16% 0-14

Expert 30 0-26% 0-11 48 3-07%
Knowledge

Novice 20 10-20 4.25

Expert 30 15-43 3-55 48 4.72t
Problem-solving

Novice 20 7-05 4-02

Expert 30 11-10 226 48 3-15%
Tactical skill

Novice 20 10-30 7-20

Expert 30 18-80 4-17 48 5-28%
Strategic skill

Novice 19 23-37 6-86

Expert 30 30-03 4-22 48 4-228

NB, These are one-tailed tests.
+ Values are proportions.

tp <0-01.

§ p <0-001.

with previous research. Group means are provided in Table 2. Within the program
factor, experts recalled a significantly higher proportion of both the random
[1(48) =2-97, p <0-01] and the ordered [¢(48) = 3-16, p <0-01] programs than did
novices (one-tailed tests). For the skill factor, experts’ recall was superior on the
ordered vs random programs, 1(29) =1-89, p <0-05. For novices, while the mean
for ordered recall was higher than that for the random programs, the result was not
statistically significant, #(19) = 1-57, p <0-10.

Our results differ from previous research only in that expert performance on recall
of the random programs did not decline to the novice level. Meaning should
facilitate recall for the experts due to their increased knowledge and experience.
The performance of the cxperts remained superior to that of novices for recall of
both random and ordered programs, hcwever.

TABLE 2
Means for memory test used in
composite score

Skill Program _
group n type X+
Novice 20 Random 0-34
Ordered 0-41
Expert 30 Random 0-46
Ordered 0-54

t Proportion of total possible.
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TaBLE 3
Correlation matrix of skill and experimental measures

Variable 1 2 3 4 5 6

(1) Skill
(2) Syntactic memory 0-40+%
(3) Semantic memory 0-57+  0-39%

(4) Knowledge 0-56x  0-32+  0-93%

(5) Problem-solving 0-55¢ 0-48% 091f 0-72%

(6) Tactical skill 0-61%f 0431 0763 0-68%f 0-78%

(7) Strategic skill 0-52%  0-53% 0-75% 0-69:  0-72%8  0-73%
NB, n =50; n = 49 for strategic skill.
+p <0-01.
1 p <0-001.

Hypothesis 1 stated that semantic memory should be important in distinguishing
between skill groups. The correlation of semantic memory with skill (number of
programming courses) is significant, r =0-57, p <0:001, as can be scen from Table
3. In addition, a stepwise regression showed semantic memory to be a better
predictor of skill than syntactic memory, F(1, 47)=23-60, p <0-001, R*=0-33.
Syntactic memory did not significantly aid in predicting programmer skill.

Hypothesis 2 was analysed by a maximum R-square rcgression to determine the
best set of predictors of skill. The best sct proved to be semantic memory, tactical
skill, and syntactic memory, F(3, 45)=9-98, p <0-001, R*=0-40. Stratcgic skill,
counter to our hypothesis, did not significantly add to the prediction of programmer
skill.

Hotelling’s ¢ test for correlated corrclations was used to test hypothesis 3
(Guilford & Fruchter, 1978, p. 164). Two separate tests were necessary. The first
test determined the tactical skill-semantic memory (r =0-76, p <0-001) correlation
to be significantly greater than the correlation of tactical skill-syntactic memory
(r=043, p<0-01), t (47)=2-75, p <0-01 (one-tailed test). The second ¢ test
showed the correlation of strategic skill-semantic memory (r = 0-75, p <0-001) to be
significantly greater than that of strategic skill-syntactic memory (r =0-53, p <
0-001), ¢ (47) =2-25, p <0-05. The results of both tests support the hypothesis that
both strategic skill and tactical skill are more highly related to semantic memory
than to syntactic memory and may tap the meaningful learning and acquired
knowledge of the programmer rather than simply memory for the syntax of a
programming language.

Hypothesis 4 was examined, again using the ¢ test for correlated correlations.
Relationships of interest were between strategic skill and knowledge and between
tactical skill and problem-solving. The subtests of the test for semantic memory were
both highly correlated with strategic skill and tactical skill. The test results do not
support our hypothesis. There were no significant differences in the correlations of
knowledge and problem solving with strategic skill, (47) = 1-56, p <0-10, nor of the
two subtests with tactical skill, #(47)=0-95, p <0-10. In addition, stepwisc
regression analysis showed both problem solving abilities and general knowledge to
be important for the prediction of both strategic skill [F(2, 46) = 31-07, p <0-001,
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R*=0-57] and tactical skill [F(2,46)=41-78, p<0-001, R*=0-61]. Syntactic
memory also aided the prediction of strategic skill, F(3, 45)=25-53, p <0-001,
R*=0-63.

Discussion

The focus of this study was threefold: (a) to demonstrate semantic knowledge to be
the principal cognitive factor in skill for computer programming; (b) to determine
the best set of predictors of skill from among our measures; and (c) to investigate
the relationship of the memorization/recall measure of syntactic memory, both to
skill and to the other measures of interest in this study.

Semantic memory was shown to be important for programmer skill. Semantic
memory was also shown to be a better predictor of skill than was syntactic memory.
The importance of this finding lies in contrast to the use of the memorization/recall
task as the predominant measurc found in the literature for assessing programmer
skill.

Semantic memory, tactical skill, and syntactic memory provided the best
three-factor model for predicting programmer skill. Syntactic memory replaced
strategic skill in our hypothesized model, due perhaps to the strong intercorrelations
between the variables. Syntactic memory was included to account for unique
variance not accounted for by cither semantic memory or tactical skill. This
interpretation is rcasonable in light of the correlation between strategic skill and
syntactic memory (r=0-53, p <0-001), and that syntactic memory, rather than
strategic skill, was included in the regression model to predict programmer skill.

We found that the high-level plan conceptualizations of strategic and tactical skill
(Soloway et al., 1982) were most strongly related to the semantic memory
component of Shneiderman and Mayer (1979). Plan knowledge thus seems more
dependent on meaning derived through acquired knowledge and problem-solving
than on memory for language syntax. Subscquent rescarch should focus on the
organization of expert knowledge and on how semantic information is accessed to
develop the high-level plans experts use to solve problems.

It is also interesting to note the importance of knowledge and problem-solving
abilities for high-level planning for both strategy and tactics. From a review of the
literaturc, we expected problem-solving and syntax to be more important for tactics
than for strategy because tactical plans involve more immediate solutions than
strategic plans. Our results suggest the memory component to be more important
for strategic plans.

Some caution should be used in interpreting the implications of the syntactic,
semantic, strategic, and tactical measures. While great care was taken in developing
and refining the separate tests, they were not validated. Additional rescarch
operationalizing these components is nceded before we can determine whether the
tests are sturdy measures of the labels applied.

The memgrization/recall task was intended as a baseline measure by which to
compare our results with similar research on memory for programming (Shneider-
man, 1976), memory for chess (Chase & Simon, 1973; Pfau, 1983), and
memory for script processing (Bower, Black, & Turner, 1979). Past research found
that performance on the recall task for ordered information is superior to that for
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random information. More specific to programming, Shneiderman (1976) found
that experts performed better than both novices and intermediates on recall of the
structured programs. Shneiderman also found that experts performed similar to
novices on the random programs.

In the present study, consistent with prior research, experts’ performance on
ordered programs was superior to recall of the random programs. Also, novices’
recall of the ordered programs was not significantly different from recall of the
random programs. Contrary to previous findings, experts in the present study
performed significantly better than novices on recall of both the ordered and
random programs. A possible explanation is that too much was allowed for
memorization (3 min). With greater familiarity of the Fortran language than the
novice group, the experts may have had time to chunk the random programs. While
the time limits were the same as those used by Shneiderman in his research, the
programs used in the present study contained longer statements, perhaps increasing
the difficulty. Research on chess (Chase & Simon, 1973) allowed only 5s to view a
board of 20 pieces.

Figure 1 provides a tentative model which integrates the variables investigated in
this study. Solid lines suggest direct relationships. The broken line between syntactic
memory and tactical skill was added because of the corrclation between the
variables (r = 0-43, p <0-01). This model will serve as the basis for future research.

In summary, analogics are often made between chess and computer programming
regarding the organization and recall of information in memory. We have shown,
consistent with previous research for chess, that semantic memory is an important
cognitive factor in the determination of skill for computer programming. Research
on comprehension and memory for programming could profitably focus on such
factors as the best way to learn both first and subsequent programming languages,
and in identifying the components of expert skill. Shneiderman (1980) suggested,
and DiPersio, Isbister, and Shneiderman (1980) provided empirical support, that
employers might profitably use a memorization/recall task as a means of asscssing
skill for performing complex cognitive tasks. The results of the present study suggest
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that a mecasure of semantic memory would be a better method by which to assess
skill and would add face validity. Mynatt’s (1984) findings suggest that varying the
cognitive complexity of the semantic measure would aid in the detection of skill
differences. The use of some combination of both methods may prove optimal.

The importance of this research for training stems from the desire to improve on
the presentation—memorization—recall process of lecarning. Material to be learned is
best presented in a manner which facilitates organization in and subsequent recall
from permanent memory. Wexley and Lathan (1981) state that training should focus
on the match between teaching and learning to facilitate transfer to the job. If we
can improve on our ability to teach topics in computer science, such as programming
languages, the result may well be better programmers.

This research is based on the first author's masters thesis.
We gratefully acknowledge the assistance of Christy De Vader, Jim McElvey, and the
referees for comments on an carlier draft of this article.
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