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Abstract

The advent of computers in our society has created the significant profession of computer programming, which is offered as a
major in many colleges and universities. Accordingly, there has been much research on what is the most effective way to teach
computer programming to college students and other adults. Two common methods include conceptual, where people are taught
according to the principles behind programming concepts, and syntactic, where people are taught based on the rules or grammar
of the programming language. Much research suggest that syntactic teaching leads to better learning in adults than does
conceptual teaching. Nowadays, we find that even children are learning computer programming. Therefore, it is of interest to
investigate whether a conceptual or syntactic teaching approach works better with younger learners. In the present project, 37
middle scholars were taught basic Java programming through either conceptual or syntactic instruction. The topics covered were
for and while loops. Results showed that students taught using the syntactic method scored higher on a programming post-test
than those taught using the conceptual methods. Further research would shed light on whether these results hold for other

programming concepts or whether a hybrid approach may produce even stronger learning.
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1. Introduction

The benefits of conceptual (semantic) learning and syntactic
learning in programming have been investigated for many
years (cf., Shneiderman and Mayer, 1979) [, Early studies
report that semantic learning can help grow the programmer’s
knowledge such as the study done by Shneiderman and
Mayer, in which the researchers took novices and added an
independent variable (a standard manual) that included
conceptual models, so the novices could learn the
programming language BASIC. Syntactic learning was also
used in complement to grow the programmer’s knowledge.
Their studies show that syntactic learning can help college
students become better programmers. They used a cognitive
framework to describe behaviors involved in programming,
and they used an information processing model that included
syntactic and semantic knowledge. They found experimental
evidence to support the model of syntactic/semantic
interaction.

Studies report that novices who learn programming using a
language (for example, Kodu) can gain significant knowledge
of semantics and syntax (mostly semantics). For example,
Alice, a programming language that emphasizes concepts and
syntax, is a 3-D |Interactive Graphics Programming
Environment for Windows. The Alice programming language
helps programming novices to develop 3-D environments and
to explore the medium of 3D graphics, as well as learn
programming concepts. In their experiment, Cooper, Dann,
and Pausch (2003) I taught programming novices with Alice.
The experimenters found that the novices were actually quite
comfortable using Alice. They were able to find mistakes in
their code and debug the code. They also developed their
knowledge of programming concepts.

There are programming classes that teach introductory level
programming, intermediate level programming, and high
level programming these classes focus on syntactic, semantic,
and strategic programming knowledge. Some classes are
structured in a way so that the class focuses on one aspect of
programming knowledge as opposed to combining all three of
them. Studies report that programmers need all three aspects
of programming knowledge as opposed to just one. For
example, McGill and Volet (1997) B! used a conceptual
framework that integrated syntactic, semantic, and strategic
programming knowledge with declarative, procedural,
conditional knowledge. Analysis of experimental data from a
previous experimental study (Volet, 1991) ™ showed the
validity of their model. The model can diagnose deficiencies
of the programming knowledge of novice programmers
through course instruction.

Anthony Robins, Janet Rountree, and Nathan Rountree
(2003) B! from the University of Otago in New Zealand
reviewed the literature relating to the
psychological/educational aspects of programming. By testing
novice and expert programmers with different programming
strategies, program generations and comprehensions, the
researchers were able to identify different trends in the
different programmers. Their research concluded that the
novice programmers (who were more syntactical) did not do
as well as expert programmers (who were more conceptual).
The expert programmers were able to apply their strategies to
different tasks they had not seen of before, whereas novice
programmers had almost no way of approaching these
questions and resulted in failing to complete the tests.

Most of these experiments conclude that novice programmers
are more syntactic, while expert programmers are more
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conceptual. In these experiments, the students learned through
both syntactic and conceptual approaches programming. In
general, the students gained a sizable amount of syntactic
knowledge of the programming, but not much conceptual
knowledge of general programming concepts.

The above research was conducted with adult populations.
Nowadays, people are learning to program at a younger age
and this has drawn the attention of the research community.
For example, Adams and Webster (2011) 1 went to an “after
school center” where the kids learned Scratch. The
experiment lasted over an 18-month period, in which the
students (all of ages 8-18), created 536 projects overall. The
experimenters analyzed and drew conclusions from the
quality of the projects the kids made. After the 18 month
period, the kids developed a better understanding of basic
programming concepts (such as variables and conditional
statements).

Since students are learning how to program at a younger age,
the present study focuses on which method would be more
effective for teaching younger people: conceptual or
syntactic. Our experiment is novel in that we focus on the
effects of semantic vs. syntactic learning on middle scholars
as opposed to other groups utilizing other age groups as test
subjects. We also focus on a specific programming language
(Java) as opposed to the many other computer languages in
experiments conducted by others. In the present experimental
design, two groups of middle school students with no prior
programming experience learned basic Java. In this respect,
the students could be considered novices as in the above-cited
studies. One group was taught using a conceptual approach
and the other was taught using a syntactic approach.

2. Materials and Methods

Participants

Participants were 37 middle school students recruited from
the Herndon, Virginia area. Participants responded to a flyer
advertising a free Java workshop and were not paid for their
participation. The flyer was placed at the MyEdMaster
tutoring center and also at the local library. Participants were
given a pre-test to insure that they had no significant
knowledge of the Java programming language.

Materials

To accurately represent both of the approaches to teaching
programming languages, we developed two different
instructional sets (one conceptual-based and one syntactical-

based) followed by the same practice problems and final
examination. The conceptual handout was marked by its
inclusion of relatable, real world examples of while loops and
for loops in our lives as well as emphasized the conceptual
understanding of the uses of each loop structure. The
syntactical instructional set essentially focused on syntax and
numerous instances of actual code implementing the practice
problems with no detailed explanations or real life examples.
The conceptual and syntactic instructional sets were modeled
after the format used by Shneiderman and Mayer (1988) in
their studies comparing conceptual versus syntactic
instruction.

Procedure

The 37 participants were randomly assigned to an
instructional group (syntactic or conceptual) where nineteen
were in the syntactical group and eighteen were in the
conceptual group. Students were taught in groups of five to
twelve students to simulate a standard classroom
environment. An instructor taught the programming,
following the curriculum in the instructional set. Instruction
lasted for about 30 minutes, after which students were given a
set of four practice problems to work on. The practice
problems were the same for both groups and included two
while loop coding problems and two for loop coding
problems. The practice problems were untimed and took
about 15 minutes to complete. To prevent the use of any
online academic resources by the students and consequent
skewing of the results, all the coding was done on paper.
Upon completion of the four practice problems, students were
given individual feedback on their solutions. Students were
allowed to ask questions throughout the entire instructional
process.

After the instruction and practice problems, students were
given a timed 45-minute, fifteen point, six question test
comprised of four free-response questions each worth two
points, one short-answer question on the output of loops
worth four points, and one short-answer question on the
output of Boolean operations worth three points. The grading
rubric for the free-response questions was constructed based
roughly on the penalty for errors as defined in the 2010 AP
Computer Science General Free Response Scoring Guidelines
(“AP® Computer Science A 2010 Scoring Guidelines”, 2010)
[l and the 2015 AP Computer Science Question Specific Free
Response Scoring Guidelines (“AP Computer 2015 Computer
Science A Guidelines”, 2015) ®l and is shown in Table 1.

Table 1: Grading Rubric for Java Final Exam

Penalty Error
-0.25 points Missing semicolon if_majority of them are there_, mis_spellir)gs, redundant data type
declaration, redundant semicolon, invalid variable name
-0.5 points Incorrect variable declaration, invalid syntax for termination condition in a while loop
-0.75 points Undeclared variable, right pieces of loop structure in incorrect order,
-1 points Correct loop structure, but incorrect logic
-1.5 points Correct logic with minor imperfections in loop structure
-2 points Incorrect logic and incorrect loop structure
Penalty Error

In order to avert any potential grading bias, we asked that the
students not write their names on their papers.

3. Results and Discussion
Students” responses on the final test were scored in
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accordance with the rubric presented above. The highest
possible score on the post-test was 15. The mean post-test
scores for each condition are shown in Table 2.

Table 2: Mean Scores for the Java Final Exam

Syntactic Group Conceptual Group
11.5 9.2

Table 2 shows a difference in mean post-test scores between
the two groups with students in the syntactic group scoring
higher than those in the conceptual group. To determine
whether this difference is statistically significant, a two-tailed
t-test was performed. The results show that the two means are
different, t = 4.36, df = 35, p <.001. This suggests that middle
school students learned the Java concepts of for and while
loops better using syntactic instruction than they did using
conceptual instruction. These results mirror earlier findings
that adult learners learned computer programming better from
syntactic-based instruction than they did from semantic-based
instruction.

4. Conclusion and Recommendations

We can conclude that the syntactical lesson did indeed lead to
superior performance on the final Java examination compared
to the conceptual one. Teachers may still want to teach the
logic behind the syntax of any programming language, but it
is imperative to develop a form of “pseudocode” and teach
the actual syntax with lots of short practice coding exercises
concurrently. Testing the efficacy of adding a conceptual
component to the syntactic instruction is an area worthy of
further research.

We note that our experimental results are limited to people
with no prior programming experience who were learning the
basics of Java for the first time. In essence, these students
were novice programmers. Accordingly, it makes sense that
novice programmers would respond to syntactic instruction
more than they would to conceptual instruction. According to
John Anderson’s ACT* theory (1983) [, learning involves
transforming facts into procedures or rules for execution. A
syntactic teaching approach is a means to provide those rules.
On the other hand, research by John Leddo and his colleagues
(Leddo et al., 1990) 19 suggests that becoming an expert in a
field involves translating procedures into more generalized
problem solving skills. This suggests that a conceptual
instructional approach would be a useful follow on to
syntactic instruction once a student has demonstrated mastery
of the syntax and basic plans/schemas for programming.
Testing this hypothesis would be a useful continuation of the
present research.

The applicability of our thorough approach, trying out
different methods of and statistically isolating the most
effective one, goes far beyond students just learning Java. In
fact, we could apply this to students wishing to learn C/C++,
Python, other object-oriented programming languages, and
app development languages too. We could even optimize the
usefulness of different lesson plans for foreign languages as
well, since these have both conceptual and syntactic
components.

The extension to other languages, both computer and natural,
opens up a new line of research. Computer programming as a
profession has the interesting property that programmers tend

to be “polyglots” in that they learn multiple programming
languages. Similarly, people who learn foreign languages
typically have as a starting point their native language.
Languages are often conceptually similar but syntactically
different. The concept of a for loop exists in virtually every
programming language, but the syntax is typically different.
Therefore, we might expect learning a for loop in a new
language to be facilitated more by having a conceptual
understanding of for loops in general than a syntactic
understanding of for loops in a different language that likely
also has a different syntax. This creates the research question
of how to teach computer programming in a way that not only
facilitates learning the initial language, but also facilitates
transfer of that knowledge to new programming languages.

In any case, an amalgam of physically trying out different
lesson plans and numerically analyzing the efficacy of each
plan can open new doors in creating better lessons plans for
the future of education.
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