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Abstract. We describes the development of a support system that facilitates the
process of meaning deduction by stepwise abstraction in two steps: unifying
processing and specifying the meaning of the unified processing. We developed
a tool that supports stepwise abstraction with a function that points out learners’
mistakes and makes them aware of their errors. We conducted experiments
using the learning support tool and found that the system and process are
possibly effective.

Keywords: Programming learning � Learning support system � Stepwise
learning � Meaning deduction

1 Introduction

In recent years, the importance of information technologies in the general advancement
of society has been recognized with the spread of mobile terminals such as personal
computers and mobile phones. Along with this, education on information processing
has been offered to a wide range of students at institutions of higher education such as
universities. Programming education is part of such efforts and increasingly support is
needed for fostering learners’ problem-solving ability.

In lectures on programming, problem solving is taught by having the learner
consider an algorithm or source code to achieve a particular goal. However, in addition
to writing code to meet requirements, it is also necessary that programmers be able to
read an algorithm or source code and to extract its requirements.

It is important to think in stages in order to understand the overall mechanism by
grasping the meaning of individual elements and their function in combination.
We also consider a stepwise approach to be important in the above programming
process. Here, we focus on the process of reading source code. We define step-by-step
thinking in this process as “stepwise abstraction” and support the learner in reading
source code.

© Springer International Publishing Switzerland 2015
S. Yamamoto (Ed.): HIMI 2015, Part II, LNCS 9173, pp. 387–394, 2015.
DOI: 10.1007/978-3-319-20618-9_39



2 The Programming Process

2.1 Support for Learning to Read Source Code

In previous research, the process of reading source code has been broken down into
two steps: reading comprehension and meaning deduction (see Fig. 1). In reading
comprehension, leaners convert source code to an abstract representation such as a
flowchart [1]. In this way, they can recognize source code as a representation that is
independent of the programming language. In meaning deduction, learners see the
abstract expression and consider what it is doing. Kanamori et al. developed a support
method for meaning deduction where flowcharts are shown, prompting the learner to
consider their meaning [2, 3].

2.2 Stepwise Refinement

Shinkai and Sumitani [4] focused on “Algorithm design” shown in Fig. 1 and support
this process by stepwise refinement. This involves refining the problem requirements in
a top-down manner. In other words, the requirements for the stated problem are divided
into sub-goals. This refinement is done repeatedly, further dividing sub-goals into unit
equivalent to flowchart symbols that satisfy part of the problem requirements. A benefit
to learners is that the processing that satisfies the requirements of the problem becomes
easier to understand by step-by-step detailing.

3 Stepwise Abstraction

3.1 Description of Stepwise Abstraction

Shinkai and Sumitani [4] studied support for algorithm design by stepwise refinement,
but we also consider it important to apply step-by-step thinking in meaning deduction,
which is a reverse process of algorithm design. Here, we propose the support method
for the process of meaning deduction and call it “stepwise abstraction”. Meaning
deduction is performed after the stage of reading comprehension. In this process,
learners are required to deduce the meaning of the program which is expressed by
abstract processing flow such as flowcharts. The learners are required to consider the

Fig. 1. The process of programming
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meaning of the processing flow. However, if they are novices and cannot consider
enough, they cannot conduct this process. In this research, we support this process by
stepwise abstraction.

Figure 2 shows the example of the stepwise abstraction. The stepwise abstraction
step consists of two steps: (1) unify processing and (2) specify the meaning of the
unified processing. First, learners look source code and consider the meaning of each
line. Second, they unify several related lines as processing. In the case of Fig. 2,
“i = b”, “b = a” and “a = i” are unified. This step is unify processing. Next, learners
consider and specify the function of the unified processing. In the case of Fig. 2, they
may specify this function composed of 3 lines as a function which replace “a” and “b”.
This step is specify the meaning of the unified processing. Once this is done, learners
have completed one abstraction step. Learners are required to repeat this step for
understanding requirement gradually. In other words, stepwise abstraction involves
abstracting the meaning of each source code line in a bottom-up manner. We believe
that the proposed abstraction process is beneficial to learners because it allows them to
easily understand the requirements.

3.2 Support Method for Stepwise Abstraction

Here, we propose a support method to facilitate understanding in meaning deduction by
stepwise abstraction process for learners who cannot arrive at the requirements through
the abstraction process. There are possible mistakes that learners can make in the steps
of unifying processing and specifying the meaning of the unified processing.

On possible error in unifying processing is that the learner could make an incorrect
unification. In addition, there is a possibility that overly abstract unifications are made.
Strictly speaking, overly abstract unifications are not incorrect. Overly abstract unifi-
cation, however, make difficulties in specifying the meaning step because learners must
consider complex processing. So support is needed to ensure the stepwise abstraction is
done in appropriately sized steps. To address these issues, we prompt learners to
modify their answers by providing them with hints as feedback.

4 Learning Support System

4.1 Interface

Figure 3 shows the learning screen of the learning support system that we developed.
Learners learn according to the model described in Sect. 3. The translation of the source
code is shown in the right corner and source code in the left corner. First, learners unify
processing by selecting checkboxes corresponding to the translations and clicking the
“Unify processing” button (see Fig. 4). If this is done correctly, the unified processing
appear in selection list of the learner’s correct answers. Several alternatives are
available in the selection list. Figure 5 shows a screen in the middle of the process.

After the learner has repeated these operations, the panel in which the user selects
the requirement is shown. If the learner can correctly derive the “requirement”, the
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Fig. 2. Examples of stepwise abstraction process
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Fig. 3. Initial screen of the system

Fig. 4. Screen for unifying processing

Fig. 5. Screen for naming unified meanings
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message panel displays “Great! You gave the correct answer!”. If the learner gives the
wrong answer, the system displays a hint as feedback.

4.2 Hints for Feedback

Stepwise abstraction is a process within meaning deduction. It is necessary that all
operations be done correctly. In addition, if learners cannot do a step correctly, they
cannot proceed to the next step. So the system returns hints as feedback for each of two
tasks: “Unify processing” and “Specify the meaning of the unified processing”. We
described two types of mistakes that are made when unifying processing. The system
returns the messages “There are some errors in the highlighted parts” for simple errors
and “You can make a few more small groups of unified processing (see the highlighted
parts)” for the error of overly abstract unifications. In the step of specifying the
meaning of the unified processing, the system highlights the incorrect part and returns a
message such as “Please try again”. Figure 6 shows the example of the hint feedback
against naming error.

5 Experiment

We conducted an experiment to evaluate the effectiveness of the stepwise abstraction
process and our system.

5.1 Experimental Methods

We conducted an evaluation experiment with 6 university students who had experience
with programming lectures. First, we conducted a 20 min pretest and divided the

Fig. 6. Example of the hint feedback against naming error
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students into a control group and experimental group so that there was no difference in
average pretest score between the groups. Then, we gave a lectures on programming
and assigned exercises on reading source code. The experimental group used the
proposed system, and control group did the exercises on paper; the content of the
exercises was the same in both groups. It should be noted that we described stepwise
abstraction step and use of the system to the experimental group, but we did not
describe these to the control group. After the exercises, we conducted a 20 min posttest.
The test and exercise problems were in format where we gave the meaning of each
source code line and the learner was asked to give a set of unified processing. We used
the same six problems in pretest and posttest. The learner was given 1 point for
correctly deriving the requirement.

5.2 Experimental Results

Table 1 shows the results of the experiment. The average pretest score was 1.67 in both
the experimental group and the control group. In the posttest, on the other hand, the
average score in the experimental group was 3.67 versus 2.67 in the control group. The
number of participants in this experiment was small, so we cannot say the system is
effective. However, participant C in the experimental group was scored 2 points in
posttest despite scoring 0 points in the pretest. At this time, we can say only that it is
possible for some learners to understand and capture the meaning of source code
through step-by-step abstraction.

In addition, participants B and C successfully completed the tasks of unifying
processing and specifying the meaning of the unified processing, though they were
unable to do so in the pretest. Therefore, we may say that our system provide an
opportunity for learners to consider step-by-step abstraction.

6 Conclusions and Future Work

In this study, we defined stepwise abstraction as a new process of meaning deduction as
a part of learning to read source code. Further, we developed a system based on the new
process. As a result, we found the possibility that the process and system might be
effective. In future work, it is necessary to conduct further experiment with more
participants and to conduct a questionnaire to evaluate the proposed system and
process. Also, we anticipate that learners will be able to better understand algorithms
through the interaction of stepwise refinement and stepwise abstraction.

Table 1. Experimental results

Experimental group Control group
A B C D E F

Pretest 3 2 0 4 1 0
Posttest 5 4 2 5 3 0
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