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Abstract. In recent years, guaranteeing the educational quality is re-
quired in university education of Japan. With this situation in mind,
we built study support environment with the information technology.
As a result, we utilized the result for programming education and ob-
tained the effect. There are various technical elements in the program-
ming skill. However, many evaluations have adopted a comprehensive
evaluation method. Therefore, a student’s attainment to each technical
element is indefinite. Some students become difficult to perform learning
activities. So, in this research, programming notes the point which is the
implicit thinking skill which is strongly related in study. Accumulation
experience analyzes strongly related eye movement, and we aim at the
standard construction for skill.
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1 Introduction

Recently, university education of Japan is demanded for the educational quality.
Based on this situation, authors developed study training supporting environ-
ment using Information technology. Such learning environment has been utilized
for the education of computer programming. We have some efficacy in those
studies. However, there are various technical elements in programming skill. By
such programming, the present condition is that a learner’s evaluation is esti-
mated by only overall points. Therefore, a learner is difficult to get to know
the attainment level to each own technical element. So, in this study, we pro-
pose the method of presuming the difficulty of programming which applied the
eye-tracking system [1] which is biological information.

Most investigations are classified with learner’s analysis and discovery of the
feature [2], teaching method proposal of programming instruction [3] and devel-
opment of programming instruction support software [4]. However, almost all
study target a beginner. Most investigations are classified with learner’s analy-
sis and discovery of the feature, teaching method proposal of programming in-
struction and development of programming instruction support software. Almost
all study targets a beginner. Usually, a beginner’s study training speed differs.
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Therefore, it is necessary to change the study training supporting method and
the teaching method according to the level of each learning. It is important to
provide the various study training methods according to a learner’s level.

The research task is divided into three phases in this study.First, we create
a learner’s evaluation index. Programming technique is subdivided and the skill
standard for checking the learning situation of the technology assessment cover-
ing the many dimensions is developed. Skill items and those degrees of difficulty
are built referred to item reaction theory, and existing previous study and books,
and create a skill judging examination. Next, eye-tracking measurement exper-
iment and its analysis are conducted. Measuring with a skill check is difficult
for the process of the thinking according to the degree of experience. A learner’s
eye-tracking is measured and a learner’s pattern of thinking is classified. A goal
(predominance set) is set up using a Data Envelopment Analysis (DEA) model
[5] by making into an input item the data obtained with the skill check, and the
data obtained from biological information, and the teaching method according
to a goal is proposed. A learner’s skill improvement is supported by repeat-
ing these steps. Finally, we measure the learning efficiency according to each
learner. And a learner’s skill level and the carrer path which responded properly
are shown. Here, the creation method of a concrete learner’s evaluation index is
explained. The technical element of programming is clarified and development
of the learning materials for evaluation of the skill level of each element and a
skill check table are developed. In order to learn the programming skill of a com-
puter, a learner needs the ability of programming of not only the grammar of a
programming language but an algorithm, or others. We clarify all skill elements.

Next, we develop the learning materials for checking the skill check about a
learner’s programming skill item. Learning materials are based on the structure
which we developed until now. The structure takes up the module of the min-
imum unit. For example, the question of code complement form with which a
starved area is compensated in an input, an output, and processing is used. It
is the structure which can educate the thinking power according to the learner’s
technical element by the question. It feeds back to a learner by teaching and
testing using the above structure. In the process in which this cycle is repeated,
learner degree of comprehension and the degree of difficulty are quantitatively
computed by item reaction theory. Based on a result, a learner group is defined
according to a learner’s achievement. Learning materials and a judgment exam-
ination are completed. A skill judging test applies the lesson module of Moodle,
and collects learning histories efficiently.

It is easy to make a judgment mistaken for a correct answer in the proposed
learning materials. However, even if a learner makes the same mistake, it is
possible that the levels of a learner’s understanding differ. Then, acquisition
of programming skill pays attention to the point being strongly related in the
logical thinking based on study training experience. This accumulation expe-
rience pays attention to the eye movement expressed strongly. By analyzing a
learner’s eyes, the process of consideration is clarified until it obtains the answer
to each question. The degree of comprehension to experience and the component
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engineering which cannot be measured in a test is clarified by measuring a
learner’s eyes and classifying a learner’s pattern of thinking. In this study, the
analysis result of the eyes data especially done to various learners is introduced.
The validity of the eyes data which is biological information as a method of
measuring the degree of comprehension of program technology by that cause is
described.

2 Programming Education

In the institution of higher education relevant to an information technology, pro-
gramming skill is especially positioned as an important subject. Since the skill
standard of programming is not fully defined, the contents of instruction differ
for every organization. An attainment target, technical elements, and those set-
ting levels are dependent on a teacher’s educational philosophy in many cases.
Student’s results are decided by one-dimensional evaluation. In this case, math-
ematical logic thinking power is required strongly in many cases. The learner
who makes this mathematical thinking power elated is not dependent on the
teaching method or the contents, and good evaluation is obtained. On the other
hand, other learners are evaluated by programming as a proper layer which is
not. Historically, analysis of the achievement indicates that two layers certainly
exist universally. This trend is not concerned with the difference of age, sex,
and an academic level, but generating equally is known experientially. On many
works, the presentation to a data input/output and a user is in the mainstream.
It is rare to require advanced logic thinking power. A function, a class design,
and the definition of a data structure are different technical elements from logic
thinking power. The teacher should also evaluate these points. The improvement
in software development power of Japan is indispensable in an international com-
petition. Therefore, the learner whose learning evaluation of programming is not
good should not judge that there is nothing properly. A learner is evaluated from
many sides and it is thought that it is necessary to show the place of activity.

2.1 Previous Study

The study for programming is divided roughly into three kinds.

1. A learner’s analysis and discovery of the feature
2. The teaching method proposal of programming instruction
3. Development of programming instruction support software

No. 1, the observation of an error pattern that a learner falls easily, the item
and the coping-with method which bar a learner’s understanding and the feature
of the learner who makes programming unskillful. These are mostly in agreement
in the report of previous study [6]. However, many study has stopped at sug-
gestion and a proposal for the beginner. Those study has proposed neither the
study training supporting method for a beginner to advance a study training
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in maturity according to the level of each learning, nor the teaching method
according to the level of a learner’s learning.

No. 2, Hofuku et al. has perceived that there are many points which must
be learned when studying programming, and has proposed the learning method
which arranges a study training step in detail [7]. However, they have not men-
tioned the point of preparing the directivity of various study trainings according
to a learner’s attainment level.

No. 3, It is considered as the support in a lecture, and the research tasks with
main self-study learning environment construction. The LMS development based
on Web by the study for self-study environmental construction is in use. The
advantage of the study here is at the point which can feed back the result which
may have had the use example of self-teaching environment analyzed to the
teaching method [8]-[10]. And, in order to aim at evoking interest, development
of the function which paid its attention to the leisurely element, and presentation
of an intuitive concept are done in many cases. The example of representation
has Squeak, Alice, a pro grameen, and the Argo logic. As for the above, many
results of research outstanding for the beginner have been reported. However, the
support according to the achievement of the learner of the level which stepped
up from the beginner is hardly tried in previous study. In order to be targeted
at all the learner, it is necessary to formalize the step of the thinking according
to programming experience. The trial into which skill of the technical element
of programming introduced eye-tracking apparatus at this point depending on
experience of coding for expression of experience is not checked as long as it is
our investigation.

3 Proposal

In this study, we roughly divide a research task into the next three items, and
are planning it.

3.1 Making of Evaluation Index

Programming technique is subdivided and the skill standard for checking the
learning situation of the technology assessment covering the many dimensions is
developed. Skill items and those degrees of difficulty are built referring to item
reaction theory, and existing previous study and books, and create a skill judging
test.

Specifically, a learner’s evaluation index is created first. The technical element
of programming is clarified and development of the learning materials for eval-
uation of the skill level of each element and a skill check table are developed.
As shown in Table 1, the work which pulls out the item in connection with the
ability of programming of not only the grammar of a programming language but
an algorithm or others is done. Next, the learning materials for doing the skill
check about a learner’s programming skill item are developed. Learning mate-
rials are based on the structure developed by achievements [11]. The module of



268 T. Kashima, S. Matsumoto, and S. Yamagishi

the minimum unit is taken up, and it is a question of code complement form with
which a starved area is compensated in an input, an output, and processing, and
can educate the thinking power according to a technical element. It feeds back
to a learner by teaching and testing using the above. In the process in which this
cycle is repeated, learner degree of comprehension and the degree of difficulty
are quantitatively computed by item reaction theory. Based on a result, a learner
layer is defined according to a learner’s achievement. Learning materials and a
judgment test are completed by the above. A skill judging test utilizes the lesson
module of Moodle, and collects learning histories efficiently.

3.2 Eyes Measurement and Analysis

About the process of the thinking according to the degree of experience which
cannot be measured with a skill check, eyes are measured and a learner’s pattern-
of-thinking classification is done. A target (predominance set) is set up using a
Data Envelopment Analysis (DEA) model by making these into an input item,
and the teaching method according to a target is proposed.

It is easy to make a judgment mistaken for a correct answer in the learn-
ing materials done in the last fiscal year. However, while it is the same, it is
possible that a level differs also in changing. Then, paying attention to a point
strongly related in the logical thinking based on study training experience, this
accumulation experience pays attention to acquisition of programming skill at
the eye movement expressed strongly. By analyzing a learner’s eyes, the process
of consideration is clarified until it obtains the answer to each question. The
degree of comprehension to experience and the component engineering which
cannot be measured in a test becomes clear by measuring a learner’s eyes and
doing a learner’s pattern-of-thinking classification. Fig. 1 shows the result of the
eyes analysis experiment of the learner who carried out in advance of this study.
The users 1 and 2 of Fig. 11 are learners who are insufficient of the skill which
guesses the output of the program of Fig. 1.However, it becomes clear that it is
an understanding level which is different when eyes are measured and analyzed.
Although it turns out that he can understand the grammar used as the key to
a program, and a value about the user 1, it is a difficult learner to arrive at an
answer, without the ability to understand fine grammar. On the other hand, if it
arrives at the contents which are not understood to some extent about the user
2, it read over from the 1st line again and has repeated this operation. Thus, it
becomes possible to read in an eye-tracking history the degree of comprehension
which is not reflected in a result. The pattern of thinking of the learner who
measured and got eyes is utilized for the teaching method making correspond-
ing to the component engineering. It is assumed that the comment in question
was the cause by which a learner layer with difficult follow continues existing in
the point only depending on the explanation from a teacher’s expert viewpoint
traditional. Technique changes in the layer from which an experience level is
different.

A gap exists explaining skillful work to a beginner. I think that the layer
whose experience level of us is shallow will be what the technique of a somewhat
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Fig. 1. The existing educational approach

high layer is imitated for (view place of eyes), and it will be important for it
to promote step-up. With eyes analysis, the definition of learner layers is made
strict and learner layers are simultaneously associated with a path. Grouping
of the learner with each technologic-abilities difference is carried out based on
the vector of many dimensions. A target (predominance set) is set up for every
group, and it aims at proposing the teaching method according to a target. A
Data Envelopment Analysis (DEA) model is used. Unlike the former, a setup of
many targets is attained by this, and the target according to each learner’s skill
can be set up Fig. 2. In Fig. 2, three targets are set up and two or more teaching
methods also exist. Thus, a setup of the target for developing the ability made
elated for a learner is attained.

3.3 Evaluation of Learning Efficiency Nature According to a Larner

Here, a learner evaluates whether the study training is done efficiently. And,
a learner’s skill level and the carrer path which responded properly are shown.
Specifically, each learner continues a study training toward a target in accordance
with the teaching method. As a result, learning efficiency is evaluated according
to the final place at which the learner arrived. Furthermore, matching with
a learning stage and a career is done. As shown in Fig. 3, the check of the
future target according to ability of a learner is attained, and he leads to the
improvement in greediness for learning. And, in order to attain at a target,
the check of the technical element which run short at present is attained, and
becomes possible at any time about the directivity and the current position of
a study training.
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Fig. 2. The example by a Data Envelopment Analysis

Fig. 3. Learner’s eyes data
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4 Result

The proposal of a learner’s evaluation index was first created with the proposal
approach. As shown in Table 1, the technical item of programming was subdi-
vided. It roughly divided with an understanding of grammar, and an understand-
ing of the algorithm. About the detailed classification, knowledge needed for the
C language which independent administrative agency Information-technology
Promotion Agency shows was created to reference [8]. It becomes possible to
also classify a learner according to these classifications. Next, eyes measurement
experiment and analysis were conducted. It let the learner read a program and
created two or more questions to which I get it to reply what kind of result to
be displayed. The thinking process of the program was measured this time using
the noncontact eyes measuring instrument. The eyes data shown in Fig. 3 is the
learner who answered the inaccurate solution both.

However, it is shown by the learner from eyes data that degree of compre-
hension differs. Specifically, it turns out that the user 1 understands the line of
the important key of a program. Although the data flow of the for sentence of a
loop is also understood, not having led in the answer is shown. About the user
2, he cannot understand the important point of a program, but it can observe
signs that it rereads repeatedly to carry out one sentence and one-sentence un-
derstanding carefully repeatedly. Thus, it became clear that a learner’s degree
of comprehension and character can be read in eyes information according to a
learner.

5 Conclusion

In this study, the thinking process of programming based on an eyes course was
presumed for the purpose of making of the study training index which is useful for
programming instruction. As a result, it became clear that it becomes possible to
obtain the achievement level over the technical element according to the learner
who was not evaluated until now. We would like to conduct many experiments,
to propose the optimal career according to detailed skill investigation and skill,
and to evaluate whether it is applicable in the future.
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