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Abstract. Diagrams are considered a powerful strategy for understanding and
problem-solving. Self-explanation is believed to be behind the effectiveness of dia-
grams. However, it is not clear to what extent students engage in self-explanation.
The possibility that students do not always engage in self-explanation is suggested
by empirical studies showing that diagrams do not always produce efficacious out-
comes. Ichikawa [1] also argued that it is unclear how students interpret diagrams
and discussed the need to have students explain themselves using diagrams. In
science learning, diagrams effectively help students learn the principles behind
phenomena. Having students use diagrams to explain phenomena may help them
understand the principles of the phenomena correctly and integrate their knowl-
edge effectively across subject areas. Therefore, in this study, we developed lesson
instructions in which students were required to explain the phenomenon using dia-
grams after the teacher had explained it. Students were also given the opportunity
to solve the problem collaboratively after the explanation had been provided. The
study involved 71 8th-grade students in one school. Fifty-eight same grade stu-
dents from a traditional public school also participated in the study and served as
the control group. A “basic knowledge test”, which tested students’ knowledge in
a fill-in-the-blank format, and a “principle understanding test” and “transfer test,”
which tested students’ knowledge in an explanation format, were administered.
The results demonstrated no significant difference in the basic knowledge test,
but the score in the principle understanding test and the transfer knowledge test
was higher for the students who received the experimental instruction. This study
indicates that deeper understanding is facilitated by combining the experience of
using diagrams with peer explanation.

1 Introduction

While the traditional goal of education has focused on solving problems efficiently,
recent changes in global educational goals havemade it more essential to promote deeper
learning among students. This “deeper learning” involves conceptual understanding and
the transfer of learned knowledge in different contexts.
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Diagramsmay play an important function in achieving this goal. Diagrams have been
considered a valuable strategy for problem-solving and suitable tools for communica-
tion. However, they may also be important as a tool to promote deeper understanding.
In particular, diagrams may help in learning the principles behind phenomena in sci-
ence learning (e.g., [2]). They may help students understand phenomena correctly and
integrate knowledge effectively across subject areas.

As for the reason why diagrams contribute to promoting deeper learning, Ainsworth
and Th Loizou [3] argued that diagrams facilitate self-explanation. However, some stud-
ies have shown that diagrams are not always effective (e.g., [4]), so not everyone spon-
taneously self-explains when using the diagrams taught. Ichikawa [1] also argued that it
is unclear how students interpret diagrams and discusses the need for students to explain
what they have learned using diagrams.

When considering how diagrams are used in the classroom, many teachers actively
use them in instruction. However, the activity in which students themselves explain the
principle with the use of diagrams is not always done sufficiently. For example, although
teachers teach problem solving well with the use of diagrams in Japan, not much time is
given to students for them to explain what they have learned using diagrams as teachers
do, or to solve applied problems using diagrams. However, under these circumstances,
students may not correctly understand the principles underpinning the phenomena. If
teachers want to share the principles behind the phenomena with more students, they
need to allow students to explain themselves with diagrams.

Based on the awareness of these issues, in this study, educational psychologists
and teachers in school collaboratively designed and conducted a science class in which
students got opportunities to explain the principle behind the phenomena they were
learning with diagrams. The important point is that the teacher explains to students by
using diagrams and ensures that the students themselves have the opportunity to explain
using diagrams.We also examined the effect of the instruction compared to the traditional
style of instruction in schools (i.e., this study is a practice-based research).

2 Outline of Practice Proposed in this Study

This practice was conducted at a public junior high school in the Kanto region of Japan.
The class concerned a one-hour science class for 8th-grade students. The first instruc-
tional plan was written by the second and third authors, who are public school teachers,
and it was later modified in discussions with other authors including psychologists.

There were two major topics to be covered in the class. One was “sea winds and land
winds”, and the other was “monsoons”. A common principle can explain both. More
specifically, due to the difference in specific heat between the ground and water, during
relatively hot weather (daytime or summer), an updraft rises from the ground (land or
content) and a downdraft is generated in the water (ocean), and that causes the wind
to blow from the ocean to the land. On the other hand, during relatively cold periods
(night time and winter), updrafts are generated in the water (ocean) and downdrafts are
generated on the ground (land and continents), and that causes winds to blow from the
land to the sea. Visual representation for understanding this was given.

Students with only a shallow understanding might memorize this content as a one-
to-one correspondence, so that they just remember the facts of “sea breezes during the
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day” and “land breezes at night”. Theymight also memorize that “the Japanese monsoon
blows from the southwest in summer and from the northeast in winter”. On the other
hand, students with deeper understanding comprehend the principle behind the winds
through strategies such as diagram use so that they can remember and reconstruct those
wind movements from the principle and remember the contents for a longer time.

The explanations of the phenomena and the principle are usually included in the
textbook,which is often accompaniedbydiagrams, andmany teachers explain to students
with the use of diagrams in class. However, as mentioned in the introduction, it is not
sufficient for many students to simply listen to the explanations by a teacher. It might be
necessary to give students opportunities to explain the principle and the phenomena by
themselveswith diagrams. Therefore, in this practice, activitieswere incorporated during
which students explained the content to their peers with the use of diagrams. The content
relating to seasonal winds is not only covered in the 8th-grade science class but also in
social studies. For example, the monsoon in India is included in the 7th-grade social
studies curriculum. However, it is thought that such deep understanding across subjects
is not sufficiently covered in class. Therefore, activities that required consideration of
the monsoon in other areas of the world, with diagram use, were also included in the
class session as applied problem-solving.

The “thinking-after-instruction” approach proposed by Ichikawa [1] was used in
these teaching methods. This teaching method consists of four stages: teacher’s expla-
nation, checking comprehension, deepening understanding, and reflection (Fig. 1). This
frameworkwas used to design the lesson.More specifically, the following flowof lessons
was conducted. (1) The teacher explained the phenomena of sea wind and land wind,
and the principle that explained the wind movement direction. (2) The students checked
their understanding of “sea wind and land winds” with each other. Specifically, using
diagrams, the students checked whether they could explain the phenomena and the
principle behind them in their own words (see Fig. 1). (3) The teacher explained the
phenomena and the principle of the Japanese monsoon. (4) The students checked their
understanding of the Japanese monsoon with each other. Using diagrams, they checked
whether they could explain the phenomena and the principle behind them in their own
words. (5) Students worked in groups to think about the monsoons in Southeast Asia,
India, and Africa. (6) Representative students were asked to explain the phenomena and
the principle by taking on the role of TV newscasters. (7) As a reflection activity, the
teacher asked the students to write on paper what they understood, what they still did
not understand well, and what they wanted to know more about.

This study also took data from classes from a normal public school in Tokyo to
obtain comparable control group data. Seventy-one students participated in the survey
in the practicing school and 58 students in the base-line group. The teacher explained
the phenomena and a principle in the classes, and the students were asked to solve the
problems in class or at home. For the students in this “base-line group”, the teacher
explained the principle (as would be typical in most classrooms). There was no activity
in which the students themselves explained the principle using diagrams. In addition,
the importance of diagrams was not specifically mentioned, and the applied problem-
solving was not included. To examine the effectiveness of this practice, a post-test was
conducted 1 to 2 weeks after implementing the lesson.
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Fig. 1. A student explaining to other students using diagrams

3 Evaluation and Discussion

The post-test comprised three parts: the first part was a “basic knowledge test” which is
fill-in-the-blank question; the second was a “principle understanding test” and the third
was a “transfer test” that required descriptive answers. The first part was a question,
in which students were asked to answer “sea wind” or “land wind” for daytime wind
and night time wind. The second part had a question that asked students to explain the
principle of why such differences in the wind occur according to the day/night time. The
third part had a question requiring integrating the knowledge they learned in science and
social study, in which students were asked to explain why the direction of the monsoon
is different between Japan and India. The results are shown in Fig. 2. No difference was
found in the “basic knowledge test”. On the other hand, “principle understanding test”
and “transfer test” scores were higher in the classes where the practice was implemented
than in the control group. Detailed results are shown in Fig. 2.

This study conducted a practice incorporating a learning activity in which students
themselves explainedusingdiagrams.The results showed that the students’ deeper under-
standing, such as explaining a principle, was promoted compared to the regular classes.
The principle behind the phenomena was taught in both schools. In the control group,
the teacher only used diagrams to explain. As a result, only some students who reached
a deeper understanding on their own could explain the principle. On the other hand, in
classeswith practice developed in this study,manymore studentswere able to explain the
principle even though they were given only a few minutes to explain it using diagrams.
In addition, the transfer test indicated that students got a comprehensive understanding
across subjects. The present study was practice-based, and many areas have not been
rigorously tested between the experimental and control groups. It is desirable to conduct
a more detailed investigation of the effects of students’ own explanations using diagrams
in the future.
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(a) Basic Knowledge Test (b) Principle Understanding Test (c) Transfer Test

Fig. 2. Results of post-tests
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