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Abstract

Name Yoshimichi Oikawa

Titile

Development of System of Similar-Question Generation and Exercise for Activation of

Peer Teaching

This research aimed to construct a quiz-based exercises environment with a
similar-question generator provided by ICT support. In this research, similar-questions
were defined as a set of questions where variables, figures, and choices were slightly
different from each other, and students easily recognized the questions were resolved in
the same way. A quiz-based exercise with similar-questions was activated by
spontaneous peer teaching, and enhanced the learning satisfaction and confidence of
students because even low-achieving students could act as a tutor. However, preparation
of similar-questions or the process of the exercise was a burden for the teacher who used
the exercise as an actual classroom activity. Therefore, in this research, a server system
and Learning Management System (LMS) modules for supporting the quiz-based
exercise with similar-questions that reduced the preparation time were developed.

In Chapter 1, the background and purpose of this research are described. The
beginning of the research involved a problem occurring with the quiz-based exercise in
the actual classroom. Due to a range of students' achieving level was widely year by year,
it became more difficult to use former quiz-based exercises to supporting their
understanding. To improve this situation, several methodologies of provision were used.
During this process, I found that the quiz-based exercise with similar-questions
activated students’ activity. Therefore, I could support the process of the exercise
utilizing ICT.

In Chapter 2, a cooperative study of the students and an overview of the
methodology of question generation are described. Peer teaching is an important factor
of exercises with similar-questions. Therefore, firstly, I organized the methodology of the
peer teaching. The definitions of peer learning are very conflicting, so I organized these
definitions and clearly defined the term of “peer teaching” for this research. It is
important for the exercise with similar-questions to provide different questions for each
student. To conduct the exercise, a teacher prepared a vast number of questions. However,
the question preparation by hand is unrealistic, and so regarding support of the question

preparation, I researched the methodology of question generation as a supporting



approach of the preparation process. As a result, the concept of the quiz-based exercise
with similar-questions was not used in our research.

In Chapter 3, a prototype system of generating and providing questions is
described. The purpose of developing the prototype system was to acquire
knowledge/technique for generating similar-questions and verifying the effectiveness of
the quiz-based exercise with similar-questions. The prototype system was developed as
a proprietary system, and the system generated a set of similar questions to form a
template. The system also provided a similar-question with reference to a course
definition file for each student. A unique question was displayed when the students
accessed the system using a web browser on their client PC. The students learned
through peer teaching utilizing the similar-questions. In this chapter, I explain how to
define a template and the basic concept of similar-question generation.

In Chapter 4, the result of using the prototype system in an actual classroom
lecture is revealed. In two general chemistry classes, the quiz-based exercise with
similar-questions on the prototype system and the quiz-based exercise with the same
questions on the former system were used and verified the usefulness of the system by
observation of student activity, a questionnaire, and analysis of answer scripts of
examinations. As a result, from the observation of student activity in the class, low-
achievers tended to copy the answers of high-achievers in the case of the exercise with
the same questions. On the contrary, in the case of the exercise with similar-questions,
peer teaching occurred. According to the results of the questionnaire, students’
satisfaction for their study increased for the exercise with similar-questions, and
students received the exercise more favorably. Furthermore, the mean value of the
correct answers related to the exercise with similar-questions was significantly higher
than those with same-questions. These results suggested that the quiz-based exercise
with similar-questions was a useful educational methodology.

In Chapter 5, developing a question-generation server, developing similar-
question exercise support modules for LMS, and utilizing these modules as external tools
for LTI are described. The first research was used to develop a web service system for
generating similar-questions. The system returned a set of similar-questions that was
generated from a template, which a user uploaded via the Internet using a web browser.
A framework for helping to prepare a set of similar-questions was built on the web using
this research. The second research aimed to integrate the similar-question exercise into
the LMS as an extension. The similar-question generation function was developed by
customizing the module, which was developed in the first research, and was integrated

into a Moodle server system as a Moodle plugin. Additionally, a new exercise support



function was developed and integrated into the server. The similar-question generation
module automatically generated a set of similar-questions by changing figure/word
variables that were defined in a template, and stored the set into the question-bank of
the LMS. The generation module corresponded with conditionally generation. The
template could be defined by the editing functionality of Moodle. This module could also
be used outside of the course contents, and the set of similar-questions could be used in
other units such as the quiz-module. The exercise support module was developed to
support the quiz-based exercise with similar questions. This module had a function of
giving different similar-questions to each student as far as possible. Several procedures
for the similar-question exercise were automated in the module. The third part of the
research aimed to consider the application of the similar-question exercise module as an
external-module that was suitable for the LTI standard. The use of this module was seen
to reduce the labor more efficiently than those of the conventional system. The
integration of these functions to the LMS meant they could be used outside the LMS as
external tools and standard-based Learning Tools Interoperability (LTI), which was a
standard for the interoperability by Global Learning Consortium. So, the server that was
installed for Moodle was customized as a Tool Provider and was prepared. Then it was
connected from another external LMS such as Moodle, Sakai and Canvas. As a result, it
was found that the exercise support functions on Moodle were able to use these external
systems as a tool provider as expected.

In Chapter 6, for the purpose of generating figures automatically, linkage of the
similar-question generation function, and TeX system are described. The module of the
function, as described in Chapter 5, generated a set of functions by replacing
figures/words in question sentences. Due to this, it was difficult for the module to manage
graphs, figures, chemical structures, and so on. To enable automatic generation of graphs
that conformed to question sentences in similar-questions, an extended similar-question
generation module was developed for Moodle, which was interlocked with a TeX system.

After all, the generation module generates similar-questions from text data that was
written in a template. Therefore, the module was compatible with TeX, which defines a
numerical formula and the figure as text data, and it was expected that the module was
able to generate graphics from TeX sentences, which included variables defined by the
generation system I developed. Regarding the actual generation, the system was able to
generate mathematical graphs, basic figures such as polygon, chemical structures,
circuit diagrams, and music scores as expected.

From this research, it was found that a set of similar-questions, including graphics,

could be generated without the need for preparation of graphics in advance. The research



also expanded the possibility of application of the similar-question exercise to several
subjects of study. From this, we think that these researches contributed to the

construction of the similar questions exercise environment by using the ICT as follows:

1) From the results of the actual classroom activities, I was able to demonstrate the

usefulness of the handmade similar-question exercise system that we developed.

2) 1 was able to create a convenient environment for the quiz-based exercise with
similar-questions by providing the similar-question server and by providing the

similar-question exercise support function of Moodle.

3) I was able to expand the quiz-based exercise with similar-questions to several

subjects of study by interlocking the LMS with the TeX system.



