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SUMMARY  Multi-Mouse Quiz (MMQ) is a quiz application based on
the Single Display Groupware (SDG)[1] concept through which several
users can answer quizzes by sharing a computer to take the quiz in a class-
room or any other learning environment. We conducted a practice, where
we used the MMQ to support collaborative learning, which was combined
with a museum visit. In the previous research, we found that the 3rd-grade
children were able to operate the MMQ without any special assistance from
the researchers, and that their use of the MMQ was characterized by high
engagement [2]. In this study, we also conducted qualitative evaluation in
the form of observation data and a free description of the questionnaire;
we found that, compared to previous studies, which used MMQ with 6th-
grade children, the 3rd-grade were more willing to use body language to
express their emotions, and this tendency made the whole class more ac-
tive. Furthermore, MMQ quiz learning inspired children with reflection
perspectives to participate in the museum activity and activities in the com-
puter room.
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1. Introduction

The national curriculum for elementary schools in Japan re-
quires “The Period for Integrated Studies” to be offered as a
general learning class. It aims to develop children’s under-
standing regarding the advantages of exploitative learning,
their expression ability with regard to solving problems that
occur in real life, and their cultivation of positive attitudes
towards participation in society [3]. As part of this program,
elementary schools have to conduct 70-hour classes every
year for students from 3rd-grade to 6th-grade. Social edu-
cational facilities such as museums are commonly utilized
by elementary schools in their class design for the period
of integrated studies. Such activities aim to encourage the
children’s interest in science, increase their knowledge, or
deepen their understanding of the region where they live.
The conventional style of learning about the museum in-
volves visiting the museum and writing essays after the visit.
Kotani & Nogami [4] have pointed out that educators often
wish to change such activities from “play” into “learning”
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during museum learning. However, school teachers often
face constant problems when they attempt to utilize reflec-
tion in children’s learning activities.

In the traditional class, the children write an essay to
reflect their museum learning. Contrary to this approach, in
this study, the children carried out a study task that involved
creating quizzes or answering quizzes combined with a mu-
seum visit, and they finished their task after visiting the mu-
seum. This study aims to improve children’s engagement
with the museum learning activity and promote their reflec-
tion.

2. Related Work
2.1 Reflection

Reflection is an active, persistent, and careful consideration
toward self-constructed knowledge and meaning through the
use of one’s experience, action, and beliefs [5]. Research
has often placed greater focus on the process of learning
compared to the outcome [6], [7]. In [7], Boyd and Fales
contend that experiential learning must be conceptualized
as a process and that the research required for examining the
phenomenon of experiential learning must also focus on the
process because the learning is experienced personally by
individuals. This study will carry out a process evaluation
of children’s learning.

2.2 Information Communication Technology (ICT) Sup-
port in Museum Learning

Several systems have supported museum learning. Yatani
et al. developed a quiz system using a Personal Digital As-
sistant (PDA) to support children’s collaborative learning in
a museum [8]. For college and high school students, Hira-
sawa et al. developed the voice guide system for museum
learning by using an iPad [9]. Ishiyama et al. developed the
Stamp-On system, which provides the user with detailed in-
formation about exhibits when he/she puts a stamp on the
iPad [10]. They measured the effectiveness of this system in
a college class.

However, these ICT systems support users’ study only
when they are observing exhibits inside the museum. This
study aims to support children’s study before and after they
visit the museum.

Copyright © 2019 The Institute of Electronics, Information and Communication Engineers
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2.3 Single Display Groupware (SDG)

A lot of ideas regarding Computer Supported Collabora-
tive Learning (CSCL) were developed based on multiple
personal computers that were connected through a net-
work. These systems were used in educational environments
where students used their own computers and sat at their
own seats. However, when students needed to discuss their
work with their classmates face-to-face, they often had to
move to others’ seats and thus leave their own computers.

Considering the importance of face-to-face collabora-
tive learning, the SDG proposed by Stewart et al. is a frame-
work that overcomes the previously mentioned disadvan-
tage of connected personal computers in a CSCL environ-
ment [1]. In SDG, users share information on a single dis-
play, and every user has an input device (such as a mouse)
that can control the computer. Scott et al. reported that the
SDG environment shows users as being more active on the
screen [11].

2.4  Multi-Mouse Quiz (MMQ) and Previous Research

MMQ is a quiz application based on the SDG concept. It
enables multiple users to answer quizzes by connecting sev-
eral mice to an ordinary personal computer. Figure 1 shows
a screenshot of the MMQ. Four users with hand-shaped cur-
sors controlled by their own individual mice can indepen-
dently click their answer within a time limit while use only
one PC. After users answer the quizzes, MMQ will show the
correct answer and commentary on the next screen.

We utilized an MMQ system (including MMQEditor, a
software to edit MMQ quizzes, and MMQ) to support 6th-
grade children in creating and answering quizzes in an el-
ementary school setting. The results showed that the chil-
dren found it easy to operate the MMQ system and that their
learning was encouraged and deepened through the mutual
evaluation of the quizzes themselves created [12]

Based on these results, we carried out the similar prac-
tice, including the museum learning activity, among the 3rd-
grade and 6th-grade children. This study aimed to confirm
whether above results would be found among the 3rd-grade
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children and to determine which kind of engagement the
children would have.

Zhou et al. [2] revealed that the MMQ could be oper-
ated by 3rd-grade children and they have high engagement.
However, analysis of the results shown in [2] showed good
engagement of the children in the activities, but this mainly
remained a quantitative study of multiple choice questions
in the questionnaires. However, MMQ provided an en-
vironment different from other ICT environments for col-
laborative learning; furthermore, the design of the activi-
ties was complex because it combined museum-based study
with quiz creation and answering across grades.

This study investigates this activity through a qualita-
tive point of view by analyzing descriptive answers for the
questionnaires, interviews with school teachers, and obser-
vations of the activities. In this study, we further examined
the children’s reflection on their learning and created a ques-
tionnaire analysis using the results of the free description of
the questionnaires; furthermore, we examined the children’s
behavior when they were using the MMQ.

Sections 3 and 4 provide overviews of the practice
partly reported in [2]. In Sect.5, we analyzed the re-
sults qualitatively while referring to the quantitative results
shown in [2].

3. Class Design

3.1 Purpose of Class Design: To Motivate Children’s Col-
laboration

In this study, MMQ was used to motivate children’s enjoy-
ment in terms of engagement with the activity. The activity
selected for the class was designed in accordance with the
proposals of the school teachers, and the authors gave tech-
nical suggestions with regard to use of the MMQ.

The 6th-grade children used the MMQ to answer some
sample quizzes that were created by our research group be-
fore they visited the museum. They were asked to create
quizzes for 3rd-grade children. This step was designed to
ensure that the children would carry out a study task during
their visit to the museum, thus motivating them to collabo-
rate with the 3rd-grade children by creating quizzes.

The 3rd-grade children used the MMQ to answer 10
quizzes created by the 6th-grade children before they visited
the museum, and they answered all the quizzes (40 quizzes)
created by the 6th-grade children after they returned from
the museum. This task was also designed to motivate chil-
dren to carry out a study task during their visit and thus en-
hance their enjoyment in remembering the knowledge they
learned during the museum visit.

3.2 Activity Details

In total, 47 3rd-grade children and 40 6th-grade children
participated in this activity. The quiz creation activities were
divided into three parts as follows:

1. Children answered sample quizzes using the MMQ.
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2. Learning in the museum: They were told that they
would have to create quizzes for the 3rd-grade children
before they visited the Kyoto University Museum.

3. Creating quizzes: The 6th-grade children wrote
quizzes for the 3rd-grade children. The children’s cre-
ated quizzes were reviewed and edited by the school
teachers and ported into the MMQ by one of the au-
thors. After they finished their quiz creation, they were
required to answer a questionnaire concerning this ac-
tivity.

The 3rd-grade children were asked to answer the quizzes
created by the 6th-grade children. The MMQ was used for
this activity because it encourages conversation among chil-
dren while they are answering the quiz by sharing the dis-
play. This activity is composed of the following three parts:

1. First Time MMQ Answer: The 3rd-grade children an-
swered 10 quizzes out of those created by the 6th-grade
children with the MMQ as preparation for their study
in the museum. The first questionnaire was conducted
after their use of the MMQ.

2. Learning in the Museum: One week after they an-
swered the quizzes, the 3rd-chidlren visited the mu-
seum, and appreciated the exhibits in the museum.

3. Second Time MMQ Answer: One week after their
visit, they answered all the 40 quizzes created by the
6th-grade children in order to review what they had
learned in the museum.The second questionnaire was
conducted at this point.

Three class hours (over 2 days) were allotted to each of the
two 3rd-grade classes for answering quizzes used MMQ. To
support the teachers and their students in using the MMQ,
one of the authors participated in the activities.

4. Research Question and Method
4.1 Research Question

This study’s main purpose was to support children’s mu-
seum based learning during “the period for integrated stud-
ies.” The school teachers often faced constant problems
regarding how to change “play” into “study” and how to
guide children to reflect on their study on the museum activ-
ity. Our main research question involved identifying what
kind of reflection could be gained through this activity. We
conducted a survey using the questionnaires, participant ob-
servations regarding the activities, and interviews with the
school teachers.

The MMQ was used in higher grades in our previous
practices, and it was used for the first time by the 3rd-grade
children in this study. Another research question in our
study involved determining what kind of behavior would be
observed when the 3rd-grade children used the MMQ.

4.2  Method

The authors formulated questionnaires to conduct a quan-
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Table 1  The first questionnaire for the 3rd-grade children [2]

1) Was the MMQ difficult to use?

2) Do you want to use the MMQ again?

3) Were the quizzes difficult?

4) Did you remember the quizzes?

5) Did you enjoy the quizzes?

6) What do you want to do after answering these quizzes? (multiple
choice)

*I want to go to the Kyoto University Museum soon *I want to try
these quizzes with my family *I want to read books *I want to make
quizzes *I will watch exhibit carefully when I go to the Kyoto Uni-
versity Museum *Others ()

Table 2  The second questionnaire for the 3rd-grade children [2]

1) Was the MMQ difficult to use? How was it difficult?

2) Do you want to use the MMQ again?

3) Were the quizzes difficult? How were they difficult?

4) Did you remember the quizzes?

5) What do you think about the quizzes created by the 6th-grade chil-
dren? (multiple choice)

*Great *Fine *Neither *Not so good *Bad *Useful *Use-
less *Taught me what I did not notice about that exhibit at the mu-
seum *I knew the answers to all of the quizzes *The questions in
the quizzes were easy to understand *The questions in the quizzes
were difficult to understand *The explanations for the quizzes were
easy to understand *The explanations for the quizzes were difficult to
understand *Other( )

6) What did you do after you answered the quizzes last time? (multiple
choice)

*I went to the Kyoto University Museum with my family *I attempted
the quizzes with my family *I read the books or surfed online *I
created the quizzes *I studied well when I had to go to the Kyoto
University Museum *Others ()

7) Did studying in the museum remind you of some quizzes?

8) Please write your comments freely. (Free description)

Table 3  Questionnaire for the 6th-grade children [2]

1) Which quiz did you create?

2) Why did you create that quiz? (multiple choice)

**The content was very interesting *The impression of the exhibit
was deep *It was useful for the 3rd-grade children *I liked it *It
was easy for the 3rd-grade children *It was difficult for the 3rd-grade
children *Others ( )

3) Did you consider the potential answerer when you created the
quizzes?

4) What have you done to develop your quizzes for the 3rd-grade chil-
dren?

**] wrote the phonetic characters (Hiragana) *I made the text easy
to understand *I researched online and by using reference books
*I drew a picture to make it easy to understand *I discussed with
friends *I reviewed the photos or the notes *Others ()

5) What reaction do you want from the 3rd-grade children who an-
swered your quizzes? (multiple choice)

**They should answer with interest *They should answer cor-
rectly *They should not answer correctly *They should remember
the knowledge *They should find the quiz difficult *They should not
be able to answer *They should find the quiz easy *They should be
able to read other reference books *They should be able to study well
in the museum *Whatever *Others ()

6) Are you satisfied with your quizzes? Why are you satisfied?

7) Did you find it difficult to create the quizzes for the 3rd-grade chil-
dren? Why did you think so?

8) Did you enjoy creating quizzes for the 3rd-grade children? Why did
you think so?
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titative and qualitative analysis of children’s engagement,
evaluation, and feedback.

The study utilized three kinds of questionnaires. Ta-
ble 1 shows the first questionnaire, which was administered
to the 3rd-grade children after they used the MMQ for the
first time (before they visited the museum). Table 2 is the
second questionnaire for the 3rd-grade children, which they
answered after they used the MMQ for the second time (af-
ter they had visited the museum). Table 3 shows the ques-
tionnaire administered to the 6th-grade children after they
created the quizzes. In addition to analyzing the question-
naires, we also interviewed the teachers to evaluate the ac-
tivities.

5. Results and Discussion

Zhou et al. [2] found that the 3rd-grade children were able
to operate the MMQ by themselves without any special as-
sistance and that the children had a high sense of enjoyment
and engagement. Furthermore, we figured out the reason
for their feelings by analyzing the responses to the ques-
tionnaire (comparing the responses to the first questionnaire
and the second questionnaire)T. Furthermore, the results of
the participant observations regarding the activities and the
interviews with the school teachers regarding the reflection
of the children’s learning were as follows.

A total of 42 3rd-grade children participated in both the
first time MMQ activity and the second time MMQ activity.
As some of the answers were considered invalid data, the
following data analysis was based on data collected from
35 3rd-grade children. Regarding the data of the 6th-grade
children, the results used data from 40 children.

5.1 Children’s Engagement and Usability of the MMQ

Okada examined the developmental changes in terms of mo-
tivation with regard to cooperative learning during child-
hood (from the 3rd to the 6th grade) over four years; growth
curve analyses revealed that intrinsic motivation decreased
with higher grades [13]. Okada also mentioned that educa-
tors should focus on the importance and pleasure of cooper-
ative work to motivate children’s cooperative work.

The responses to the question “Do you want to use the
MMQ again?” in both activities was more or less the same.
Almost all the children chose a positive choice. Two or three
children changed their answer from “Yes” to “Probably Yes”
and “Neither.” However, no negative responses were pro-
vided for this question (Fig. 2).

The 3rd-grade children were asked the same question
(“Was the MMQ difficult to use?”’) both during the first
MMQ activity and the second MMQ activity. More than
60% of the children answered, “Probably no” or “No.” Fig-
ure 3 shows that the number of children who selected “Prob-

"We used the data shown by Zhou et al. [2]; however, the fig-
ures were replotted as histograms because we wanted to know the
difference between the first class that answered the MMQ and the
second class that answered the MMQ.
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Fig.2  Histograms of responses to the question “Do you want to use the
MMQ again?”
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Fig.3  Histograms of responses to the question “Was the MMQ difficult
to use?”

ably yes” the first time decreased the second time. Dur-
ing the second round, a higher number of children selected
the “Probably no” and “No” responses compared to the first
round.

The difficulty of using the MMQ may have been re-
duced in the second activity. However, when the Wilcoxon
signed-rank test was carried out, no significant differences
were observed between the two groups.

One of the authors observed that the children seemed
to use the MMQ successfully without any apparent diffi-
culty in operating it. The vice principal said, “The atmo-
sphere of the class is different compared to what it is when
the higher-grade students use MMQ. Everybody looks very
happy. Maybe the lower grade children expressed their en-
joyment with more gestures. The visuals of the class of
3rd-grade children using the MMQ with high engagement
should be shown to the 6th-grade children. The 6th-grade
children will be happy.” For example, when the children
answered the quizzes correctly, they said “Yeah!” with a
victory pose.

The children used the MMQ smoothly; there were even
a few children who thought that the MMQ was difficult to
operate, but the more they used it, the more familiar they
became with the MMQ. Furthermore, in the case of the chil-
dren who felt that the MMQ was difficult to operate, it had
no negative effects on their engagement. Compared with the
previous research conducted among the 6th-grade children,
the 3rd grade children were more active with their gestures
compared to the older children.
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Fig.5 Histograms of responses to the question “Did you remember the
quizzes?”

5.2 Answer the Quizzes Using MMQ

5.2.1 The Result of the Questionnaire

For responses to the question “Were the quizzes difficult?,”
about half the children chose the “Yes” or “Probably yes”
option, and the other half chose the “No” or “Probably No”
option in the first round. Only two children selected “Nei-
ther,” but during the second time, about 15 children chose
“Neither.” Furthermore, the number of children who chose
the other choices decreased during the second time (Fig. 4).

The responses regarding the free description of the
children who selected “Neither” reveal some of the reasons
for this. “Even though I did not know the answer to the
quizzes, my classmate and I answered it together. It was
very good.” “It would be better if they could create some
quizzes on what I saw in the museum” “It is good that the
quizzes taught me what I did not notice” This showed that,
when the quizzes dealt with things that the children did not
see or did not notice in the museum, the children could not
provide a proper evaluation for whether the quizzes were
difficult.

Another important question was, “Did you remember
the quizzes?” Compared to the first time, the number of
children who chose “Yes” decreased during the second time.
There were also some children who chose “Probably No.”
This was related to the number of quizzes. There were 10
quizzes during the first time, and there were 40 quizzes dur-
ing the second time.

The results above show that all the children thought
that they would be able to remember the contents of the
quizzes and they would be able to evaluate the difficulty
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level as easy or difficult before they visited the museum.
Because they had the knowledge that the questions are refer-
ring to, they think that the quiz was easy. If they could not
answer, they would think the quizzes were difficult. How-
ever, after they visited the museum, some of the children had
no confidence in whether they could evaluate the quizzes as
easy or difficult because of the possibility that the contents
of the quizzes were not difficult or that they had not noticed
a particular exhibit in the museum that the quizzes are re-
ferring to. The children began to evaluate the quizzes based
on their experience of visiting the museum. We can see the
change in their evaluation of the quizzes before and after
they visited the museum. A kind of reflection after visiting
the museum is observable.

5.2.2 The Result of the Observation

Regarding the children’s use of the MMQ, observations
showed that, sometimes, the children answered the quizzes
and changed their choice according to their friend’s choice,
and sometimes, they stuck to their own choice.

One case was as follows. Three children used the
MMQ together, and one of them (a boy we will call X) chose
“B,” while the other two children (two girls we will call Y
and Z) chose “A” during the first time. However, Boy X
said, “I know this. It is B.” Girl Z said, “I think it is A.” Girl
Y showed some hesitation and changed her answer to “B.”
Two seconds later, she changed again and chose “C.” (Girl
Y said something, but we could not catch it because of the
vocal noise from the other children.) As a result, when A
was revealed to be the correct answer, these three children
(including girl Z) were very disappointed.

For the next question, Boy X read the question and
chose B, saying, “Absolutely B, it is ‘Canid’.” During the
same time, Girl Y chose “A,” and Girl Z chose “B.” After
2 seconds, Girl Y asked X and Z “Really?” and changed
her answer to “B.” When the correct answer was revealed to
be “B,” these three children looked very happy and talked
about it.

The abovementioned case showed that, even though
they could see the others’ answers, they also thought about
which one was correct and did not just follow the other chil-
dren’s answers. Girl Z stuck to her answer and tried to
lead the other children to choose the correct answer. Boy
X also chose the answer that he thought was correct. Girl Y
changed her answer during both rounds, but she also had her
own opinion because she did not just follow the other chil-
dren’s answer; rather, she ensured that they had no doubts
about their answers before she changed her choice.

The children’s conversations were observed when they
were using the MMQ. They talked to each other, and in the
abovementioned case, children taught each other which op-
tion was correct and tried to convince the other children re-
garding their choice. These kinds of conversations probably
would not have occurred if they were unable to see the other
children’s choices. In other words, showing everyone’s an-
swer gave the children the chance to talk about their answers
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Table4  The category of the 3rd-grade children’s free description
Engagement 26
Quiz-related Knowledge: Remember or Understand 17
Evaluation of the Quizzes 9
Museum 8
System(Multi-Mouse Quiz) 5
Collaboration 2

to each other. We also think that this action was a kind of
study activity in the children’s perspective.

Another point is related to the design of the MMQ. The
MMQ not only showed every user’s score but also showed
the collective score for all the users. This may be one of the
reasons why, even though Girl Z answered the first quiz cor-
rectly, she looked disappointed when the other children (X
and Y) answered it wrong. The children cared about other
children’s answers and wanted to get the correct answer to-
gether.

Although quantitative evaluation or more persuasive
evidence is our future work, from such observations, we
think that MMQ promoted the interaction between children,
encouraged active discussion and also gave an opportunity
to rethink about their answers.

5.3 Reflection through the Activities

After the 3rd-grade children finished providing their second
time MMQ answer, we asked the following: “8) Please write
your comments freely. (Free description).” While answer-
ing this was not mandatory, all the children wrote about
what they felt in their own words. Table 4 showed the re-
sults, which we categorized based on the children’s answers.
It was labeled by the author. Table 4 showed that the “En-
gagement” was mostly found in their feedback. Some ex-
ample comments were as follows: “I am very glad to attend
this activity.” “It was really lots of fun.” “I want to try this
again.”

The second rank was accorded to “Quiz-related Knowl-
edge: Remember or Understand.” Many children were satis-
fied in their answering of the quizzes and gained important
knowledge. “I am happy to know the types of leaves and
the types of elephants that I did not know”; “I am glad to
answer the quizzes about things I did not notice in the mu-
seum.”; “The quizzes were difficult, but I enjoyed it.”

The third rank was accorded to “Evaluation of the
Quizzes.” For example, one child wrote, “It was good be-
cause it was easy to understand, and sometimes, hints were
also provided with the quizzes.”

Many children’s opinions showed that they developed
an interest in the museum after this activity. Some children
wrote comments such as “I want to know more about the
museum” and “I want to go to the museum more than 3
times so that I can answer the difficult quizzes.”

Some of the feedback was related to the system: “It
is a great system, and it can let four people answer the
quizzes together” and “I like to click the choice to answer
the quizzes.” Furthermore, some children were satisfied
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with the collaborations: “I think it was good to answer the
quizzes that I did not know with my friends” and “I realized
the importance of collaboration for answering quizzes.”

Children’s engagement and motivation were also ob-
served in their free description. They enjoyed the activity
because it involved using the MMQ, gaining knowledge, or
collaborating with their friends.

5.4 Reflection in the Museum and in the Classroom

In the interview with one of the school teachers, she eval-
uated the activity, explaining that the first time activity is
useful for increasing children’s familiarity with the contents
of the museum. She heard that the children had discussed
the quizzes when they visited the museum. These results
were also reflected in the questionnaire. More than 90% of
the 3rd-grade children (who chose “Yes” or “Probably yes”)
answered that they remembered some quizzes that they had
completed before they visited the museum [2]. Not only
did the first-time activity have an effect on the children in
their next study but studying in the museum also affected
the children during the second time MMQ activity. One of
the authors observed that children made statements as fol-
lows when they answered the quizzes with the MMQ after
the visit of the museum: “I know this quiz; we saw it in the
corner (of the museum)” and “Is this that game (shown in
the museum)?”.

5.5 Reflection by Creating Quizzes and Evaluating the
Quizzes of 6th-Grade Children

5.5.1 Creating Quizzes

About 80% of children thought that creating a quiz for the
3rd-grade children was a difficult thing. The results of the
free description related the following: “It is hard to make
the question easy to understand for 3rd-grade children” and
“It is hard to make a quiz that can increase the knowledge
of 3rd-grade children and also help them understand quizzes
easily.”

The 6th-grade children felt that it would be difficult to
create quizzes for answerers who were younger than them;
thus, difficulty level was also a thing that they worried about.
This was also related to the results of the questionnaire. In
total, 22 children made the text easy to understand, and
10 children wrote the Japanese phonetic characters’ in the
quizzes.

5.5.2 Evaluating Quizzes
The 6th-grade children who created quizzes reflected

through their evaluation of the quizzes, and 60% of children
were satisfied with the created quizzes.

"Hiragana is a Japanese syllabary; it is learned in the first year
of elementary school. The younger children were more familiar
with it.
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Regarding the reasons for their satisfaction, some chil-
dren thought that their quizzes were good because they con-
sidered the answers when they created the quizzes: “The
quiz I created is useful for the 3rd-grade children,” “The
quiz I created is not too easy and not too difficult for the
3rd-grade children. It generates useful knowledge,” “My
quiz can increase knowledge that the 3rd-grade children did
not learn before,” and “I created quizzes that were easy to
understand for the 3rd-grade children.”

Some children were satisfied with their efforts. They
wrote statements such as the following: “By carefully con-
sidering the answer, I tried my best to create the quizzes,’
“I surfed the net perfectly,” “I surfed the net to confirm cer-
tain things of my interest,” “I checked the notes that I had
written when I went to the museum and confirmed whether
there were any mistakes or not,” “I wrote the commentary
for the quizzes,” and so on.

Some children experienced satisfaction because of the
difficulty, simplicity, or enjoyment of the quizzes: “I thought
that my quiz was very interesting when I read my quiz
again,” “The quiz I created is very easy to understand,” and
“I created a difficult quiz.”

Some children pointed out some drawbacks in their
quizzes, even though their evaluations of their quizzes were
great: “I am not sure whether the 3rd-grade children under-
stand the ‘the Chugoku regional,” so I should have explained
it more” and “The context may not have been right.”

Only 2 children were not satisfied with the quizzes they
had created. The reasons were pointed out as follows: “I am
not sure the answer is correct” and “I created my quizzes
with support from my friends (I did not create the quizzes
by myself).”

Nearly 30% of 6th-grade children evaluated their
quizzes with “Neither.” The reasons for this were many:
“Some quizzes are good, but creating the quizzes is diffi-
cult” Some children chose the “Neither” option because
they had no confidence about their quizzes: “I created the
quizzes without considering the need of the 3rd-grade chil-
dren.”

These results show that the 6th-grade children felt
that creating quizzes for younger children was a difficult
thing. However, most of the children were satisfied with
the quizzes that they created by themselves. The reasons
for this were that they cared about the fact that the answerer
was a younger child, so they made some efforts to make the
contents easier for the 3rd-grade children.

5.5.3 Engagement with Regard to Creating Quizzes

On the other hand, more than 80% of the children stated that
they enjoyed the activity. They also provided the reasons for
their enjoyment. Some children mentioned that they were
looking forward to the 3rd-grade children answering their
quizzes using the MMQ. They thought that the 3rd-grade
children would be happy to answer the quiz: “Because I
am looking forward to the 3rd-grade children answering the
quizzes happily” and “When I think this quiz will let the
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3rd-grade children increase their knowledge, I feel happy.”

There were also some children who wrote about their
enjoyment in relation to gaining knowledge: “Because it is
useful for studying by myself,” “Because I was able to find
out something that I did not know before,” “I investigated
the related knowledge using a computer,” “I gained new
knowledge while I was creating the quizzes,” “I gained new
knowledge,” and “I learned about some contents in more de-
tail by creating the quizzes.”

Some children stated in their evaluations that they had
enjoyed the collaborative learning: “I am glad to think about
the quizzes with my many friends” and “I talked about the
quizzes with my friends.”

The children reflected on the experience of creating
quizzes. By creating quizzes, they affirmed their efforts
in creating quizzes and increasing their knowledge. They
were satisfied that the 3rd-grade children could gain knowl-
edge by answering their quizzes, and they reflected on areas
where they felt inadequate.

The abovementioned data analysis of the 6th-grade
children’s free description showed various benefits associ-
ated with the use of MMQ. Many children stated in their
evaluations that they felt that creating quizzes would be a
difficult task, but they enjoyed it because they were looking
forward to the 3rd-grade children answering their quizzes
using the MMQ. One of the aims of this class design was
to motivate the 6th-grade students. Our experimental re-
sults demonstrated that the 6th-grade children had a strong
awareness of the 3rd-grade children and that they expected
to interact with them.

6. General Discussion
6.1 Children’s Behavior

This was the first time that we conducted classroom prac-
tice using the MMQ for 3rd-grade children. The 3rd-grade
children were able to operate the MMQ smoothly and did
not need others’ help [2]; similar results were found in the
previous studies (6th-grade children).

The MMQ aimed to support children’s collaborative
learning by engaging them in conversations with each other.
Through an analysis of the observation and interview re-
sults, we found some differences in the 3rd-grade children
compared to the higher grade children. That is, the 3rd-
grade children not only talked to their friends but also pre-
ferred to use body language to express their emotions; this
tendency made the whole class atmosphere very active when
they were using the MMQ.

The main benefit of the “sharing” feature of the MMQ
was that it allowed for sharing one screen, and conse-
quently, students could see each other’s answers; this, in
turn, prompted dialog among the students and encouraged
them to pay attention to the questions (activity such as read-
ing the questions aloud, reading the choice option, or self-
asserting the answers). This may have aided the children in
focusing on the question itself.
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6.2 The Reflections of the 3rd-Grade Children and the 6th-
Grade Children

The 3rd-grade children reflected on their learning in differ-
ent ways through the two MMQ classes. The first MMQ an-
swer class made children carry a task to visit the museum,
and it made them recall the quizzes when they were visiting
the museum. For the second MMQ answer class, the expe-
rience of visiting the museum was recalled when they an-
swered the quizzes. The 3rd-grade children reflected on the
quizzes when they were visiting the museum and reflected
on their museum learning in the second MMQ answer class.

It is reported that creating the quizzes had a positive
effect on students’ learning [14], [15]. One purpose of this
activity was to make the 6th-grade children consider the fact
that the answerers of the quizzes were younger than them.
3rd-grade children had less knowledge compared to the 6th-
grade children. Therefore, when they created the quizzes for
the 3rd-grade children, they wanted to choose easy words or
explanations that were easy to understand. Thus, they were
required to develop a better understanding of the knowledge
and use their own words to express it in their quizzes. Thus,
this could be a good educational method for helping children
gain a deeper understanding of the content and also to help
them memorize the knowledge.

The children who created the quizzes also reflected
on their learning in their own way. They paid attention to
the answerer. Concerning the reason for their satisfaction
and enjoyment, they felt happy because someone had an-
swered the quizzes they had created. They felt that their
quizzes were good because, when they were creating the
quizzes, they had considered the fact that the answerers were
younger in age. Therefore, we can say that the 6th-grade
children paid attention to the answerers when they created
the quizzes.

We investigated the reasons for children’s satisfaction.
Concerning the reasons for satisfaction, many children felt
satisfied because they had shown care toward the 3rd-grade
children when they were creating the quizzes. Further-
more, the children who chose the “neither” option stated that
they had been worried about whether the 3rd-grade children
could understand their quizzes.

The children expressed clearly in their own words that
what they studied provided a good reflection. For improv-
ing their quizzes, the children tried their own methods; some
children made the text easy to understand, and some chil-
dren reviewed the notes. Eventually, a good number of the
children felt satisfied with their quizzes.

7. Conclusion

Many elementary schools utilize social educational facilities
such as museums in their class design for the “period for in-
tegrated studies.” However, school teachers often face prob-
lems with regard to children’s learning reflection in these
activities. We studied collaborative quiz learning by using
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the MMQ model in a museum learning setting.

The school teachers evaluated this activity as success-
ful. That is, they felt that this activity helped all the children
to learn well through both quiz answering and quiz creation;
thus, both activities encouraged students to have a success-
ful reflection. We observed the following results:

1. MMQ encouraged the 3rd-grade children to use com-
munication to collaborate with each other. The 3rd-
grade children were more willing to use body language
to express their emotions while using the MMQ.

2. The MMQ learning model inspired the 3rd-grade chil-
dren to carry along a study task to the museum.

3. The MMQ learning classes were recalled when the 3rd-
grade children visited the museum. They reflected their
quiz-based learning (the first MMQ learning class)
when they visited the museum.

4. The 3rd-grade children reflected their museum-based
learning when they carried out the second MMQ learn-
ing class.

5. Creating quizzes for younger children, the 6th-grade
children reflected on evaluating the quizzes that they
had created and tried, in many ways, to create a good
quiz.

6. This activity helped teachers to turn the museum-based
learning from “play” into “study.”

As for future work, the authors aimed to utilize the
same class design in other schools to confirm children’s be-
havior and the reflection on study identified in this practice.
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