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SUMMARY

In recent years, handheld devices have been playing
an important role in children’s learning. How to utilize
mobile devices such as handheld devices to support col-
laborative learning has been an important research topic of
Computer-Supported Collaborative Learning (CSCL).
Educators in Japan are seeking an educational system struc-
ture that supports “integrated courses,” which have been
introduced due to the revision of National Curriculum
Standards. We focused on a museum as one of the appro-
priate locations where “integrated courses” are held and
constructed a system named Musex for supporting chil-
dren’s learning with two personal digital assistants (PDAs).
Musex provides children with opportunities to answer
questions related to exhibitions collaboratively. We per-
formed an experiment on Musex in a science museum and
discuss the results in this paper. © 2004 Wiley Periodicals,
Inc. Syst Comp Jpn, 35(14): 54–63, 2004; Published online
in Wiley InterScience (www.interscience.wiley.com). DOI
10.1002/scj.10696
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1. Introduction

As computer technology is commonly used in vari-
ous situations, computers and the Internet have also been
used in educational situations. In particular, some research

projects have been conducted in recent years to explore
practical application of handheld devices not just as per-
sonal information management tools, but as tools for sup-
porting children’s learning because they are less expensive,
easier to carry, and easier to handle than personal computers
[1, 2].

In Japan, due to the revision of National Curriculum
Standards, “integrated courses” have been introduced [9].
The goal of the courses is to tie together individual knowl-
edge of each subject that children obtained in classroom
lectures so that the knowledge can be applied in an inte-
grated manner. Schools have been required to provide chil-
dren with new methods of learning that differ from
traditional learning using textbooks or drill books. To ac-
complish this, many schools and teachers are turning their
attention to museums for providing a different learning
environment than schools.

A museum can provide an ideal learning environment
for “integrated courses” because it is an institution that
enables learning by actually viewing and touching exhibits
and performing educational activities not utilized in a
schooling framework. However, there are some points that
we believe need to be improved to sufficiently make prac-
tical use of a museum a learning environment. One problem
we noticed as a result of actually going to museums and
observing the circumstances involving children there was
that the exhibits end up being divided into those that the
children find interesting and pay attention to and those that
the children are not drawn to. An example of an exhibit that
children do not pay attention to is one that presents an
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explanation on a panel or video tape recorder (VTR). These
often are exhibits that only present information unilaterally
and do not allow any response from the child to the exhibit;
in other words, they are exhibits with poor interactivity.
Opinions expressed by museum staff indicated that they
believed it was unrealistic to make all of these exhibits into
highly interactive exhibits that children would pay attention
to because of the extremely high costs involved in installa-
tion and maintenance. However, we believe that these kinds
of exhibits, which also contain leading-edge topics and
explain them in plain words, are useful as learning materials
of “integrated courses” and must actively be put to practical
use.

We proposed a system which utilizes handheld de-
vices as one means of enhancing interactions with those
kinds of exhibits that have low interactivity. Supporting
collaborative activities with mobile devices is an important
research topic in the field of computer-supported coopera-
tive work (CSCW) [15]. However, systems using handheld
devices in museums often are personal guide systems that
can be used inside museums, and there has been practically
no research done using handheld devices in systems for
supporting collaborative learning in museums.

Therefore, we constructed a system named Musex
that is based on an orienteering game, which is an educa-
tional activity that traditionally has been performed in
elementary schools. Musex is used by a pair of users. When
each user visits an exhibit within the museum, a question
related to that exhibit is displayed on that user’s personal
digital assistant (PDA). In addition to giving the user an
opportunity to pay attention to the exhibit, this enables that
user to acquire a deeper understanding of the exhibit by
answering the question displayed on the PDA. Moreover,
by visually displaying the status of the paired partners on
the PDAs and enabling communications to be performed in
real time, we can expect learning to be accomplished while
the partners mutually collaborate with each other. In addi-
tion, to revisit their experience in the museum and learn for
further understanding, we provided a Web page that re-
flected the results of their answers to the questions.

The rest of this paper is organized as follows. Section
2 describes related research and indicates points of differ-
ence with our project. Section 3 shows the Musex system
configuration. Sections 4 and 5 describe the Musex experi-
ment that was performed in a museum and its results, and
Section 6 presents a discussion based on those results.
Section 7 gives conclusions and future topics of this re-
search.

2. Related Research

Various research projects have been conducted in
which handheld devices were used mainly in classrooms.

The CARDS project [3] proposed a computer-supported
learning system that used two types of handheld device
applications, and the WISE project [4] proposed a system
for supporting inquiry learning. Also, a system for provid-
ing a ubiquitous learning environment by using PDAs [5]
and a system for supporting children’s fieldwork by using
handheld devices as data collection tools [13] have been
constructed.

How to use highly mobile devices to support collabo-
rative learning continues to be an important research topic
of Computer-Supported Collaborative Learning (CSCL),
and several systems have also been proposed for providing
an environment for collaborative learning with handheld
devices. A system using a small device equipped with
communication functions called the Thinking Tag was con-
structed with the aim of understanding the infection process
of a contagious disease in a participatory simulation [6].
Use of the Thinking Tag’s peer-to-peer communication
functions gave rise to communication and cooperative work
between children. Although similar attempts have been
described in Geney [7] and Folk Computing [8], none of
these research projects aimed to support collaborative
learning in a museum.

Several systems that use handheld devices in muse-
ums have also been proposed. The earliest major research,
which was based on ubiquitous computing, was used as a
tour guide [10]. Other research included a project for inves-
tigating whether a ubiquitous system could enhance the
visitor’s experience [11] and a system that attempted to
increase the quality of the visitor’s experience by having
the visitor use an electronic guidebook on a handheld
device [12]. In these research projects, the handheld devices
were used mainly as tools for guiding visitors within the
museum or outdoors and not as tools for supporting col-
laborative learning, which is the objective of our research.

Several research projects for applying handheld de-
vices to CSCW in various locations and situations have also
been conducted [15, 16], and there has also been research
on systems intended for applications in museums. An ex-
ample of such a system is a portable audio guide system
called Sotto Voce. In Ref. 14, the authors discussed aware-
ness effects after analyzing users’ behavior when pairs of
visitors to a museum used this system. Our current research
differs from Sotto Voce in that our system aims to support
collaborative learning by children and increase awareness
through visual effects.

3. System Configuration

Figure 1 shows an overview of Musex. Musex was
devised based on orienteering, which is one of the educa-
tional activities that traditionally have been performed in
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elementary schools. Musex is used by a pair of users. Each
user carries a PDA and transceiver to explore the museum.

Figure 2 shows the main screen of the software run-
ning on the PDA. Musex provides 12 questions related to
exhibits. Each exhibit corresponds to one of the 12 square
panels shown in Fig. 2. At first, this screen is entirely
covered with white panels. When the children correctly
answer a question related to an exhibit, the white panel
corresponding to it is removed, and part of the hidden
photograph becomes visible. However, when a question is
answered incorrectly, the white panel corresponding to it
changes to a gray panel, and the relevant part of the photo-
graph will no longer be visible. A photograph related to a
certain exhibit is hidden beneath the 12 panels. When all
questions are answered, a final question is displayed at the
bottom of Fig. 2. The photograph hidden by the 12 panels
provides a hint for this question. The users search for the
related exhibit with the photograph hidden by the 12 panels
as a clue, and when they answer this final question, the use
of the system ends. For each answer to a question, either
the corresponding panel is removed and part of the photo-
graph becomes visible or the color of that panel changes.
As a result, the users are motivated to correctly answer as
many questions as possible while enjoying the sensation of
a game.

The panel status shown in Fig. 2 is shared between
the pair of users. In other words, if one user answers a
question correctly, the corresponding part of the photo-
graph also becomes visible on the screen of the other user’s
PDA. Conversely, if one user answers a question incor-
rectly, the corresponding panel also changes to gray on the
other user’s PDA. Although the photographs hidden under

the panels are related to the same exhibit, they differ at each
PDA. Also, a question that has already been answered by
one user cannot be answered again by the other user regard-
less of whether the question was answered correctly or
incorrectly.

This mechanism enables a user to know, for example,
whether the other user has answered a certain question
correctly or incorrectly according to the change in an indi-
vidual panel. Also, the speed at which the panels change
enables a user to know the speed at which the other user is
tackling the questions, or in other words, whether that user
is sequentially tackling the questions one after another or is
standing and thinking at a certain question. Therefore, the
12 panels shown in Fig. 2 support visual awareness between
the users, and we expect that the communication between
the users will be more active as a result.

The users may also use transceivers to cooperatively
answer the questions while consulting with each other. As
a result, we expect that various kinds of collaborative learn-
ing by the pair of users will be observed. Also, since
different photographs are displayed on the two PDAs in
relation to the final question, it is expected that the pair of
users will find it simpler to deduce the correct answer by
tackling the final question cooperatively such as by discuss-
ing the question while looking at each other’s photographs.
Therefore, it is expected that collaborative learning behav-
ior will also be observed in the final question.

Radio frequency identification (RFID) tags are pre-
viously installed on the exhibits in the museum. An ID is
uniquely assigned to each RFID tag to associate that tag
with an exhibit. An RFID tag reader is attached to the PDA,
and when the PDA is brought in close proximity to an RFID
tag, the PDA reads the ID of the exhibit from the RFID tag.
The PDA uses that ID as a key to query the server for a
question related to the corresponding exhibit and displays
the question and four choices on the PDA as shown at the
left side of Fig. 3. Children read the question and choices
and refer to the exhibit and accompanying explanation in
front of them to select the one choice they believe to be the

Fig. 1. System overview of Musex.

Fig. 2. Main screen of the PDAs.
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correct answer from among the four choices. The buttons
corresponding to the choices have been created to be some-
what large. The reason for this is to enable the children to
select a choice by touching it with their fingers, not by using
the stylus that is provided with the PDA.

When a user selects an answer, the PDA sends the
answer to the server via a wireless LAN and displays the
correct answer screen (middle of Fig. 3) if the answer is
correct or the incorrect answer screen (right side of Fig. 3)
if the answer is incorrect. Both the correct answer screen
and incorrect answer screen contain an explanation of the
question, and the user can review the question that was just
answered by reading the explanation at the exhibition site.

For each user, a history of the choices that the user
selected together with the unique ID that was assigned to
that user are stored on the database server. As a result, if a
user can no longer use the system because of a problem due
to an illegal operation, for example, by entering the user’s
ID in another PDA, the data related to that user can be
acquired from the database server to return to the state that
the system was in prior to the problem. Also, all data in the
database can be suitably managed from a Web browser.

In addition, a user’s answers to the question can be
reviewed at home via a Web page. This Web page contains
a photograph of the exhibit that was visited for each ques-
tion or a summary of its explanation as shown in Fig. 4, and
the user can review the question or learn for further under-
standing by reading this page.

4. Evaluation Experiment

We performed an experiment using Musex in the
National Museum of Emerging Science and Innovation
[18]. The experiment spanned a 3-day period that included
a holiday in November 2002. Before the experiment, we
discussed the design principles for questions related to the
exhibits with the museum staff. As a result, we decided that
(1) the level of the target audience should be elementary
school pupils (6 to 12 years old), (2) the exhibit must
contain the contents that the designer wants the pupils to
pay the most attention to, (3) the answer or a hint to the
answer must be hidden in the explanatory text that has been
installed together with the exhibit, and (4) the experiment
should target exhibits that visitors have not paid much
attention to and are exhibits that are useful as learning
materials for computer-supported learning. We prepared 13
questions for the experiment (12 corresponding to the pan-
els shown in Fig. 2 and 1 corresponding to the photograph
that was hidden under the panel). Below is an example of a
question that was used in the experiment and its explana-
tion.

Question: Which part of the brain is the most different
between the human brain and cat brain?

Choices: Cerebrum, midbrain, cerebellum, and di-
encephalon

Explanation: The correct answer is cerebrum. Let’s
look at the exhibit. If we compare the human and cat brains,
it is apparent that the human brain has developed intricately.

No order for answering the questions is specified.
Therefore, the children can freely visit an exhibit and
answer the question related to that exhibit. Also, since the
children can answer the questions at their own pace, no time
limit is assigned for answering each individual question.
Regarding the method of using the PDA, we decided that a
staff member should accompany the children and teach
them how to operate the PDA when the children answered
the first question. The only information given the children
at this time was related to operations for displaying a
question by placing the PDA close to an RFID tag and
operations performed when answering a question. No hint
related to the question was given at all. The method of using
the transceiver was also explained before the children began
using the system. We used digital video cameras to record
situations in which the children used the PDAs or transceiv-
ers. After the children finished using the system, we asked

Fig. 3. Screens displayed on the PDA (left: question
screen; center: correct answer screen; right: incorrect

answer screen).

Fig. 4. Web page related to an exhibition.
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them to answer questionnaires. We also issued an ID to each
user so that the user could reference his or her own answers
from a Web page.

5. Results

There were 50 participants (33 males, 17 females) in
the experiment comprising 25 pairs. Among these, 13 pairs
consisted of a parent and child and 12 pairs consisted of
siblings or friends. The participants were people who
learned about the experiment through posters or an-
nouncements after visiting the museum. None of them was
personally acquainted with the authors or the staff running
the experiment and they had no knowledge of the system.
Table 1 shows the age distribution of the participants.
Figure 5 shows situations involving participants during the
experiment. The Appendix presents a protocol description
of a situation in which a participant was working on a
question. In the experiment, we were able to watch situ-
ations in which the children actively observed the exhibit
in front of them and worked on the question. We also
received the following comments from museum volunteers
who participated as experiment support staff.

• I think the transceivers were useful because they
were used to exchange questions and answers
when a parent and child were separated.

• If this kind of system could be given to each group
of visitors, I think it would enable the visitors to
explore the museum freely without the children
pulling their parents around by the hand or the
parents worrying too much about their children.
Since the exhibit or field that a visitor has an
interest in differs according to the visitor’s age or
social environment, I think that this system would
enable the visitors to move about the museum at
their own pace.

Figures 6, 7, and 8 show results from tabulating the
questionnaires. Figures 6 and 7 indicate that Musex enabled

Table 1. Age distribution of the participants in the
experiment

Age Number of people

≤ 5 years old  4

6–9 years old 21

10–12 years old 10

13–24 years old  0

25–34 years old  3

35–44 years old  6

≥ 45 years old  6

Fig. 5. Musex in use.

Fig. 6. Questionnaire results (was Musex enjoyable?).

Fig. 7. Questionnaire results (did the questions
facilitate your learning?).

Fig. 8. Questionnaire results (was the PDA or
transceiver more enjoyable?).
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the children to learn about the exhibits while they were
enjoying themselves. Figure 8 indicates that the enjoyment
of the system was primarily due to the PDA.

6. Discussion

We investigated various characteristics related to
Musex based on users’ behavior observed during the experi-
ment. The following sections present discussions divided
into interactions between users and the system or users and
exhibits and interactions between the users themselves
based particularly on the children’s behavior. Another sec-
tion discusses improvements we believe should be made to
Musex.

6.1. Interactions between users and the system
or users and exhibits

First, this section presents various characteristics of
Musex by discussing the kinds of interactions users had
with the PDAs or the exhibits in front of them.

• Musex enabled users to view exhibits interactively
by using PDAs and presented opportunities that caused the
users to look at the exhibits: As shown in the Appendix, we
were able to observe a situation in which the child repeat-
edly looked back and forth between the exhibit and the PDA
while working on a question and a situation where the child
looked at the exhibit again after the question was finished
(Appendix 2:21 and 2:31). We believe that these situations
are due to the interactivity produced by Musex, and that
interactivity is involved in attracting the children’s attention
to the exhibits. In addition, it was apparent that the children
actively approached the exhibits to trace through the ex-
planatory text or figures with their fingers (Appendix 0:17,
2:14, and 2:31), and they were highly engaged with exhibits
that had poor interactivity. From the above, we can con-
clude that Musex had been able to present opportunities for
directing the children’s attention and further motivate the
children’s learning in a museum.

• We observed attitudes in which the children ac-
tively worked on the questions: Excluding situations in
which it was difficult to continue the questions because of
a problem with the PDA, no child quit early during the
experiment. Nearly every child actively tried to work on the
questions, and many even said they wanted to try again.
According to the questionnaire responses in Fig. 6, we can
conclude that the majority of the users had a positive
impression and that Musex is a system that is acceptable to
children. In addition, even when adults used the system, we
observed active participation in the questions similar to that
of the children.

• No children were confused about system opera-
tions: We observed no children who were confused about
the operation of placing the PDA close to the RFID tag or
the operations for answering the questions. We believe that
the operation of the PDA software could be easily learned
because we took into consideration that the Musex system
should be able to be operated as simply and intuitively as
possible.

• The Web page had been checked after the experi-
ment: After working on the questions in the museum, some
users also referred to the Web page at home. As a result, we
believe that solving the questions related to the exhibits in
the museum is a start that can support additional learning
after the child returns home through the combination of the
Musex system and a Web page.

6.2. Interactions between users

In this section, we discuss interactions between users
via the PDAs and transceivers.

• The team members allotted the questions to be
answered between themselves: A girl in one team used the
transceiver to tell her partner, “I got No. 5.” The partner who
heard this worked on a question other than No. 5, and the
two partners told each other which number question they
had found so that they could avoid searching for the same
question as much as possible. Also, in one pair of partici-
pants, a partner cooperated with the other partner to search
for other questions by looking at the PDA screen and
saying, “Since numbers 4, 7, and 10 are finished, we must
search for other questions.” Many participating pairs an-
swered the questions by skillfully allotting those questions
between the two members while looking at the status of the
photograph on the PDA screen and conversing using the
transceivers.

• The team members answered the final question by
cooperatively searching for the exhibit related to that ques-
tion: The final question is displayed on the PDA screen after
the initial 12 questions were answered. We observed situ-
ations in which every team cooperated by using the photo-
graphs displayed on the PDA screens as clues to search for
the exhibit related to the final question. Many teams either
got together and discussed how to proceed before beginning
to search or they searched separately while exchanging
appropriate communications over the transceivers and then
got together by notifying their partner if they found the
target exhibit. The correct answer for the final question was
also deduced through mutual discussion.

• When a child encountered a question they could
not understand, they asked their partner for help: When
pairs consisting of a child and their parent used Musex, we
observed situations in which the child used the transceiver
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to ask their parent for help when the text of a question
contained a kanji the child could not read or when the child
encountered a question that was too difficult to answer.
When the child still could not solve the question after a
certain amount of interchanges over the transceiver, the
child asked the parent to come to the child’s location and
then they worked on the question together.

• The partner’s situation could be known from the
PDA: For a pair consisting of two children, when the mother
of one child looked at the PDA screen and said, “Look,
Sayaka (the partner of this girl) has answered so many
questions,” the child pointed to the PDA screen and said, “I
also have answered so much!” The PDA screen shown in
Fig. 2 not only enables users to verify which questions they
answered themselves, but also which questions their part-
ners answered and whether or not the questions were an-
swered correctly. We observed that partners could know
each other’s status easily by using only the PDAs, not just
the transceivers, and they could use that status as a clue to
facilitate mutual communication. Therefore, we can con-
clude that Musex was able to support awareness through
visual effects using the PDAs.

Also, one pair had mistakenly thought that correctly
answering 6 questions (half of the 12 questions) faster
meant that they won. One child in that pair said, “I’ll win
with this question!” when answering the sixth question.
This kind of behavior can be considered to be providing an
opportunity for the children to look at exhibits, which
differs from the collaborative learning effect that the current
research aims to achieve.

6.3. Musex improvements

Through this experiment, we found the following
points that should be improved.

• Skipping explanations: As Fig. 3 shows, Musex
presents explanations for the questions as text. We noticed
that some of the children tended to not pay attention to those
explanations after they answered the questions. Since re-
viewing questions that the children answered themselves is
linked to an increase in the learning effect, we need another
means for attracting the children’s attention to explanations.
We believe that an effective method would be one that could
interactively present information related to the question as
the children manipulated the PDA instead of just presenting
text information once on the PDA screen.

• Only one user can answer each question: In Musex,
a user cannot answer a question that the other user an-
swered. As a result, we observed cases in which users did
not pay attention to exhibits corresponding to questions
they could not answer. To solve this problem, we must
improve Musex so that both users can pay attention to all

exhibits either by enabling the user who has not answered
the question yet to answer it or to enable that user to display
the question contents even if they cannot answer it.

• Some children were uneasy with kanji: Particu-
larly among younger children, we observed situations in
which the children were at a loss because they had difficulty
reading kanji in the exhibit or in the question text and
choices displayed on the PDA screen. To solve this prob-
lem, we considered attaching furigana to the question.
However, in the experiment, even children who could not
read many kanji worked on the questions by asking their
parent or a staff member for the readings of the kanji. As a
result, we can conclude that situations in which children
actively answered questions while asking for peripheral
assistance even when this felt difficult corresponded to
behavior that indicated extreme interest, which was ob-
served through the use of Musex.

• The PDA response time was too slow at times:
When the PDA was placed near an RFID tag installed near
an exhibit or when a choice button was pressed, it some-
times took too long for the screen to switch on the PDA. In
this case, we observed situations in which the children
thought that their own operations had been wrong and they
seemed confused. To solve this kind of problem, we con-
sidered displaying a dialog until the screen switched, for
example, to clarify that there was no problem and that
processing was being performed.

• Some children could not use the transceiver skill-
fully: Before having a child participate in the experiment,
we explained the methods of using the PDA and the trans-
ceiver to them. Although every child understood how to use
the PDA, several children could not carry on a conversation
by using the transceiver. We believe that one reason for this
was that it was difficult to carry on a conversation using a
half-duplex transceiver. However, even in these cases, we
observed situations in which the children worked on the
questions cooperatively since they were able to know their
partner’s status through the PDA.

7. Conclusions

In this paper, we described a system named Musex
for supporting collaborative learning in a museum. Through
evaluation experiments in a science museum, we verified
the effectiveness of providing children with an opportunity
to focus on exhibits that they normally would not pay much
attention to, which was the original objective. We were also
able to conclude that the system was effective in terms of
increasing the children’s motivation to learn since it
adopted elements of orienteering to enable the children to
visit exhibits with the sensation of playing a game. In
addition, the results concerning the children’s behavior in
regard to the questions together with the effects concerning
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the behavior of paired users showed that Musex was able
to support interaction or awareness between the children
themselves, not just interaction between the children and
the exhibits, through the visualization on the PDAs.

The experiments also clarified some points that need
improvement. Currently, we are investigating means of
dealing with such shortcomings as the children skipping the
explanations displayed on the PDAs or questions being
presented that could not be answered and were not paid
attention to because the children had allotted the questions.

We also think that this system can be applied to a large
number of people such as all of the visitors to the museum.
In this case, in addition to techniques like those proposed
in this paper, we would need mechanisms for eliminating
barriers to interactions between children who are meeting
for the first time in order to stimulate learning between the
children. Although we considered forming communities
targeting all museum visitors [17], for example, it is neces-
sary to promote learning activities for children, not just take
communities of children who are acquainted, in order to
implement collaborative learning between children. To ac-
complish this, we believe that in addition to forming com-
munities, it is necessary to investigate such questions as
how we can establish (learning) goals that are common to
those of other visitors.

It was also apparent that there was a desire for the
museum staff to have more opportunities to communicate
with visitors so that the visitors could have a deeper under-
standing of the exhibits. We believe that explanations by the
museum staff are extremely effective in supporting chil-
dren’s learning because they supplement the explanations
of the exhibits that are already established and they present
the contents in plain words. Therefore, we can conclude that
a system that supports interaction between the museum
staff and the children would be effective. For example, we
are considering including a function in Musex that would
enable the children to directly ask the museum staff ques-
tions related to the contents of the questions or explanations
displayed on the PDAs or related to the exhibits.
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APPENDIX

Example of an Utterance Protocol during the
Use of Musex

0:00 Presses the PDA against the tag. A question is
displayed on the PDA. “...where does the .... flow to through
the heart?” (reads question text).

0:09 “where it goes?” Looks at the explanatory panel
in front of him.

0:17 Traces with his finger through the explanation
written on the explanatory panel.

0:28 Stops tracing through the explanation with his
finger. Looks at the picture of the human body drawn to the
right of the explanatory panel.

0:36 Looks at the PDA screen. Continues to pay close
attention to the PDA screen.

1:03 Stops looking at the PDA screen. Moves to the
right side of the exhibit. After moving, reads the explanation
written on the explanatory panel.

1:31 Operates the demonstration ventricular assist
device.

1:37 Observes the water that represents the blood
moving as the ventricular assist device operates. “Ah, this
is the heart. It’s beating.”

1:42 Looks at the PDA screen again. His hand keeps
operating the ventricular assist device. 

1:51 “...the ventricular assist device, where does the
... pass through...” (rereads the question text).

2:00 Moves in front of the explanatory panel to the
left of the ventricular assist device.

2:14 Traces with his finger through the exhibit’s
picture of the heart.

2:17 “This is it.” Presses an answer button on the
PDA.

2:19 The response for an incorrect answer is dis-
played on the PDA.

2:21 Looks at the explanatory panel in front of him.
Looks back and forth between the PDA and the explanatory
panel several times.

2:31 “Ah, this is it. This is from the left auricle.”
Traces with his finger from the left auricle toward the
ventricular assist device on the part of the picture related to
the ventricular assist device that is drawn on the explanatory
panel.

2:38 Leaves the area in front of the exhibit.
Notes: The following symbols were used in the pro-

tocol above.
“ ”: Utterance
...: Indicates that something was being said even

though we could not hear it because of ambient noise
, (comma): Indicates a pause of less than 1.0 second

during a single utterance
. (period): Indicates a falling intonation at the end of

a word
?: Indicates a rising intonation at the end of a word as

in a question
( ): Supplemental explanation related to the utterance
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