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Abstract
Modern-day museums employ technologically advanced methods and equipment to facilitate the dissemination
of information and education of their visitors. Such a system is installed at the Leventis Municipal Museum in
Nicosia. An interactive application that runs on a multi-touch table allows the user to navigate through a 3D
representation of the fortifications of Nicosia in different historical periods. In this paper, we assess the visitors’
experience and learning performance/effectiveness using this system. We compare the results with those achieved
using a traditional method, which is by studying printed maps exhibited at the same museum. We performed this
comparison with a user study, involving two groups of children, each using one of the two different methods.
Results show that users enjoy using the system and that their learning performance is much higher than that of
the traditional method.

Categories and Subject Descriptors (according to ACM CCS): I.3.3 [Computer Graphics]: Picture/Image
Generation—Line and curve generation

1. Introduction

Traditionally, museums conveyed information to their visi-
tors through the exhibit of real objects. During the last cou-
ple of decades, a new trend is adopted by modern muse-
ums; to employ technologically advanced systems for that
purpose. These systems can be separated in two categories;
those accessible from remote visitors, through online mul-
timedia or VR systems and those systems that are located
within the physical space of a museum.

In the first category we have virtual museums, which ex-
tend the physical museums in a variety of ways [BH05].
Focusing on 3D representations, a virtual museum may be
a digital depiction of the existing museum and its exhibits
[PCS∗08], [KAC08], or it might include a combination of
objects existing in several museums, while in some cases the
3D objects that have been modeled are based on description
of historical documents [GCR01]. This category of systems,
aims to convey information and knowledge that can be found
at the museums, to virtual visitors, that are not able to visit
physically the museum.

Systems in the second category, that are located within the

museum, aim to attract more visitors at the physical space of
the museum. They provide modern ways of learning while
increasing the satisfaction of museum’s visitors. They allow
the virtual interactivity of the user with a 3D representa-
tion of objects or the tour within virtual worlds. This cate-
gory includes applications that run on VR systems [Rou01],
Augmented Reality systems [WWWC04], haptics displays
[LTF∗04], multi-touch tables [AC09], [Gel06], etc. Virtual
worlds combine in a great extent entertainment and educa-
tion/training.

Several studies have examined such systems for their
learning strengths and affordances. Issues such as the learn-
ers’ engagement and motivation, as well as the increase of
learning performance and retention of knowledge have been
investigated [AW06], [Nij00], [Hut07]. Evaluation of such
systems [TVZ∗05], [KSW06], [CIR04] is another main re-
search issue, since they are used by users with a great di-
versity in their profiles. In this work, we evaluate an inter-
active 3D application that runs on a multi-touch table lo-
cated within a museum in Nicosia, the installation is called
"the Walls of Nicosia". The evaluation of this application is
focused on learning performance and user experience. The
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following section presents the application under evaluation.
Section 3 analyses the method of this study, followed by data
analysis and results. This paper ends with the discussion of
findings and conclusions.

2. The Walls of Nicosia

Figure 1: The touch-table running the "The Walls of
Nicosia" application.

The installation "The Walls of Nicosia" [AC09] is an in-
teractive application that allows the user to have a virtual
tour through the fortifications of Nicosia across the cen-
turies. The application runs on a multi-touch table (see Fig-
ure 1) which allows for a more natural interaction. Three-
dimensional models of the fortifications of the city as well as
the most important landmarks, are demonstrated for five his-
torical periods: pre-Roman (villages with no fortification),
Roman castle, Byzantine castle, Lusignan Walls and Vene-
tian Walls. Images of these periods can be seen in Figure 2.

The users can navigate through time with the help of a
menu that appears on the top of the screen of the table. They
can then interact and study the 3D models of the histori-
cal period they choose using intuitive gestures. The users
are able to zoom in/out, pan and tilt the virtual camera. A
helping menu exists on the interface of the application, de-
scribing how each of these operations can be performed. A
compass, on the top-right corner of the interface, assists the
users with orientation. Traditional music is played for each
historical period, in order to immerse the user.

The multi-touch table hardware is based on back projec-
tion. A projector, connected with the host computer resides
inside the table. The final image on the top surface is pro-
duced with the use of a mirror that reflects the projector im-
age. This technique is used in order to virtually increase the
space within the table and allow us to use a standard DLP
project (not a short throw one). The gestures of the user’s
fingers are tracked using infrared light. For this purpose,
they have been used 300 LEDs and a camera with a filter

for capturing mainly infrared light - all placed inside the ta-
ble. LEDs emit light towards the table surface. When a user
touches the surface the infrared light is reflected back and
the infrared camera captures that light. Each frame that is
captured by the camera is processed in order to detect the
position of the user’s fingers on the screen.

3. Method

3.1. Research design

This study aimed at assessing users’ experience with the
"Walls of Nicosia" and evaluating learning performance. Ac-
cordingly we created two different types of classes: (a) a tra-
ditional one (control group) where children took a guided
tour throughout the museum and learned about the walls of
Nicosia through printed maps exhibited at the museum and
(b) the virtual class where children interacted with the ap-
plication "The Walls of Nicosia". The two different classes
were based on the same learning content and learning ob-
jectives and both of them were located in the same place,
the Leventis Museum. Teachers of both groups provided to
students the same information for the walls, following the
same structure for the teaching material, using the two dif-
ferent ways. The study investigated the following research
questions:

1. Are there any differences in Learning Performance be-
tween students of the traditional group and the virtual
group?

2. Are there any differences in the User Experience between
students of the traditional group and the virtual group?

3.2. Participants

The participants for the study were randomly selected from
a list of elementary schools in Nicosia. In total 17 children
(9 girls and 8 boys) participated in this study from the Ele-
mentary School of Ayios Dometios C’. The children attend
the 5th year class at elementary school.

3.3. Data collection and procedure

Both quantitative and qualitative data were collected. Two
questionnaires were developed:

1. A pre-test questionnaire containing two parts, one part for
collecting demographic information (age, gender, year at
school) and the second part for evaluating learning per-
formance, i.e. a knowledge test regarding the walls of
Nicosia.

2. A post-test questionnaire containing two parts, one part
for assessing the user experience and the second part for
evaluating learning performance.

The knowledge test as included in the pre-test and the
post-test questionnaire was the same. The knowledge test
contained 10 multiple-choice questions on issues related
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Figure 2: The five images are representatives of the five periods depicted in the application. From top left we see: the unfortified
pre-Roman settlements near the Pediaios River, the single settlement around the Roman Castle that sat at the centre of what
later became the walled city, the Byzantine period where the old castle is replaced by a church and a new castle is built on
the edge of town, the Lusignan fortifications that enclosed the whole city and strengthened the Byzantine castle, and finally the
Venetian walls which were build during the 15th century and still stand today. The later walls were smaller than the Lusignan
ones, thus some parts of the city had to be demolished during their construction.

with the walls of Nicosia as the learning content and the
learning objectives of both classes indicated. Representative
examples of questions that included in the test are given be-
low:

1. What was the purpose of the walls?

a. fortification of the city
b. definition of the city’s borders
c. facilitating trade

2. How many are the gates of the walls?

a. two

b. three
c. four

This test was developed by the research team and its valid-
ity was assessed by two experienced teachers who were re-
sponsible for conducting the tour. We should note that users
in this study were children from 10 to 11 years old. There-
fore in order to assess user experience we employed the
Smileyometer, which is a tool contained in the FunToolkit.
The latter is a well-known and validated tool for assessing
user experience with technology when the users are chil-
dren [Rea08]. Additionally qualitative data were captured by
observing the students of both classes.
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Figure 3: Students answering the pre-test questionnaire (left) and the post-test questionnaire (right).

Figure 4: Students of the virtual group interacting with the system (left) and students of the traditional group looking at the
maps (right).

As far as concerns the procedure of the experimental set-
ting, the 17 students that participated in the study were ran-
domly assigned to one of two groups: the traditional group
(control group) and the virtual group. We should mention
that none of the students had ever been taught anything about
the walls of Nicosia before. In addition as pointed out in
section 3.1, both interventions (traditional class and virtual
class) were based on the same learning content and learn-
ing objectives. Therefore we can assume that any differences
in the learning performance and user experience can be at-
tributed to the different type of classes (i.e. the two different
interventions). Before starting the tour, students from both
classes completed the questionnaire with demographic infor-
mation (gender, age and year at school) and the knowledge
test, Figure 3 (left). After that the tour began in parallel for
the two classes. One researcher was present at each class.
The traditional group entered the room with maps. Maps of
the walls of Nicosia from different chronological periods are
exhibited in this room. The teacher talked to the students
about the fortifications showing to them the corresponding
information on the maps, Figure 4 (right).

The touch table running the application was set up in
a separate room. Students entered the room and a short
introduction about the system followed by the researcher.
Then the teacher talked to the students about the Walls. The
teacher of this tour was interacting with the application while
she was talking to the students, and she was showing the cor-
responding information for the walls on the system, Figure
4 (left).

Teaching in both classes was interactive. The teachers
asked students several questions about the walls (e.g. their
shape, extend etc). The students were requested to find the
answers by studying the maps for the traditional group or
by interacting with the system for the virtual tour. The re-
searcher that observed the virtual group noted that it was
clear that students were able to answer the teacher’s ques-
tions easily and in a short time while the researcher that ob-
served the traditional tour stated that students were not able
to answer all the questions. In those cases the correct answer
was given by the teacher. The session for both classes last
about 15 minutes.
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Intervention N Mean Std. Deviation t Sig. (2-tailed)
Pre-test knowledge score Virtual group 8 2,500 0,9258 -2,407 0,029

Traditional group 9 3,556 0,8819

Table 1: Pre-test learning performance differences.

Intervention N Mean Std. Deviation t Sig. (2-tailed)
Post-test knowledge score Virtual group 8 8,250 0,7071 2,495 0,032

Traditional group 9 6,333 2,1794

Table 2: Post-test learning performance differences.

After each session students were given around 20 minutes
in order to complete the post-test questionnaire by filling out
the Smileyometer and the knowledge test, Figure 3 (right).

4. Data analysis and results

This study investigates a) whether there is a difference in
learning performance between the students of the two differ-
ent groups and b) whether there is a difference in user ex-
perience between the students of the two different groups.
The answered knowledge tests were scored by counting
the number of correct answers given by each student. Re-
garding the differences in learning performance and for the
pre-test phase independent samples T-test was employed in
order to compare learning performance between the two
classes. Significance level was set at 0.05 for all the analy-
ses performed. T- test analysis revealed statistical significant
differences [(t15) =-2.407, p=.029] between the traditional
group (M=3.55, SD=0.88) and the virtual group (M=2.5,
SD=0.92). This finding shows that traditional group per-
formed significantly higher at the pre-test knowledge ques-
tionnaire (Table 1).

For the post-test phase independent samples T-test was
employed in order to compare learning performance be-
tween the two classes. The analysis revealed statistical sig-
nificant differences [(t15)=2.371, p=.032] between the tra-
ditional group (M=6.33, SD=2.17) and the virtual group
(M=8.25, SD=0.70). This finding shows that virtual group
performed much higher at the post-test knowledge question-
naire (Table 2).

We further investigated whether the change in learning
performance within each group across the pre-test and the
post-test phase. Two paired-samples t-test were performed.
In both groups there were found significant changes in learn-
ing performance (Table 3). In the traditional group there
was a significant increase in learning performance from
pre-test (M=3.56, SD=0.882) to post-test phase (M=6.33,
SD=2.179), t(8)=3.656, p=0.006). Mean increase in learning
performance was 2.77. In the virtual group there was a much
higher significant increase in learning performance from
pre-test (M=2.50, SD=0.926) to post-test phase (M=8.25,

SD=0.707), t(7)=12.689, p=0.000). Mean increase in learn-
ing performance was 5.75 (Table 3).

We move on with the analysis of the second research
question which is about the user experience. Independent
samples T-test was also employed in order to compare user
experience between the two classes. The analysis showed
statistical significant differences [(t15)=2.800, p=.023] be-
tween the traditional group (M=4.22, SD=0.83) and the vir-
tual group (M=5.00, SD=0.0). It is evident that students from
both classes reported high levels of user experience, however
findings from this analysis shows that virtual group reported
user experience at significantly higher levels (Table 4).

In order to control other variables for possible effects on
the results, additional test were performed. In more details,
we tested whether gender had a significant impact on learn-
ing performance and user experience. No statistical signifi-
cant differences were found for learning performance as for
the pre-test [(t15)=0.243, p=0.812] and the post-test [(t15)=-
1.912, p=0.075]. No statistical significant differences were
found for user experience [(t15)=-0.470, p=0.645].

5. Discussion and conclusions

This study evaluates the use of an interactive 3D virtual
world that runs on a multi-touch table. The "Walls of
Nicosia" is installed and used in the Leventis Municipal Mu-
seum in Nicosia, Cyprus. The main research goal was to in-
vestigate whether there are differences in learning perfor-
mance when interacting with the virtual world and to eval-
uate user experiences with it. Students from a Nicosia el-
ementary school, aged 10-11 participated in the study. We
created two different types of classes (interventions): a tra-
ditional one (control group) where students took a guided
tour throughout the museum and learned about the walls of
Nicosia through printed maps exhibited at the museum and
the virtual class where students interacted with the applica-
tion "The Walls of Nicosia". The two classes were based on
the same learning content and learning objectives.

A multiple choice knowledge test was developed in or-
der to assess learning performance and the "Smileyometer"
tool was employed in order to evaluate user experience. This
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Paired Differences
Mean N Std. Deviation Mean t Sig. (2-tailed)

Traditional Group Pre-test learning performance 3,56 9 0,882 2,77 3,656 0,006
Post-test learning performance 6,33 9 2,179

Paired Differences
Mean N Std. Deviation Mean t Sig. (2-tailed)

Virtual group Pre-test learning performance 2,50 8 0,926 5,75 12,689 0,000
Post-test learning performance 8,25 8 0,707

Table 3: Paired-samples t-test for learning performance.

Intervention N Mean Std. Deviation t Sig. (2-tailed)
User Experience Virtual group 8 5,00 0,000 2,800 0,023

Traditional group 9 4,22 0,833

Table 4: User experience between the students of the two groups.

tool has been developed by [Rea08] specifically for assess-
ing user experience when users are children and has been
validated in several studies.

Data analyses revealed significant differences in both
learning performance and user experience between the stu-
dents of the two groups. Although students from the tradi-
tional group performed better at the pre-test knowledge test,
after the completion of the experiment students from vir-
tual group performed much higher in terms of learning on
the walls of Nicosia. The use of the virtual world was very
effective in terms of learning performance. This contrasts
with findings of [WR10] whose evaluation of E-Junior did
not reveal any statistically significant differences in learn-
ing performance between the traditional and virtual group in
their study. The superiority of the virtual world application
in terms of learning effectiveness is confirmed though by
other studies, which investigate similar technologies (such
as games, 3D virtual worlds, etc.) [KG07] [Pap09]. More-
over no significant gender differences were found on learn-
ing performance and user experience, which is confirmed by
some studies [KG07] [Pap09] and contrasts the findings of
other studies [JUKY99] [YU99].

In addition students from the virtual group were thrilled
with their experience, which has been rated at significantly
higher levels. They were active, raising their own questions
to the teacher, while the students of the traditional group
were passively listening to the teacher. Students from the
virtual group seemed more enthusiastic, engaged and they
expressed a greater intention to visit the museum and use
the "Walls of Nicosia" again. Such findings are confirmed
by other studies as well [WR10] and they are considered as
crucial for the enhancement of the learning process. This has
greater implications for museum contemporary technologies
whose learning aspect is very strong and a critical success
factor.

This study has also some limitations. One certain limita-

tion is the knowledge test we created which was quite short
and focused on factual knowledge and short-term retention.
In a future study a longer-term retention of knowledge and
other types of knowledge (other than simple concepts and
mere facts) can be evaluated. In addition a future study can
investigate the association between motivation to learn as-
pects and user experience. Another important issue that a
future study can pursue is the deeper investigation of the im-
pact that individual learner characteristics (such as specific
learning and cognitive styles) may have.

In conclusion, this study demonstrated that systems such
as 3D virtual worlds, multi-touch interactive tables and so
on, can provide a great user experience to the visitors of mu-
seums (in this case children), to further motivate them and
help them at the same time to entertain themselves and learn
effectively.
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