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Abstract. In this paper, we describe a usability evaluation study of a system
involving PDAs, designed to be used in a traditional historical/ cultural mu-
seum. The system permits collaboration of small groups of museum visitors
through mobile handheld devices. The key characteristics of the system are de-
scribed first, which include a server and a client component and a tool that
permits authoring of new activities. The usability evaluation study that in-
volved typical users revealed some of the limitations of the design. The re-
ported findings can be of use to practitioners interested in following similar ap-
proaches relating to evaluation of mobile technology.

1 Introduction

This paper discusses our experience with designing and evaluating collaborative
learning activities in a Museum, using handheld devices (PDAS).

Usability evaluation of mobile systems is a new area of research (Kjeldskov and
Stage, 2004). There are not yet clearly defined techniques and methodologies to con-
duct usability evaluation studies for such systems. In mobile systems the context and
the surroundings as well as the other people around play an important role making
this way the evaluation process extremely difficult. Taking these considerations into
account for usability evaluation of mobile systems we need to use extensivelly field
based studies. There are three fundamental difficulties reported in literature
(Kjeldskov and Stage, 2004) regarding field studies: (a) it is complicated to establish
realistic studies that capture key situations, (b) it is very difficult to apply evaluation
techniques such as observation and think aloud, (c) the data collection is far more
complicated and the control over the environment is very limited.

On the other hand the laboratory based evaluation studies significantly reduce
these problems. But in this case there is the disadvantage of the lack of realism. There
are approaches that try to recreate or to simulate the real context of use in the labora-
tory, though some times it is very difficult or quite impossible to recreate realistically
the context and the surroundings.
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Kjeldskov and Stage (2004) proposed a set of new techniques for evaluating the
usability of mobile systems that are focused on (a) the different ways the user is mov-
ing and the attention needed to navigate as well as the notion of divided attention.

Our case study concerned usability evaluation of a mobile application designed for
a traditional historical and cultural museum. The usability evaluation technique is
laboratory based of activities of typical users with a considerable degree of realism.

The application prototype under evaluation is also described in this paper. Its ob-
jective is to augment interaction with the museum through a mystery play that stimu-
lates children’s’ imagination. The plot involves a number of puzzles that relate to the
exhibits of the Museum and their solution brings rewards to the players. These puz-
zles, the most typical examples of which involve images of certain exhibits and scrab-
bled verses from manuscripts of the Museum, necessitate collaboration for their solu-
tion, as the necessary pieces are spread in the mobile devices of the members of the
group. The aim of the activity is to mix the real and the virtual world and to make
children work together in a collaborative way in this setting. The application shares
many characteristics with other Museum based mobile systems (Raptis et al. 2005).

In the rest of the paper we first present an overview of usability evaluation tech-
nology and then we discuss the design and the architecture of the developed system.
We describe next the usability evaluation study of the system and finally outline con-
clusions we have drawn from both the development and the evaluation phases.

2 Usability Evaluation of mobile applications

Software usability has been the subject of many international standards, directives
and theoretical and empirical research during the last years. At the same time many
practical techniques for measuring usability have been proposed to be introduced in
the interactive software development life-cycle (Dix et al, 2004, Schneiderman 2003,
Avouris 2001, etc.).

Usability was originally related with making systems easy to use and easy to learn,
as well as supporting the users during their interaction with computer equipment,
There have been however many attempts to relate the term to more attributes and
metrics. According to ISO 9241-11 standard Usability is defined as the "extend to
which a product can be used with effectiveness, efficiency and satisfaction in a speci-
fied context of use” (ISO 9241). The attributes which a product requires for usability
depend on the nature of the user, task and environment. A product has therefore no
intrinsic usability, only a capability to be used in a particular context. So usability
cannot be assessed by studying a product in isolation.

There are three potential ways in which the usability of a software product could
be measured, according to (ISO 9241):

(a) By analysis of the features of the product, required for a particular context of
use. Usability could be measured by assessing the product features required in a par-
ticular context. However 1SO 9241 only gives partial guidance. Of the many poten-
tial design solutions compatible with 1SO 9241, some will be more usable than others.

(b) By analysis of the process of interaction. Usability could be measured by mod-
eling the interaction between a user carrying out a task with a product. However,



current analytic approaches do not give very precise estimates of usability. As the
interaction is a dynamic process in the human brain, it cannot be studied directly.

(c) By analyzing the effectiveness and efficiency, which results from use of the
product in a particular context, and measuring the satisfaction of the users of the
product. These are direct measures of the attributes of usability.

So, in general, techniques to measure usability-related factors include (i) inspec-
tion methods, (ii) testing methods and (iii) inquiry methods.

For systems including mobile devices, a combination of these techniques is often
used. In a survey of evaluation studies involving mobile technology, 71% of the stud-
ies have been performed through laboratory experiments, which revealed a tendency
towards building systems based on trial and error and evaluating systems in con-
trolled environments at the expense of studying real use of systems. As a result the
question of what is useful and what is perceived problematic from a user perspective
has not been adequately addressed (Kjeldskov and Graham, 2003). Traditional usabil-
ity evaluation techniques can hardly be applied in this context as heuristics have not
been defined and there is not enough collective background experience from user
studies, as the technology is in continuous evolution. In the study discussed in this
paper, we apply a process testing method with participation of typical users. Analysis
of the collected observations of the evaluation study is performed using an ethno-
graphic tool that permits mixing of multiple sources of observational data, necessary
requirement in evaluation studies involving mobile technology, when the users move
in physical space and are difficult to track. In the next section we provide a brief
description of the system before discussing the evaluation study.

<event>
<time>19 : 43 : 05</time>
<time2>00 : 15 : 24</time2>
<user>PDA 2</user>
<action>15.-G2.-Send image</action>
<attribute>PDA receiver (number 1).

Message :Xen_9\Xenopoulos6.jpg </attribute>

<typology />
<comments />
<added_by_user>false</added_by_user>
<id_event>48</id_event>

</event>

Figure 1 — An event of the logfile

3 The Museum Mobile Application

The Museum system under evaluation is based on a client — server architecture. A
description of the environment is included in (Simarro Cabrera et al. 2005).

An important characteristic of the application is that the server produces a central-
ized log file (in XML format) of the actions that take place during the visit and op-
tionally this log file can be combined with video recording of the visit allowing
evaluation of the activity during the visit. The format used in this logfile is that de-
fined in the context of the Collaboration Analysis Tool (ColAT), see Avouris et al.




(2004). This feature has permitted using this tool in the analysis of the collected data,
as discussed in the following section. In figure 1 an event as collected by the logfile is
shown. This event concerns request for exchange of a piece of a puzzle by one user
(PDA2) to another user (PDAL).

The client front-end (see fig.2) includes an interface through which the user can
obtain information about the rooms in the museum, synchronization functionality for
the code of the puzzles as well as for the content used by them. Synchronizing the
games automatically allows easy management of the system having to produce the
desired update only in one place and the system propagating it automatically on all
clients upon first connection.

The clients are very light, in order to save the scarce resources of the PDA. The da-
tabase access is done via the server that acts as a proxy for cases that the client itself
could have been fetching information from the database — this approach offloads
some more the client and also has some management benefits with respect to the fact
that there is no need to transport over the wireless network the login credentials for
the database server and there is no overhead in the settings of the client.

The server supports virtually any number of connected clients being limited only
by the hardware and the operating system resources. At every new client connection
it spawns a new thread that is in charge with communicating with the specific client
connected.
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Figure 2 — PDA screens of two of the group members during the image puzzle game

Next we discuss more specifically the characteristics of the two puzzles imple-
mented: the text and image descramble games. Typical client environment for these
games is shown in figure 2.

The text Game*s goal is to compose correctly a manuscript out of fragments of
text. Each group member receives different verses of a poem. Afterwards they should
explore the room they are in order to find the manuscript that fits the verses they have
received. So, they should attempt first to put in order the sentences they have re-



ceived. The problem is that they will only receive a subset of the verses. So they have
to exchange them with the other group members in order to form correctly the poem.
Once they receive all the needed verses, they will have to place them in the proper
order in order to complete successfully the particular game.

In the Image Game each student has to solve a puzzle. Each one receives some
pieces of the puzzle but not all of them, while there are also some pieces of others’
images. Due to this, they will have to exchange the pieces between them in order to
have all the parts of the image, a necessary step for solving the puzzle correctly.
When the users receive the pieces of the puzzle they should look for the item they
think it could be the solution of its puzzle. The fact of seeing the solution of the puz-
zle — that for example can be found in the physical environment like a painting, a
picture, statue etc —supports them in solving the puzzle.

Both these collaborative games are initiated in such a way that the pieces are allo-
cated in group members that have mutual interest to exchange them, so that deadlocks
are avoided (i.e. a deadlock may occur when a member of the group has pieces of
interest to somebody else who has nothing to offer in exchange). However in future
more arbitrary distribution of items may be allowed, especially when elder players are
involved. In such case more complex problem solving strategies have to be defined
by the players if they wish to avoid possible deadlocks for the sake of the overall
group performance.

IM

Figure 3 — View of the evaluation study

4 Setting of the Usability Evaluation study

The developed prototype was evaluated by a controlled experiment in a setting that
resamples a typical context of use of the system (A Historical/Cultural Museum). A
school party of children in their first year of senior high-school (aged 15 to 16, the
expected typical user age) participated in the study. The party was made of twelve



(12) children (3 boys and 9 girls) divided in three groups of 2 teams having two mem-
bers each that were randomly formed. Two of these groups were made only of girls
and one group was composed of 3 boys and one girl.

The teams gathered the clues and then each group had to debate and to discover
collaboratively what the combined clues were in order to solve the problem.

The experiment was recorded by 3 video and 2 audio recorders for further analysis
using the ColAT analysis tool (Avouris et al 2004, Fiotakis et al 2004) which interre-
late activity logs video and observers notes in the same environment. So through
ColAT the actions that the users performed during the use of the PDAs, that were
logged by the server, where synchronized with the videos. During the experiment at
least one evaluator observed the behavior of the children. The observers also played
the role of the museum guides and they explained to the participants how to use the
application and what is the goal to follow in playing the games.
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Figure 4 — Analysis environment for the evaluation study: ColAT
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5 Findings of the study

There are several types of observations that have been made. In all the teams for
every game the log has a similar pattern that shows that the participants were engaged
first in exploring at first the interface of the games. After the period of exploration
they start the real game play to achieve the desired goal. The interface is very intui-



tive considering that none of the participants have used before a handheld, though all
of them have mobile phones (so they are used to mobile, small display constrained
devices) and over 30% of them have a PC at home.

Observers have noted that the teams that identified the exhibits in the Museum
walls and used them as reference completed the games in a much shorter time. Over-
all it was observed that the PDAs drew most of the attention, as the participants at
most used the surroundings just as a means to solve the games and to get the reward
in the form of the clue.

The TextGame generally took much longer to complete than the ImageGame as
there were no fragments of the text in the physical space, though the poems chosen
were well known to the children. As opposed to the ImageGame the TextGame in-
volves some scrolling in order to place the verses in the right spots and it does not
support an overview of the text. The children that have not succeeded to solve the text
puzzle expressed their wish to have the solution presented in the game — feature that
is not present. This feature is not present in the ImageGame either, however the fact
that the images can be found in the environment fulfills this requirement.

Also the increased time required to do the TextGame could be related to the fact
that higher cognitive load is required, as the users need to remember the sequence of
the verses that was even harder due to the necessary splitting of the poem in short
phrases.

Table 1. ImageGame Analysis results

G* p** Member ImageGame
Time Events Exchanges | Finish
1 PDA 1 6°35” 101 9 3 Yes
1 PDA 2 6°18” 6 Yes
2 PDA 3 3’05” 47 3 0 Yes
PDA 4 3’31” 3 Yes
1 PDA 1 4°22” 46 ~ 3 2 Yes
2 PDA 2 6°26” 1 Yes
2 PDA 3 2°49” 41 5 4 Yes
PDA 4 2’56” 1 Yes
1 PDA 1 2°29” 47 4 3 Yes
3 PDA 2 332" 1 Yes
2 PDA 3 4°59” 71 7 4 Yes
PDA 4 4147 3 Yes
Average: | 4°16” 559
Average by pro- 1| 457 ~65 ~5
file: 2 | 336" 53 5
* Group, ** Profile

The optimal strategy for the ImageGame needed only three (3) exchanges in order
to have both players win status. The optimal strategy for the TextGame was different
from one profile to another and needed 4 phrases to be changed over, 2 from one
member to the other and 2 in the opposite way for profile 2, and respectively 6
phrases (3 and 3) for profile 1 in order to have both players win status.



Table 2. TextGame Analysis results

G* | pP** Member TextGame
Time Events | Sentences Finish
sent
1 PDA 1 16°15” 76 6 2 Yes
1 PDA 2 14°19” 4 No
2 PDA 3 3’15” 24 4 2 Yes
PDA 4 3'17” 2 Yes
1 PDA 1 12°27” 57 11 4 No
2 PDA 2 11°32” 7 No
2 PDA 3 3’46” 41 6 *** 3 Yes
PDA 4 3'29” 3 Yes
1 PDA 1 6’08” 29 4 0 Yes
3 PDA 2 5’59” 4 No
2 PDA 3 3724” 31 4 2 Yes
PDA 4 3’20” 2 Yes
Average: | 7°16” 43
Average by pro- 1]11°07” 54 7
file: 2 | 3'25” 32 ~5
* Group, **Profile, ***5 successful + 1 unsuccessful sentences sent

The results presented in Tables 1 and 2 show us that there is a significant differ-
ence between profiles 1 and 2 especially for the TextGame. We can notice a very big
difference in the average times by profile required to play the TextGame (profile 1
with 11°07” compared with profile 2 with 3°25”) as well as in terms of successful
finalization of the game (profile 1 33,33 % compared to profile 2 with 100%).

The explanation for these results lies in the differences in the contents of the two
profiles where profile 1 had a larger quantity of text than 2. Also the poem of profile
2 is well known, as it is the first verse of the Greek National Anthem, see Table 4.
The larger poem of profile, also resulted in noticeable differences in the interaction.
As already mentioned the children were familiar with small screen devices but they
were not used with the stylus. From the observations that were made during the ex-
periment turned out that in the TextGame they had difficulties to scroll the text with
the stylus and often they tented to miss a phrase when they moved from one scroll
page to another. The lesser quantity of text in profile 2 allowed the players to over-
come easier these problems while the text in profile 1 made the game harder for them.
Some times during the game children felt frustrated and often remarks like “I can not
stand it any more!” or “This is impossible!” were heard.

Also we can note that since the verses in the task for profile 1 were less recogniz-
able by the participants they had even more difficulties in completing the puzzle. So
none of these teams had the patience to complete in both PDAs the text. In the teams
that finished the game they stopped immediately after one of the team members got
the corresponding clue. Opposite to this behavior was that of profile 2 where all par-
ticipants wanted to complete the task on their PDA.



Table 3. Profile differences in the TextGame

TextGame | Well known? | Total | Common No of sen- Words in Characters in
lines lines tences to be the text the text without
send in order spaces
for both to win
Profile 1 | Should be* 13 I 6 28 142
Profile 2 | Yes 11 6 4 16 82

*Though profile 1 verses are in the children curriculum the verses of profile 2 have a much
higher probability to be known as they belong to the national hymn.

Table 4. Content of the TextGame

Profilel text

Profile 2 text

Ztov Wapov v oAdpaupn pdxn
nepriatoviag n 60a povaxn,
MeAetd ta Aapnpd adikapla
Kdl OTe@Avt oty Koun @opet

A’ 1a KOKkaAa ByaApévn
Tov EAANvev ta epd,

Kat oav ipota avdpeiopévn,
Xaipe, o xaipe, EAeubepral

Kapepévo and ta Atya xoptapila
ITOU ammopewvay oty €épnun yn.

Profile 2 results are very interesting with regard to the times needed for solving the
ImageGame and the TextGame. The average time for the TextGame is lower than the
average time for the image game, an observation against our intuition. The explana-
tion is that the users got accustomed to the devices during the ImageGame, that was
in all teams the first game they have chosen to play. So they had already learned the
basic elements of interaction and they got the idea of the games. Repeating the Im-
ageGame resulted in reduced completion times as expected. This behavior is clear in
the profile 1 where the times required to complete the TextGame where high com-
pared with the times required to complete the ImageGame for just 2 extra lines of
additional text, as the increase of required time seems to be exponentially function of
text quantity.

Comparing the average times required by profile 1 for ImageGame with the one
required by profile 2 we can see a slight difference that is explained through the fact
that the images in profile 2 contained slightly more edges and shapes that eased the
completion of the game.

The strategies that the teams adopted for solving the games differed from team to
team. The most common was to stick together and sometimes move around to find the
relevant picture on the walls of the museum. One exception was in the 3rd group 1st
team have exchanged the pieces of the desired image to form and then they split, each
partner moving close to the relevant exhibit in order to finalize the puzzle. For the
TextGame, profile 1 players only tried to find information in the physical environ-
ment that might help them to complete the task with the verses. It is of interest to note
that there were teams that adopted a optimal strategy in terms of exchanges. In spite
of the fact that other teams had less optimal strategies the times for completion were
close. Collaboration between team members was in various forms: the collaboration



patterns expected and provided by the system — exchange pieces of images or text
sentences through the game interface; verbal collaboration; helping the team mate to
find the relevant information in the physical space as well as some times selecting on
PDA the desired piece of information.

6 Conclusions

Design and usability evaluation of the Museum mobile system has been a hard
task. Despite the many technical difficulties related to the selected development envi-
ronment, the application entered a beta testing phase after six months of development
and recently the prototype went into the evaluation phase that involves a series of
usability evaluation studies like the one described in section 5. While the system goes
through testing the approach is also under consideration through different perspec-
tives, among which its educational value, the impact on the museum when deployed,
the impact on future visitors and applicability in other similar settings.

Some of the findings concern the activity characteristics: A possible drawback of
the proposed activity is related to the fact that we may be building a tour oriented to
the PDA instead of the museum, so that it could be possible that visitors interact more
with the handheld devices than with the exhibits. In our evaluation study, the visitors
indeed used the exhibits rather as auxiliary material towards the main objective, i.e.
solving the given problem, however the conditions where simulated and the emphasis
of the particular study was clearly on examining interaction during the activity. An
additional concern, as discussed in the evaluation section, is related to the fact that it
is possible that the games are too difficult for children of the target age group. If
children find the games difficult to play they will lose interest in them. However the
developed authoring environment has the capability of adjusting the level of difficulty
in various ways, so thorough testing of future activities with children of the target age
group should be done before introducing the activity in a museum.

Overall the activity is not invasive of the environment, as no visible intervention is
required in a museum, while the scenario can be adjusted for many different kinds
and sizes of Museums.

Finally the developed prototype is expected to be used for studying various aspects
of group interaction through mobile devices in the near future and validate the devel-
oped usability evaluation methodology, especially since it is combined with logging
mechanism and powerful analysis tools like the ColAT environment.
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