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abstract

This chapter discusses the design challenges of mobile museum learning applications. Museums are 
undoubtedly rich in learning opportunities to be further enhanced with effective use of mobile technol-
ogy. A visit supported and mediated by mobile devices can trigger the visitors’ motivation by stimulat-
ing their imagination and engagement, giving opportunities to reorganize and conceptualise historical, 
cultural and technological facts in a constructive and meaningful way. In particular, context of use, 
social and constructivist aspects of learning and novel pedagogical approaches are important factors 
to be taken in consideration during the design process. A thorough study of existing systems is presented 
in the chapter in order to offer a background for extracting useful design approaches and guidelines. 
The chapter closes with a discussion on our experience in designing a collaborative learning activity 
for a cultural history museum.
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intrOdUctiOn

Use of mobile devices spreads in everyday human 
activities. These devices offer portability, wireless 
communication and connectivity to information 
resources and are primarily used as mobile digital 
assistants and communication mediators. Thus, it 
is no surprise that various attempts to use mobile 
appliances for learning purposes have been re-
ported either inside or outside school (Roschelle, 
2003). The term mobile learning or m-learning 
has been coined and concerns the use of wireless 
technologies, portable appliances and applications 
in the learning process without location or time 
restrictions. Practitioners’ reports (Perry, 2003; 
Vahey & Crawford, 2002) and scientific findings 
(Norris & Soloway, 2004; Roschelle, 2003; Zurita 
& Nussbaum, 2004) communicate promising 
results in using these applications in various 
educational activities. The related bibliography 
proposes various uses of mobile appliances for 
learning. These Activities might concern access 
and management of information and communica-
tion and collaboration between users, under the 
frame of various learning situations. 

A particular domain related to collaborative 
learning is defined as the support provided towards 
the educational goals through a coordinated and 
shared activity (Dillenbourg, 1999). In such cases, 
peer interactions involved as a result of the effort 
to build and support collaborative problem solv-
ing, are thought to be conducive to learning. On 
the other hand, traditional groupware environ-
ments are known to have various technological 
constraints which inflict on the learning process 
(Myers et al., 1998). Therefore, mobile collabora-
tive learning systems (mCSCL) are recognized 
as a potential solution, as they support a more 
natural cooperative environment due to their 
wireless connectivity and portability (Danesh, 
Inkpen, Lau et al., 2001). While the mobility in 
physical space is of primary importance for estab-
lishing social interaction, this ability is reduced 
when interacting through a desktop system. It 
is evident that, by retaining the ability to move 
around it is easier to establish a social dialogue 
and two discrete communication channels may be 

simultaneously established through devices: one 
physical and one digital. Additionally, a mobile 
device can be treated as an information collector 
in a lab or in an information rich space (Rieger & 
Gay, 1997), as a book, as an organizing medium 
during transportation or even as a mediation of 
rich and stimulating interaction with the envi-
ronment (i.e., in a museum). Effective usage of 
mobile appliances has been reported in language 
learning, mathematics, natural and social sciences 
(Luchini et al., 2002). 

Furthermore, various technological constraints 
need to be taken in consideration during the de-
sign of activities which involve mobile devices. 
Such an example is the small screen, which can-
not present all the information of interest while 
the lack of a full keyboard creates constraints in 
relation to data entry (Hayhoe, 2001). There is 
a need to provide the user with the possibility 
to ‘go large’ by getting information from both 
the virtual and physical world, while simultane-
ously ‘going small,’ by retrieving the useful and 
complementary information and getting involved 
into meaningful and easy to accomplish tasks 
(Luchini et al., 2002). In addition, despite the fact 
that technological solutions are proliferating and 
maturing, we still have a partial understanding of 
how users take effectively advantage of mobile 
devices. Specifically, in relation to communica-
tion and interaction, we need to investigate how 
mobile technology can be used for development 
of social networks and how it can provide richer 
ways for people to communicate and engage with 
others. In public spaces, like museums, a crucial 
question is if the serendipitous exchanges and 
interactions that often occur should be supported 
through mobile technology, how and where the 
interaction between people takes place and how 
is affected by this novel technology. Clearly, a 
better understanding of social activities and social 
interactions in public spaces should emerge to 
answer these questions.

A number of the aforementioned issues are 
discussed next in the context of a museum visit. 
First, we analyse how the context can affect any 
activity and application design. Then, we outline 
the most promising mobile learning applications 
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and finally, we present our experiences of introduc-
ing collaborative learning activities using a novel 
approach based on the best practices surveyed 
previously, in a large scale project for a cultural 
history museum.

intEractiOn dEsign fOr 
MObiLE aPPLicatiOns

Interaction design is one of the main challenges 
of mobile applications design. Direct transfer of 
knowledge and practices from the user-desktop in-
teraction metaphor, without taking in consideration 
the challenges of the new interaction paradigm is 
not effective. A new conceptualization of inter-
action is needed for ubiquitous computing. The 
traditional definition (Norman, 1986) of the user 
interface as a “means by which people and com-
puters communicate with each other,” becomes 
in ubiquitous computing, the means by which 
the people and the environment communicate 
with each other facilitated by mobile devices. As 
a result, interaction design is fundamentally dif-
ferent. In the traditional case, the user interacts 
with the computer with the intention to carry out 
a task. The reaction of the computer to user ac-
tions modifies its state and results in a dialogue 
between the human and the machine. 

On the other hand, the user interaction with 
mobile devices is triadic, as the interaction is 
equally affected not only by the action of the 
user and the system’s response, but by the con-
text of use itself. The level of transparency of the 
environment, taking into account the presence 
of the mobile device and the degree of support 
to ‘environmental’ tasks meaningful to the user, 
are new issues to be considered. Consequently, 
new interaction design and evaluation criteria are 
required, since the design should not only focus 
on the user experience but pay also attention to 
the presence of other devices or objects of interest, 
including the level of awareness of the environ-
ment. By building the virtual information space 
into the real, the real is enhanced, but conversely, 
by drawing upon the physical, there is the oppor-
tunity to make the virtual space more tangible 

and intuitive and lower the overall cognitive load 
associated with each task. 

To summarize, a number of design principles 
are proposed for mobile applications design: 

a. Effective and efficient context awareness 
methods and models, with respect to the 
concept of context as defined by Dey (2001): 
‘Context is any information that can be used 
to characterize the situation of an entity. An 
entity is a person, place, or object that is con-
sidered relevant to the interaction between a 
user and an application, including the user 
and applications themselves.’

b. Presentation of useful information to the 
user complementary to the information 
communicated by the environment. 

c. Accurate and timely update of environmental 
data that affect the quality of interaction. 

d. Contextualized and personalized informa-
tion according to personal needs. 

e. Information should be presented to the user 
rather than having the user searching for 
it.

Failure to look into these design issues can lead 
to erroneous interaction. For example, delays of 
the network, lack of synchronization between two 
artifacts of the environment or slight reposition-
ing of the device can lead to misconceptions and 
illegal interaction states. In addition, information 
flow models should be aligned according to the 
information push requirement and relevant user 
modeling and adaptation techniques to support 
this flow of information should be defined. Finally, 
new usability evaluation techniques, concerning 
mobile applications should emerge to shape a novel 
interaction paradigm.

Dix et al. (2000) present a framework to sys-
tematically address the discussed design issues 
and successive context awareness elements are 
inserted in the design process: (a) the infrastructure 
level (i.e., available network bandwidth, displays’ 
resolution), (b) the system level (type and pace of 
feedback and feed through), (c) the domain level 
(the degree of adaptability that a system must 
provide to different users) and (d) the physical 
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level (physical attributes of the device, location 
method and the environment). All these elements 
should be tackled independently and as a whole in 
order to study the effect of every design decision 
to each other. 

We formulate the interaction design aspects 
discussed through the problem of designing a 
mobile learning application for a museum. During 
the visit a user has only a partial understanding of 
the available exhibits. This situation can be sup-
ported by complementary information included in 
the physical environment, for example alternative 
representations, concerning the historical role of 
the people or the artifacts presented the artistic 
value of a painting (Evans & Sterry, 1999), and 
so forth. This cognitive process of immersion into 
the cultural context, represented by the museum 
exhibits, could be supported by drawing upon the 
stimuli produced during the visit using context 
aware mobile devices. Therefore, these devices 
should be viewed as tools to enhance the involve-
ment of a user in the cultural discovery process, 
tools that challenge the user to imagine the social, 
historical and cultural context, aligning her to a 
meaningful and worthy experience.

It is not argued here that the infusion of mobile 
technologies in museums will necessarily result 
to meaningful learning processes. Our analysis 
involves the potential use of the technology 
when integrated in educational activities (Hall 
& Bannon, 2006), which will offer a structured 
learning activity according to the characteristics 
of museums’ content and the functionalities of the 
technologies used. To better illustrate this point (a) 
we briefly present a set of selected exemplary cases 
which demonstrate different ways of integrating 
mobile educational applications in museums and 
(b) we provide a more detailed account of such 
an application that we designed for a museum in 
Greece.

In the next section a number of approaches 
supporting such a visit are reviewed and examined 
using the design aspects as guiding paradigm and 
point of reference. Since the goal of the visitor is 
to see and learn more and not to explicitly use 
technology, a deep understanding of visitors’ 
needs is important during the design phase, to 

avoid disturbances that can destruct her from 
her objective. Therefore, decisions made for the 
technology used and the styles of interaction, with 
the involved devices, have to deal with user’s pat-
terns of visit. Having the above requirements in 
hand, we use the framework proposed by Dix et 
al. (2000) to organize a coherent characteristics 
inspection of some representative examples of 
mobile museum guides. 

MObiLE dEvicEs as MUsEUM 
gUidEs

In this section, some representative design ap-
proaches for mobile museum applications are 
discussed. An extended survey is included in 
Raptis, Tselios and Avouris (2005). The first system 
named “Electronic Guidebook,” deployed in the 
Exploratorium science museum (Fleck et al., 2002), 
tries to involve the visitors to directly manipulate 
the exhibits and provides instructions as well as 
additional science explanations about the natural 
phenomena people are watching. The system of the 
Marble Museum of Carrara (Ciavarella & Paterno, 
2004) stores the information locally in the PDA’s 
memory, uses a map to guide the visitors around 
the museum and presents content of different 
abstraction levels (i.e., room, section and exhibit). 
The “ImogI” system uses Bluetooth to establish 
communication between the PDAs and exhibits 
and presents the closest exhibits to the user, (Luy-
ten & Coninx, 2004). The “Sotto Voce” system 
gives details about everyday things located in an 
old house (Grinter et al., 2002) by having pictures 
of the walls on the PDA’s screen and asking from 
the user to select the exhibit she is interested in, 
by pressing it. The “Points of Departure” system 
(www.sfmoma.org) gives details in video and 
audio form by having ‘thumbnails’ of exhibits on 
the PDA’s screen. It also uses ‘Smart Tables’ in 
order to enrich the interaction. A system, in the 
Lasar Segall Museum, Sao Paolo, Brazil (Dyan, 
2004), automatically delivers information to the 
PDA, about more than 3,000 paintings. In the 
Tokyo University Digital Museum a system uses 
three different approaches to deliver content. The 
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PDMA, in which the user holds the device above 
the exhibit she is interested in, the Point-it, in 
which the visitor uses laser-pointer to select spe-
cific exhibits and finally the Museum AR in which 
visitors wear glasses in order to get details about 
the exhibits (Koshizuka & Sakamura, 2000).

The system developed in the C-Map project, 
(Mase, Sumi, & Kadobayashi, 2000), uses active 
badges to simulate the location of the visitor, allow-
ing tour planning and a VR system, controlled by 
the gestures of the visitor. In a Tour guide (Chou, 
Lee, Lee et al., 2004), the information about the 
exhibits is automatically presented and there is no 
variation in the form of the visit, but subjective 
tour guides are used. A different approach is the 
one adopted in the Museum of Fine Arts in Ant-
werp (Van Gool, Tuytelaars, & Pollefeys, 1999), 
in which the user is equipped with a camera and 
selects exhibits, or details of an exhibit by tak-

ing pictures. A tour guide in the PEACH project, 
(Rocchi, Stock, Zancanaro et al., 2004), which 
migrates the interaction from the PDA to screens 
and uses a TV-like metaphor, using ‘newscasters’ 
to deliver content. Finally, a nomadic information 
system, the Hippie, developed in the framework of 
the HIPS project, (Oppermann & Specht, 1999), 
allows the user to access a personal virtual space 
during or after the visit. In the latter system, an 
electronic compass is used to identify the direc-
tion of a visitor.  

The infrastructure context concerns the con-
nections between the devices that comprise the 
system and influence the validity of the informa-
tion that is provided through them to the users 
and needs not only to be addressed in problematic 
situations. It is also related with the validity and 
timely updates of available information. This can 
be clearly seen in collaboration activities where 

Location
technology

Storage of 
information Flow of information Additional 

functions

“Antwerp project” IrDA In Server Active Cameras

C-Map IrDA In Server Active, exhibit 
recommendations

Active Badges, 
Screens

Hippie IrDA In Server
Active, info presented 
based on the history 
of visit

ImogI Bluetooth
Info stored in 
Bluetooth 
transmitters

Active, proximity 
manager

Lasar Segal Museum IrDA In Server Passive

Marble Museum IrDA
Locally stored 
info, abstraction 
levels

Active, history 
of the visit

PDMA, Point it, 
Museum AR IrDA In Server Active laser pointer, 

glasses 

PEACH project IrDA In Server Passive, task 
migration Screens

Points of departure Locally stored info Active Screens

Rememberer RFID In Server Passive Cameras

Sotto Voce Locally stored info Active

Tour Guide System 
(Taiwan) IrDA In Server Passive, subjective 

tour guides

Table 1. Design decisions affecting system context
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the user constantly needs to know the location of 
other users, the virtual space, the shared objects, 
and so forth. In the specific museum domain the 
results may not be so critical but can lead the user 
to various misunderstandings. 

The mentioned systems use an indirect way 
of informing the user that her requests have been 
carried out: the user sees and hears the reflection 
of her requests on the PDA. There is no clear 
notification that the user’s demands are executed 
successfully or not. Some of the systems use ex-
ternal factors, as signs of success, such as a led 
light (“Rememberer”) and audio signals (“Marble 
Museum”). But in general terms, the user is on 
his or her own when problems occur and the sys-
tems leave it up to her to find it out, by observing 
that, there is no progress. We have to point that it 
could be very distracting and even annoying to 
have feedback messages in every state of interac-
tion, but it is important for designers, to include 
a non-intrusive approach to inform that there is 
a problem and provide constructive feedback to 
overcome it. 

Regarding the system context we can distin-
guish four different approaches as a means of 
awareness technology. In the first approach (Table 
1), the PDA is the whole system. There are no 
other devices or awareness mechanisms involved 
and the information presented to the user is stored 
locally in the PDA. The second approach uses 
RFID tags to establish communication between 
the PDAs and the exhibits and the third which 
uses Bluetooth to establish communication with 
the exhibits and deliver content. The forth and 
most common approach uses IrDA technology 
to estimate the position of the visitor in space. 
Usually, IrDA tags are placed near every exhibit 
or in the entrance of each exhibition room and 
Wi-Fi derives the information to the PDA from a 
server Also, many different additional devices are 
built and integrated into these systems like screens 
(as a standalone devices or as interacting devices 
with the PDAs, where the user has the opportunity 
to transmit sequentially her interaction with the 
system from the PDA to a Screen). Regarding the 
location, all the studied systems use a topological 
approach to identify the position of a PDA, which 

informs approximately the system about the user’s 
location. However, in the case of a museum with 
densely place exhibits, a more precise Cartesian 
approach can yield accurate user localization. 

Domain context concerns aspects related to 
the situated interaction that takes place in the 
specific domain. Often in museum applications 
there is a lack of information about user profiles 
and characteristics. It is however important to 
consider that each visitor in a museum has different 
expectations, and is interested in different aspects 
regarding the exhibits. In the studied systems 
only in those that allow interaction of the users 
with servers there is a possibility for personalized 
interaction. Most of the systems require from the 
user to login, answer some specific questions, in 
order to build a model of the user and present the 
information in her PDA according to her language, 
her expertise level and her physical needs (i.e., 
bigger fonts for those with sight impediments). 
When domain context is absent from the design 
process the system operates as a tool suited for 
the needs of a single hypothetical ‘ideal’ user. In 
such an environment this ‘ideal’ user will likely 
represent the needs and expectations of a small 
fraction of real visitors. 

The system may push information to the user 
or it may wait until the user decides to pull it from 
the system. In the first case, special consideration 
should be taken to the user’s specific activity and 
objective. Questions related to situated domain 
context are the following: Does the system propose 
any relevant information based on the history of 
users interaction? Does it adapt to actions repeat-
edly made by the user? Does it present content in 
different ways? For example, the “ImogI” system 
rearranges the order of the icons putting in front the 
mostly used ones. Also, in PEACH and in ‘Points 
of Departure’ the user can change the interaction 
medium from PDAs to Screens, in order to see 
more detailed information. 

The physical context lays in the relation of 
the system with the physical environment and in 
problems concerning the physical nature of the 
devices. However, in the studied systems there is 
not a single mechanism of identifying the physical 
conditions. For example, in a room full with people, 
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where a lot of noise exists, it would be appropriate 
if the system could automatically switch from an 
audio to a text presentation. 

From the survey of the mobile guides applica-
tions presented here it seems that efficient design 
approaches could be achieved by augmenting 
physical space with information exchanges, by 
allowing collaboration and communication, by 
enhancing interactivity with the museum exhibits 
and by seamlessly integrating instantly available 
information delivered in various forms. However, 
the synergy between technology and pedagogy 
is not straightforward especially if we take into 
account the need to tackle issues such as efficient 
context integration, transparent usage of the PDA, 
and novel pedagogical approaches to exploit the 
capabilities of mobile devices. As a result, after 
discussing in detail usages of a mobile device as 
a mean of museum guidance, in the following, we 
attempt to discuss explicit educational activities 
mediated by mobile devices and a specific example 
of a new Mobile Learning environment.

dEsigning MUsEUM MObiLE 
EdUcatiOnaL activitiEs 

The level of exploitation of mobile devices in a 
museum setting is increasing and part of this use 
may have educational value. In this section we will 
focus on the added value of integrating educational 
mobile applications in museums. We will start our 
analysis by posing two questions that we consider 
central to this issue: (a) what is changing in the 
learning process taking place in a museum when 
mediated by mobile technology and (b) why these 
changes might be of educational or pedagogical 
interest? We will attempt to address these questions 
by focusing on three aspects related not only to the 
characteristics of mobile technology but also to 
the results of its integration in a museum. Specifi-
cally we will discuss: (a) the types of interaction 
between the visitor and the learning environment 
(e.g., the museum), (b) the learning activities that 
these interactions can support and (c) the role of 
context and motion in learning.

One facet of the learning process when me-
diated by mobile technology in museum visits 
involves the tangibility of museum artifacts: 
distant museum exhibits that were out there for 
the visitors allowing them just to observe now 
can be virtually touched, opened, turned and 
decomposed. In this case, technology provides to 
the user the key to open up the exhibit, explore 
it and construct an experience out of it. The tra-
ditional reading of information and observation 
of the exhibit is considered as one-dimensional 
“information flow” from the exhibit to the user. 
Mobile technology facilitates the transformation 
of the one dimensional relationship to a dialectic 
relationship between the user and the exhibit. 
Furthermore, this relationship can now include 
another important component (apart of the ex-
hibits) of the museum environment: the other 
visitors. By providing a record of user–exhibit 
interaction for other visitors to see, reflect upon 
and transform technology can support social ac-
tivities of communication, co-construction, and 
so forth between the visitors. To sum up, mobile 
technology mediates three types of interaction 
between the learner and the learning environment 
of a museum: (a) “exhibit–user” interaction (b) 
“user –exhibit” interaction and (c) “between the 
users” interaction about “a” and “b.”

The enrichment of interaction between the 
learner and the museum might result in more or 
different learning opportunities (Cobb, 2002) the 
characteristics of which are outlined here. Specifi-
cally, the dialectic relationship between the user 
and the museum artifacts, mediated by mobile 
devices, might offer chances for analysis of the 
exhibit, experimentation with it, hypothesis formu-
lation and testing, construction of interpretation, 
information processing and organization, reflec-
tion and many more, according to the educational 
activity designed. Collaboration and communica-
tion about the exhibits and information processing 
about them makes possible socio-constructive 
learning activities. By comparing these elements 
of the learning process to the reading or hearing of 
information about the exhibits (which is a the start-
ing point for a non technology mediated museum 
visit) we realize that mobile technology has the 
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potential to offer an active role to the learner: she 
can choose the information she wants to see, open 
up and de-construct an exhibit if she is interested 
in it, see how other visitors have interacted with 
a certain exhibit, discuss about it with them, ex-
change information, store information for further 
processing and use and so on. 

Up until now, we described the role of mobile 
technology in learning with respect to two char-
acteristics of the museum as learning environ-
ment: the exhibits and the other visitors. Another 
characteristic of the museum, which differenti-
ates it from other learning environments (e.g., 
classroom) is that learning in a museum takes 
place while the learner moves. Learning while 
moving, quite often takes place very effectively 
without the support of technology. However there 
are cases that further processing with appropriate 
equipment is needed or some structuring of this 
“mobile learning experience” is proved to be use-
ful. Mobile technologies can find in museums an 
important area of implementation not only because 
museum visits are structured around motion but 
because we have to support visitors during and 
not just after or before the visit (Patten, Arnedillo 
Sanchez et al., 2006). But why is it important to 
support learning during the visit? The answer here 
comes from the theory of situated learning (Lave 
& Wenger, 1991) which underlines the role of 
context in learning. Specifically, context facilitates 
knowledge construction by offering the practices, 
the tools, and the relevant background along with 
the objectives towards which learning is directed 
and has a specific meaning or a special function 
(knowledge is used for something). Finally, the 
use of mobile devices provides a new and very 
attractive way of interacting with the museum 
content especially for young children (Hall & 
Bannon, 2006).

As mentioned previously a large number of 
mobile applications have been developed during 
previous years for use in the museums (Raptis et 
al., 2005). All these mobile applications can add 
educational value to a museum visit in various 
ways. A survey of mobile educational applications 
for use inside the museum, led us to a categorization 
according to the educational approach followed 

in every occasion. The first category includes 
applications that mainly deliver information to 
the visitor and concerns the vast majority of ap-
plications created for museums. Mobile devices 
take the place of the museums’ docents and offer 
predetermined guided tours based upon certain 
thematic criteria. The aforementioned applications 
offer the museum visitor an enhanced experience 
which can support the learning process through a 
behaviorist approach. Enhancement is succeeded 
by supplying multimedia and context-related 
content. 

The second category of applications, suitable 
for educational use in museums, consists of ap-
plications which provide tools that can support 
the learning process in a more profound way. 
Compared to the first category, they provide 
information about the exhibits of a museum but 
furthermore they include a series of functions that 
increase the interactivity with the user. Such an 
example is the Sotto Voce System (Grinter et al., 
2002), which includes an electronic guide with 
audio content and the ability of synchronized 
sharing of this content between visitors. Thus, 
the users can either use individually the guide 
or “eavesdrop” to the information that another 
visitor listens. 

Another example is the applications developed 
for the Exploratorium, a science museum in San 
Francisco (Fleck et al., 2002). In this museum, 
the visitor has the possibility to manipulate and 
experiment with the exhibits. Also, an electronic 
guidance was designed to provide information 
about the exhibits and the phenomena related 
with them, posing relative questions to provide 
deeper visitors’ engagement. These applications 
are closer to social-cultural learning theories as 
they provide the user with tools to organize and 
control the provided information. 

The third category of educational applications 
presents a specific educational scenario. Usually, 
game-based activities where the users, mostly 
children aged 5-15, are challenged to act a role 
and complete carefully designed pedagogical 
tasks. Such an example is the MUSEX application 
(Yatani, Sugimot & Kusunoki, 2004), deployed in 
the National Museum of Emerging Science and 
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Innovation in Japan. MUSEX is a typical drill 
and practice educational system in which chil-
dren work in pairs and are challenged to answer 
a number of questions. Children select an exhibit 
with their RFID reader equipped PDA and a ques-
tion is presented in the screen with four possible 
answers. The activity is completed when each pair 
collects twelve correct answers.  Children may 
collaborate and communicate either physically or 
via transceivers and monitor each group progress 
through a shared screen. After the completion of 
the activity the participators have the possibility 
to visit a Website and track their path inside the 
museum. The users can deeply interact with the 
exhibits, review the progress of her partner or ask 
for help (Yatani et al., 2004).

DinoHunter project includes several applica-
tions for the transmission of knowledge through 
game-based and mixed reality activities in the 
Senckenberg museum, Frankfurt, Germany. 
Three of these applications, namely DinoExplorer, 
DinoPick and DinoQuiz, are being supported by 
mobile technologies (Feix, Gobel, & Zumack, 
2004). DinoExplorer delivers information to the 
users as an electronic guide, DinoPick allows the 
users to pick one part of the body of a dinosaur 
and get more multimedia information about this 
specific part and DinoQuiz provides a set of 
questions for further exploration of the exhibits 
of the museum. 

Mystery at the Museum is another mobile, 
game-based, educational activity created for the 
Boston Museum of Science. It engages visitors in 
exploring and thinking in depth about the exhibits, 
thus making connections across them and encour-
ages collaboration (Klopfer, Perry, Squire et al., 
2005). High School students and their parents are 
called to solve a crime mystery where a band of 
thieves has stolen one of the exhibits. The users 
try to locate the criminals by using a PDA and a 
walkie-talkie. The participants must select upon 
the role of a technologist, a biologist or a detective. 
Depending on the chosen role they can interview 
virtual characters, pick up and examine virtual 
objects by using virtual equipment (e.g., micro-
scope), collect virtual samples via infrared tags 
or exchange objects and interviews through the 

walkie-talkies. A study confirmed deep engage-
ment of the participants and extensive collabora-
tion due to the roles set.  

Another similar approach is presented through 
the Scavenger Hunt Game activity used in the 
Chicago Historical Society Museum (Kwak, 
2004). In this case, the children are challenged to 
answer a series of questions related to the exhibits 
and the local history. They undertake the role of a 
historical researcher and they are called to answer 
10 multiple choice questions while examining the 
exhibits. Each user is individually engaged into 
the activity and her progress is evaluated in a way 
similar to electronic games. The Cicero Project 
implemented in the Marble Museum of Carrara 
introduces a variety of games to the visitors (Lau-
rillau & Paternò, 2004). The games vary from 
finding the missing parts of a puzzle to answering 
questions about the exhibits. Its main characteristic 
is the support it provides to the visitors to socially 
interact and collaboratively participate in activities 
concerning the exhibits of the museum, through 
peer-awareness mechanisms.

A series of mobile educational activities was 
also carried out in the frame of the Handscape 
Project in the Johnson Museum (Thom-Santelli, 
Toma, Boehner et al., 2005). The “Museum De-
tective” engage students in role-playing activities. 
Children working in pairs are called to locate an 
object described by one clue and learn as much as 
possible for it. A series of multiple-choice ques-
tions is presented for further exploration of the 
exhibit. Four types of interactive element are also 
provided for the exhibits: a painting, a drawing 
activity and a building activity and a multimedia 
narrative. The multiple-choice questions and the 
building activity were drill and practice activities 
and the rest were activities allowing children to 
make their own creations. 

The systems of the latter category present co-
herent learning experiences comprised of planned 
and organized pedagogic activities, where an 
intervention has been purposefully designed to 
result a positive impact on children’s cognitive 
and affective development. With respect to the 
contextual and interaction issues presented in the 
previous sections, we attempt to present in the 
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next section an integrated application that involves 
children as role-playing characters by exploring 
the museum using a PDA. 

an EXaMPLE Of MObiLE 
activitY dEsign fOr 
indOOr MUsEUM visit  

The “Inheritance” activity discussed here, is 
designed to support learning in the context of a 
cultural/historical museum visit. The application 
involves role-playing, information retrieval, data 
collecting and collaboration educational activities, 
suitable for children aged 10 or above working in 
teams of two or three members each. The activity 
scenario describes an imaginary story where the 
students are asked to help the Museum in finding 
the will of a deceased historian, worked for years 
in it. This will is hidden behind the historians’ 
favorite exhibit. Clues to locate the document are 
scattered among the descriptions of some exhibits. 
If the children manage to find the will, all of the 
property of the historian will be inherited by the 
museum and not by his “greedy relatives.” The 
scenario urges the students to read the description 
of the exhibits, find the clues and collaboratively 
locate the specific one.

During the design process of the activity we 
had to study the museum context, the mobile 
technology used and the learning approach to be 
followed in order to achieve the desired pedagogi-
cal outcome. The survey discussed in the previous 
section led us to adopt the following interaction 
design decisions. A PDA with wireless network 
capability is used and an RFID reader is attached 
to it to ‘scan’ the RFID tags used to identify the 
exhibits. Wi-Fi infrastructure is being used to 
deliver data and establish communication between 
the visitors. When an exhibit is scanned, the PDA 
sends a request for information to the server which 
delivers the appropriate content presented in the 
form requested by the user. Data exchange between 
two users is accomplished through alignment of 
their devices while pointing one to the other, which 
mimics the exhibit scanning procedure. We also 
opted for small chunks of text since reading at low 

resolution screens reduces reading comprehension 
significantly. 

The educational design of the activity was 
inspired by the social and cultural perspective of 
constructivism. It was structured around a set of 
learning objectives relevant to the thematic focus 
of the museum, to the exhibits’ information, to the 
age and previous knowledge of the students, and 
to the fact that involves a school visit (as opposed 
to individual museum visits). The basic elements 
which shaped the activity were:

a. Engagement of interest: Engagement and 
interest hold an important role in the learning 
process. Student interest in a museum should 
not be taken for granted, especially because 
a visit arranged by the school is not usually 
based on the fact that some students might 
be interested to the theme of the museum. 
In the inheritance activity we considered to 
trigger student interest by engaging them in 
a game. The setting, the rules and the goal 
of the game were presented in the context 
of a story.

b. Building on previous knowledge: The focus 
of the activity was selected with respect to 
the history courses that students were taught 
in school. They had a general idea about the 
specific period of the Greek history and the 
activity offered complementary information 
about certain issues of this period. Build-
ing on previous knowledge was expected 
to support students in problem solving and 
hypothesis formulation and testing. 

c. Selecting–processing–combining pieces 
of information: The scenario is structured 
around the idea that students read the offered 
information, select what is relevant to their 
inquiry and combine it with other pieces of 
information that have selected and stored 
earlier. Thus the students are expected to 
visit and re-visit the relevant exhibits, go 
through the information that involves them as 
many times as they think necessary and not 
just retrieve that information but combine it 
and use it in order to find the favorite exhibit 
which is the end point of the game
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d. Hypothesis formulation and testing: When 
students have selected enough information 
from the exhibits around one room of the 
museum they can attempt to use some of 
the clues they have selected in order to find 
the favorite exhibit. If they fail they can go 
around the room to collect more information 
and try again. 

e. Communication and collaboration: The 
activity is designed to facilitate inter and 
intra-group collaboration. Specifically, two 
groups of students are expected to collaborate 
to determine which exhibit they will interact 
with, to exchange clues using their PDA 
and to discuss their ideas about the favorite 
exhibit. 

During the activity, the participating teams are 
free to explore any exhibit. Each team is provided 
with a PDA to extract information related to the 
exhibits by reading the tags attached to each of 
the exhibits (Figure 1). Only some of the exhibits 
contain ‘clues,’ which give information about the 
favourite exhibit to be found. Children must locate 
them, store them in the PDAs notepad and after 
collecting all or most of the clues the teams are able 
to beam their clues to each other. After collecting 
all six clues the students are challenged to locate 
the favorite exhibit. When both teams agree that 
one exhibit is the favorite one, they can check the 
correctness of their choice by reading with both 
PDAs the RFID tag of the chosen exhibit. 

After the development of a prototype applica-
tion, a case study was conducted inside the museum 
in order to validate the design choices. Seventeen 
students, aged 11, participated in the study (Figure 
2). Data concerning all involving elements were 
collected to study the activity in depth. The ac-
tivity was videotaped, PDA screen recording has 
been used and voice recorders were used to record 
dialogues among the participants.

The goal of the data analysis was twofold. First, 
to identify problems children encountered during 
the process in relation to each of the activity’s 
elements. Then, to identify the nature of the 
interactions occurred during the procedure. Our 
analysis is based on the Activity Theory, concern-
ing mainly human practices from the perspective of 
consciousness and personal development. It takes 
into account both individual and collaborative ac-
tivities, the asymmetrical relation between people 
and things, and the role of artifacts in everyday 
life. The activity is seen as a system of human 
processes where a subject works on an object in 
order to obtain a desired outcome. In order to ac-
complish a goal, the subject employs tools, either 
conceptual or embodiments. Activity is consisted 
by different components which are (Figure 3): (a) 
subject, (the persons engaged in the activity), (b) 
object (scope of the activity), (c) its outcome (c) 
tools used by the subjects (d) rules-roles that define 
the activity process, (e)community (context of the 
activity) and (f)division of labour (tasks division 
among the participants, Kuuti, 1995; Zurita & 
Nussbaum, 2004). 

Figure 1. Screenshots of the “Inheritance” application: (a) Dialogue for RFID tags reading (b) infor-
mation for a selected exhibit (c) clue selection (d) the notepad screen.
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Activity Theory is of fundamental importance 
to deeper understand learning with mobile devices 
while visiting a museum, since in this case knowl-
edge construction is mediated by cultural tools in 
a social context. The data collected were analyzed 
with the use of the Collaboration Analysis Tool 
(ColAT) environment which supports a multilevel 
description and interpretation of collaborative 
activities through fusion of multiple data (Avouris, 
Komis, Fiotakis et al., 2004). 

In our analysis, an activity is a procedure during 
which objects become knowledge through three 
different levels-steps. Operation is the lower level 
where routine processes facilitate the completion 
of goal-oriented actions which in turn constitute 
the activity. Dialogues, user operations in the ap-
plication and observations derived from the videos 
were transcribed in this first level of analysis. The 
actors, the operations and the mediating tools were 
noted in this level. Actors were the two partici-
pating teams and the researcher. The mediating 
tools were the dialogue among children and the 
researcher, texts of information (symbolic) and 
the application (technological). Some examples 
of operations in our case are text scrolling, RFID 
tag reading and transition from one screen to 
another. Analysis of these user operations led 
us to the identification of a problem in the use of 
the application. For example, due to data transfer 
delay from the server to the PDA, users in some 
occasions were frustrated and selected repeatedly 
an action due to lack of timely feedback. 

In the second level, the different actions pre-
sented among the structural components of the 

activity are being studied. In order to identify 
and categorize the actions, a series of typologies 
were introduced. Typologies were set according 
to the goal and the mediating tool of each action. 
For example when children used the PDA to 
read the text information (mediating tools) their 
goal was not always the same. Three different 
typologies were used to describe the situation 
when the children read carefully the information 
provided (“Reading of information”), when they 
were reading the information and searched for 
clues also (“Reading and searching for clues”), 
and finally when they were “Searching for clues 
only.” A “Reading and searching for clues” ac-
tion example is presented in Table 2. Children 
scroll down the text and one of them states in the 
end of this action that they were unable to find a 
clue. When children search only for clues without 
paying attention to the information we observe 
rapid scrolling. A clear indication that they have 
already found all the clues is when children read 
only the information.

Other actions defined in our study were related 
to the dialogue between the children and the re-
searcher aimed to overcome difficulties in using 
the application or understanding the rules-roles of 
the activity. Typologies where also introduced to 
describe the interaction between children related 
to the next step in the procedure (…“Should we go 
there? …ok” ) and the exchange of thoughts about 
the solution of the activity ( …“Well, tell me, the 
first clue is? …He could spy the Turkish army”…). 
In the third level of analysis, patterns identified 
concerning the evolution of the procedure. 

Figure 2. Children engaged in the activity
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Clearly, the basic goals of the activity as de-
scribed previously in this section have been ful-
filled. Data analysis indicated that children were 
highly motivated by the activity and collaborated 
in order to achieve their goal. As derived from the 
analysis, the teams adopted different strategies to 
accomplish the task. Collaboration was observed 
mainly while making the choice of the next ex-
hibit to be examined. After completing the task 
of finding the clues, the two teams collaborated 
more closely. They divided the work needed to 
find the exhibit described by the clues and looked 
in different parts of the room while collaborating 
and sharing their thoughts and suppositions. They 
used the clues as information filters thus eliminat-
ing the ones that did not match. Additionally, the 
learning result of this activity, as derived from 
subsequent students’ essays describing the visit 

experience, was a deeper understanding of the 
historical role of the persons represented in the 
exhibits and their interrelations.

cOncLUsiOn and fUtUrE WOrk

This chapter attempted to present current design 
approaches for mobile learning applications in the 
context of a museum visit. In addition, thorough 
study of similar approaches took place, which 
lead to useful design patterns and guidelines. As 
discussed, design of mobile learning systems, is 
not a straightforward process. In addition to the 
challenge of integrating the concept of context 
into the design process and independently from 
context conceptualization, a comprehension of 
pedagogical goals, desired learning transfers, user 

Figure 3. Description according to the activity theory model

Table 2. An extract of the data analysis presenting action of the ‘reading and searching for clues’ 
class
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typical needs and objectives should take place. 
We argue that proper design decisions should 
take into account a solid theoretical cognitive 
framework, as well as the special characteristics 
of the mobile devices used and the challenges 
of such an informal learning setting. A suitable 
activity should be properly supported by adequate 
interaction models, deeper understanding of 
the tasks involved to carry out the activity as a 
whole and their expectations while carrying out 
specific actions. For this reason, further valida-
tion of our proposed activity, took place in the 
actual museum. The activity was enjoyed by the 
students and enhanced their motivation to learn 
more about the cultural and historical context 
represented by the exhibits. The latter challenge 
has been better illustrated while discussing our 
experience of designing a collaborative learning 
activity in a cultural history museum and a case 
study validating its usefulness.

Clearly, the future of learning technology in 
museums lies in the blending, not the separation, 
of the virtual and the real world. That is because 
learning in a museum context could be conceived 
as the integration, over time, of personal, socio-
cultural, and physical contexts. The physical set-
ting of the museum in which learning takes place 
mediates the personal and socio-cultural setting. 
The so called ‘interface transparency’ should be 
treated as an effort to seamlessly integrate the 
computational device to our natural environment. 
This goal could be achieved by augmenting physi-
cal space with information exchanges, allowing 
collaboration and communication, enhancing 
interactivity with the museum exhibits and by 
seamless integrating instantly available infor-
mation delivered in various forms. However, the 
synergy between technology and pedagogy is not 
straightforward, especially if we take into account 
the need to tackle issues such as efficient context 
integration, transparent usage of PDA, and novel 
pedagogical approaches to exploit the capabilities 
of the mobile devices. Therefore, further research 
effort should take place to experience established 
methods and practices.
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kEY tErMs

Activity Theory: Is a psychological frame-
work, with its roots in Vygotsky’s cultural-histori-
cal psychology. Its goal is to explain the mental 
capabilities of a single human being. However, it 
rejects the isolated human being as an adequate 
unit of analysis, focusing instead on cultural and 
technical mediation of human activity.

Context: Context is any information that 
can be used to characterize the situation of an 
entity. An entity is a person, place, or object that 
is considered relevant to the interaction between 
a user and an application, including the user and 
applications themselves (Dey, 2001).

Context-Aware: The ability to sense con-
text.

Interaction Design: Interaction design is a 
sub-discipline of the design notion which aims 
to examine the role of embedded behaviors and 
intelligence in physical and virtual spaces as well 
as the convergence of physical and digital prod-
ucts. In particular, interaction design is concerned 
with a user experience flow through time and is 
typically informed by user research design with 
an emphasis on behavior as well as form. Interac-
tion design is evaluated in terms of functionality, 
usability and emotional factors.

Mobile Device: A device which is typically 
characterized by mobility, small form factor and 
communication functionality and focuses on han-
dling a particular type of information and related 
tasks. Typical devices could be a Smartphone or 
a PDA. Mobile devices may overlap in definition 
or are sometimes referred to as information ap-
pliances, wireless devices, handhelds or handheld 
devices. 

Mobile Learning: Is the delivery of learning 
to students who are not keeping a fixed location 
or through the use of mobile or portable technol-
ogy.

Museum Learning: A kind of informal learn-
ing which is not teacher mediated. It refers to 
how well a visit inspires and stimulates people 
into wanting to know more, as well as changing 
how they see themselves and their world both as 
an individual and as part of a community. It is a 
wide concept that can include not only the design 
and implementation of special events and teaching 
sessions, but also the planning and production of 
exhibitions and any other activity of the museum 
which can play an educational role.




