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Preface

The 13th World Conference on Mobile and Contextual Learning in 2014 was en-
titled “Mobile as a mainstream - towards future challenges in mobile learning”.
On the one hand, the title was meant to give reference to the fact that learn-
ing with multiple and mobile devices is becoming more and more a mainstream
rather than a special interest or special situation. Innovative higher education
institutions are already following the “mobile first” development strategy with
regard to further expansion of the technological infrastructure for learning and
teaching. On the other hand, the title also expresses that there is a need for
the research community to redefine their field in the light of this mainstreaming
trend. Mike Sharples and John Traxler contributed their vision for such a redef-
inition of the field during the keynotes. Besides traditional topics, mLearn 2014
also attracted a number of interesting cross-disciplinary papers in which mobile
learning contributes to addressing the grand challenges of our time. There were
31 individual papers, four posters, three panels (including a plenary panel), and
two plenaries presented at 42 sessions during the conference. The sessions were
organized around the following broad themes:

— Theories and methodologies of mobile and seamless learning in context

— Theories and models for mobile and contextual learning

— Quality assurance of mobile learning apps

— Evaluation of mobile learning support

— Ethics and privacy in mobile and contextual learning

— New technologies and developments in mobile learning

— Wearable and sensor technologies

— Augmented reality for learning

— Mobile seamless learning support

— Toys and smart objects for learning

— Ubiquitous and ambient learning and technology

— Interoperability and standards for mobile learning

— Innovative approaches to learning of current and emerging mobile
technologies

— Adaptive, virtual or collaborative environments for mobile learning

— Instructional design for mobile and seamless learning

— Orchestration of mobile learning

— Mobile learning in and across formal and informal settings

— Open and distance education with mobile devices

— Interaction design and usability for mobile learning

— Mobile learning across cultures and educational sectors

— Challenges for mobile learning in developing countries

— Social empowerment through mobile learning

— Using mobile technologies for development
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— Mobile language learning
— Mobile learning strategies in schools, higher institutions, industry, and
organizations

Geographically, Turkey is a bridge between Asia and Furope. Hence, the or-
ganization of mLearn 2014 in Istanbul was relevant and timely for the promotion
of mobile learning research and bringing together scholars from Asia, Europe,
the Americas, and other parts of the world. Since studies in mobile learning take
place intensively in Europe, the Americas, and Asia, hosting this conference in
Istanbul was ideal to enable people from these continents and other parts of
the world to meet and exchange ideas about the use and application of mobile
learning and mobile technologies in their local contexts.

We would like to take this opportunity to thank all the reviewers, contributing
authors, local organizers, and sponsoring institutions for their support.

September 2014 Marco Kalz
Yasemin Bayyurt
Marcus Specht
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Mobile Learning: An Ergonomic Alternative
for Long-Awaited Educational Changes?

Thomas Petit and Gilberto Lacerda Santos

Faculty of Education, University of Brasilia, Brasilia, Brazil

Abstract. Mobile learning, until now, was often defined and presented
as a learning that could occur anytime and anywhere. However, now we
clearly need to go over this definition if we want to take pedagogical
benefits from this new learning method. In this paper, we present results
of documentary research which demonstrates that the novelty of mobile
learning does not consist in a new educational theory, but more in the
possibility of new educational practices. Thus, we propose a contextual
and technology-oriented framework that takes account of the user’s ex-
periences and interactions in and with the environment of his networked
mobility. The affordances of the handheld devices, and more specifically
smartphones, seem to have an important role to play in this context,
to turn appropriate places and moments of everyday life into learning
opportunities, through which the mobile user become a learner.

1 Introduction

In this early twenty-first century, we are witnessing, more than ever, radical
changes in our everyday life, due to the convergence of two new ages. On the
one side, there is the digital age, characterised by the growth of the digital
technologies, which have invaded our daily activities, from home to work. On
the other side, we are also living in the mobile age, in which the mobility concerns
knowledge as much as people [1].

Nowadays, smartphones are the only devices representing a convergent point
between both our digital and our mobile life. Indeed, these handheld devices, un-
like other mobile and/or digital technologies such as laptops, are not just carried
from one point to another but can actually be used while moving around. Beyond
being the convergence between the digital and the mobile age, the smartphone is
a device that also integrates tools of many other devices: phone, digital camera,
computer, recorder, GPS, and so on.

Accordingly, we consider that mobile learning (mLearning) theory and prac-
tice cannot be identical depending on whether we use a cellphone or a smart-
phone. The affordances of the latter are much more numerous, and offer a greater
diversity of actions and activities than the former. In many countries the smart-
phone market is bigger than the ”regular” cellphones’, and according to the
Unesco forecast it will exceed the sales of computers in a near future [2].

In the next sections of this paper, we present documentary research based
on two sorts of source materials. On the one hand, considering the affordances

M. Kalz et al. (Eds.): mLearn 2014, CCIS 479, pp. 1-14, 2014.
© Springer International Publishing Switzerland 2014



2 T. Petit and G. Lacerda Santos

and the democratisation of the smartphone, we did a literature review on mobile
learning focused on scientific articles from the past few years, which corresponds
approximatively to the appearance of the first smartphone. On the other hand,
we used relevant books written by two great educational thinkers of the past
century: John Dewey and Paulo Freire. Thus, we are attempting to bridge re-
cent mobile learning literature with older educational ideals so as to identify
convergences and innovations.

Finally, from this theoretical dialogue, we propose a contextual and technology-
oriented framework for mobile learning. The main goal of this approach is to
focus on new practices in order to answer a central question: how can a shared
and specific mobile learning theory lead us to long-awaited educational changes?

2 DMobile Learning Literature Review

Though mLearning is a relatively new field in educational research, the scientific
material has grown exponentially since 2010. This material comes from events,
groups, associations, journals, revues, books and so on, dedicated to mLearning.
This proves that it is becoming a considered area on the international education
scene. Our aim, in this section, is to share some relevant informations that could
help us better understand mLearning theory to propose our framework.

According to our findings, we propose a division in two categories: (i)visions
and definitions, (ii)frameworks and applicability. Through both categories, we
are attempting to contemplate two levels of consistency for the bases of mLearn-
ing as a proper educational theory: (i)conceptual and (ii)pedagogical. In this
way, we propose to take a step backwards in the academic literature in order to
present a future-oriented theory that will be in accordance with the development
of new practices from now on.

2.1 Visions and Definitions: Towards a Conceptual Consistency

If there is one difficult thing to achieve, it is defining what mobile learning really
is. Visions and definitions differ from one author to another and many scientific
articles begin with the almost unavoidable question ” What is mobile learning?”.
The definitions have also evolved as technology has progressed. The researches
before 2006, being mostly technology-oriented, were too obsolete to be integrated
in this documentary research. According to Endrizzi [3], mLearning researches
are relatively recent and increased only over the past few years.

In a recent book chapter, Parsons [4] wrote about the ” Top 5 Mobile Learning
Myths and Misunderstandings”, the first one being the famous ”anytime any-
place”. The author says that ”[o]ne of the major affordances of a mobile device
is that it can be brought to use in a specific context, a concept not acknowledged
by ’anywhere, anyplace” (p. 219). It seems that the anytime anyplace vision of
mLearning is, above all, an unfortunate expression used to refer to learning out
of school through digital and mobile devices, to express a dimension of freedom.
Nevertheless, we cannot stay in this mere vision or definition anymore, because
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taking advantage of the smartphone affordances, as much as learning, involves
being in a specific and appropriate context, in time and in place.

A first step to take, in order to define mLearning, would be to distinguish
it from other learning theories [3]. Indeed, although mLearning has similarities
or can integrate elements of eLearning, ubiquitous learning, lifelong learning,
informal learning and so on, it became necessary to highlight what makes it
new, different and, therefore, unique. In 2006, Patten et al.[5] were already in
the vanguard of mLearning reflections to the extent that they pointed out the
necessity of broadening "our own horizons and create new innovative learning
opportunities which would not be possible without handheld devices” (p. 307).
In this regard, Laurillard [6] rightly noted that ”[ijn defining the pedagogies
for mobile learning, it is important to be clear about what exactly m-learning
contributes that is new and different from previous technologies of learning” (p.
154). Nowadays, in the ”smartphone age”, these recommendations make a lot of
sense.

In 2007, Sharples et al. [1] defined a theory of learning in the mobile age as
”the process of coming to know through conversations across multiple contexts
amongst people and personal interactive technologies” (p. 4). This definition,
by its general dimension, did not take into account the new affordances of the
smartphone, which did not yet exist. However, it brought for mLearning the
concept of interactivity. Furthermore, the adapted framework they used in the
same research, as we will see later, is still a good reference.

In their definition, Martin and Ertzberger [7] described mLearning as: ”|...]
learning that occurs when learners have access to information anytime and any-
where via mobile technologies to perform authentic activities in the context of
their learning. Here and now mobile learning gives students the opportunity to
be in the context of their learning and have access to information that is related
to what they are seeing and experiencing at the moment” (p. 77). Accessibility,
authenticity and experience are three important elements. Moreover, the au-
thors already considered the technology users as learners, which means a certain
intentionality of learning in mLearning, with which we agree.

The language area is also helping to define mLearning. With mobile language
learning, for instance, Kukulska-Hulme [8] and Al-Shehri [9] emphasised the par-
ticipation of learners in the design of learning experiences. The first researcher
insisted on the importance of appropriate time and space to help create spon-
taneous relevant support. Similarly, the second author highlighted the context
awareness paradigm that allows an authentic contextualisation of learning. Sur-
roundings represent unlimited situations of authenticity [9].

Finally, a reflection about the technology is central in some visions and defini-
tions of mLearning. Kukulska-Hulme [10] highlighted the differences of method-
ologies and of opportunities according to whether a computer or a smartphone is
being used. According to her, this makes mLearning theory unique, by the con-
tinuity, the spontaneity and the interaction allowed by the use of smartphone.
Cochrane and Bateman [11] also emphasised the affordances of the smartphone
and its influence for contextual learning and the creation of personalised content.
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Thus, we consider in our research that the technology is central to the defini-
tion of mLearning, unlike Ally’s and Prieto-Blazquez’s affirmation that mLearn-
ing ”is not about the technology, it is about the learner” [12]. We believe precisely
that one can not be separated from the other. On this point, Pachler et al. [13],
in their socio-cultural ecological model linking the mobile complex to learning
from the perspective of appropriation, already gave importance to the ”everyday
use of personally owned, multifunctional mobile devices” (p. 11). In the mLearn-
ing theory, we should now assume that our learner is the owner and the user of
a smartphone, familiar and connected with this handheld technology. It is from
this connection that mLearning becomes possible. It is a learning theory about
both technology and the learner, considered together.

Nevertheless, we do not fully agree when Parsons [4] says that learning oc-
curring on mobile devices is necessarily mLearning. In an exploratory research,
Petit and Lacerda Santos [14] demonstrated that the use of the smartphone with
a traditional learning method without taking into consideration the affordances
in specific environments, is not mLearning. In that case, reading a book in a
park would be the same. In other words, the handheld device itself does not au-
tomatically imply mLearning. In this sense, researchers observed that few mobile
applications are taking benefits from the mLearning potential [15,5]. It means
also that the mLearning method is not yet quite put into practice.

2.2 Frameworks, Applicability and Pedagogical Consistency

Most of the time, analysing frameworks results more interesting and less philo-
sophical than the definition’s exploration. The researchers generally offer a con-
crete vision of what they mean by mLearning, and it is easier to identify contexts
of applicability. For our documentary research, we identified three complemen-
tary frameworks that could help us to create our own.

The first relevant framework is the FRAME proposed by Koole [16]. In her
FRAME, as we can see in Figure 1, she showed that mLearning was the final
intersection of other ones between the device, the learner and the social aspects.
This framework is very interesting to the extent that it is neither centered on
the learner nor on the technology, but on both, and on a social aspect. Impor-
tant concepts such as wireless networking, authentic situations and collaborative
learning come from this contextual framework explanation.

The second framework, in Figure 2, were proposed by Sharples et al. in 2007
[1], adapted from Engestrom’s expansive activity model. In this adapted frame-
work for analysing mobile learning, they proposed a superimposition of two
layers that correspond to semiotic and technological frameworks. The layers su-
perimposition considers the subject, the object, the control, the context, the
communication and the mediating artifacts.

One of the most relevant elements of this framework is the dialectical relation
that the authors found between the semiotic and the technological spaces when
applied to an educational context. In the case of a lack of usability in the tech-
nological layer, for example, there are consequences at the semiotic level. More-
over, and it is a very interesting fact, the learner experience is not worthwhile
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Fig. 1. FRAME framework (Koole, 2009)

in a situation of conflict between the technological and the semiotic subject. In
other words, and considering our mLearning vision, there must be a convergence

between the smartphone user (technological subject) and the learner (semiotic
subject) in order to enable a mLearning opportunity.

Mediating artifacts
Tools
{mobile leaming technology)

Signs
llearnmg resources)

Object
Technological
{access to information)
Subject Semiotic
Technological (knowledge and skills)
(technology user) :remse:::;:‘:;ig‘)?:gd skills)
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(learnen) Ll
Control Context Communication
Technological Technological Technological
{human-computer interaction) (physical context) (communication channels and protocols)
Semiotic Semiolic Semiofic
(social rules) (community) {conversation and division of labour)

Fig. 2. Adapted framework for analysing mobile learning (Sharples et al., 2007)

The third framework that held our attention, in Figure 3, is from Kearney et
al. [15]. Its interest lies in the pedagogical dimension, which shows the conver-
gence of three important aspects of today’s pedagogies: collaboration, authen-
ticity and personalisation. This convergence is enabled through the use of space
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and time. However, by giving priority to pedagogy rather than technological
affordances, the authors are missing out the dialectical relation highlighted in
the previous framework. How can learners collaborate in an authentic context
with personalised content, in a mLearning situation, without the technological
affordances of the smartphone? We cannot leave out the affordances and must

try to find in them pedagogical applications, like Cochrane and Bateman [11]
proposed in their research.

o
2
=
w
z
3
2
F]
]

Fig. 3. Pedagogical framework (Kearney et al., 2012)

These three frameworks, as we can see, are very complementary. They show
us the intersections, dialectical relations and convergences between contextual,
technological, semiotic and pedagogical dimensions. We believe that the mobil-
ity should be more central, following the example of the use of time and space
in Kearney et al. framework [15]. In many articles the mobility is a polemical
concept, the authors wondering if it concerns either the device or the learner.
According to Kukulska-Hulme [10], both device and learner are affected by the
mobility. As we said in the introduction, a device such as a smartphone repre-
sents exactly the convergence between the mobility and the digital. It is also in
accordance with Sharples et al. [1] who spoke about ”networked mobility”. In
fact, this expression should be at the heart of mLearning theory, because we are
not being mobile alone, we are being mobile in networked spaces and moments,
characterised by historical changes and evolutions.

3 Dialogue with Dewey and Freire

John Dewey and Paulo Freire, for their important contributions to the educa-
tion area over the last century, are often mentioned in educational researches
in general, and in mLearning researches more specifically. In this documentary
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research, our aim was to establish a real dialogue between them and the elements
of our literature review. This dialogue sometimes began from the mLearning
theoreticians themselves [1].

With this aim in mind, we used the four following books: Experience and
Education [17] and Democracy and Education [18], of the American Dewey;
Pedagogy of the Oppressed [19] and Pedagogy of Autonomy [20], of the Brazil-
ian Freire. In each of the four books, considering the previous literature review,
we attempted to categorise elements that could represent convergences between
the mLearning theory and the pedagogical and social ideals of Dewey and Freire.
Thus, we could highlight three main dimensions: (i)considerations of everyday
life environments, (ii)democratisation and freedom for designing learning expe-
riences, (iii)intercommunication and collaboration in community.

3.1 Considerations of Everyday Life Environments

One of the most obvious convergence between mLearning theory and Dewey and
Freire ideals for Education is the importance of considering the learner everyday
environments. These environments, according to Dewey [18] can be either social
or natural. In the early twentieth century, John Dewey already asked for a more
progressive educational system in which a concrete application of knowledge in
ordinary life was essential. To him, it was more a question of doing than learning,
a question of bridging school aims with ordinary life experiences in natural and
social environments.

In Freire’s work, the social environment contains undoubtedly a political di-
mension of education. Like Dewey, he suggested that we should integrate the
learner daily life and environment into the school system [20]. Learning outside
of school, according to him, represents informal experiences that are important
to be considered in the educational process. We learn from the reality of our or-
dinary life, and we can carry elements of this reality to the learning community.
The balance between informal and formal learning is also an important criterion
for a new philosophy of education according to Dewey [18].

The consideration of daily environments for the learning process involves
spaces and moments. We should take into account these elements when defining
aims, subject matters and activities. Effectively, ”[t|here is also an inclination
to propound aims which are so uniform as to neglect the specific powers and
requirements of an individual, forgetting that all learning is something which
happens to an individual at a given time and place” [18] (p. 8).

The different environments involved in the learner’s mobility are a part of the
contextualisation and personalisation of learning. It is a mobility in moments
and spaces, hence the importance of history and geography [18]. In this sense,
Freire affirmed that ”the world is not, the world is being” [20]. We are not in a
static reality, but in a reality in transformation, in which we are immersed in a
"here and now” dimension as historical human beings [19].
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3.2 Democratisation and Freedom for Designing Learning
Experiences

Democratisation and freedom are others key components in the design of learning
experiences. In the mLearning theory, learners should be active in this design.
Freire [19] elaborated a pedagogy of the oppressed in opposition to a banking
concept of education, in which the learner is passive. According to the author,
in a more democratic and emancipating education, human beings should be
creative, active and inventive individuals.

With democratisation and freedom comes the question of content creation.
By content, we refer to input as much as output and outcome. Freire gave im-
portance to the input. He showed that in the banking education, it is determined
by the educator and only received passively by the learners. This approach min-
imises the creative power of learners. On the contrary, a pedagogy of freedom
would let the learner propose his own input to the community directly from
his daily environment. We are talking about participatory education in which
the learners could collaborate in the design of their learning process [17]. In
mLearning theory, some authors refer to this as ”ownership” [13,6].

Creating material and content means, consequently, praxis. It is a key con-
cept in the works of both Freire and Dewey. The American thinker connected
the experiences of ordinary life with the possibility of resources, essential input
and material of thinking [18]. An intimate relation with the input would lead to
outputs and outcomes, through decisive elements in an educational process: aim,
subject matter and activity. According to the author, learners are persons con-
cerned in the outcome, so we must be ”partakers in the process which produces
the result”.

In his democratic vision of education Dewey made experience a central point.
However, depending on its quality, all experiences are not educative, according
to him [17]. Experience is constituted by two fundamental principles in Dewey’s
work: interaction and continuity. Besides, he assumed that education is a social
continuity of life, so it makes sense to connect education with experience. It
is also a question of interacting with the environment. ” The environment, in
other words, is whatever conditions interact with personal desires, purposes,
and capacities to create the experience which is had” (p. 44) [17].

Learning by doing means also doing with things. Dewey’s words about ac-
quaintance and familiarity with objects are indicative of the potential of today’s
smartphone affordances: "Having to do with things in an intelligent way issues
in acquaintance or familiarity. The things we are best acquainted with are the
things we put to frequent use - such things as chairs, tables, pen, paper, clothes,
food, knives and forks on the commonplace level, differentiating into more special
objects according to a person’s occupation in life. Knowledge of things in that
intimate and emotional sense suggested by the word acquaintance is a precipitate
from our employing them with a purpose” (p. 185).
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3.3 Intercommunication and Collaboration in Community

In considering the natural and social environments of learners, in which they have
experiences and a certain freedom for acting in a democratic space, we cannot
forget the concept of community. Indeed, both Dewey and Freire gave impor-
tance to the collective dimension of learning. Men possess things in common by
communicating, and it is through these things that they shape a community. It
is a question of common aims, knowledge, beliefs. [18].

The authors highlighted the intercommunication between men in an edu-
cational process. Intercommunication is a way of mediating authenticity from
reality, according to the Brazilian thinker. Human beings educate themselves
together, in communion, through the mediation of the world [20]. The intercom-
munication is, in Dewey’s vision, an active connection between members of a
community, and from which one has the opportunity to learn from others. Be-
sides, through the social environment, therefore the community, activities are
shared between people [18].

Today, the Dewey and Freire ideals that we are pointing out in this docu-
mentary research are even more important than at the time of their expression.
In fact, we are in a society more and more mobile, more and more connected,
and people belong to several communities. We are increasingly active, creative
and involved as people, and it is logical that we cannot stay in the traditional
concept of education. However, it is hard to leave this old model.

It is obvious that there are several convergences in the dialogue between
mLearning theoreticians and Freire and Dewey. Ideals and convictions of last
century remain the same today, and mLearning community is clearly influenced
by them. Until now, the learning theories based on the use of digital technologies
did not succeed in the great mission of changing educational paradigms. How-
ever, we saw in the literature review that, from the convergences with twentieth
century ideals, there could emerge a new ergonomic alternative with the "new”
devices that are the smartphones. Its affordances could allow more free actions
to the learners in their ordinary life environments and in their community, to
enhance learning opportunities.

4 Contextual and Technology-Oriented Framework

The framework represented in the Figure 4 is the result of the dialogue es-
tablished earlier, through the documentary research, between contemporary re-
searchers in the mobile learning area, and John Dewey and Paulo Freire. Is is
a contextual and technology-oriented framework that situates learning opportu-
nities according to experiences and interactions in specific spaces and moments,
enabled by people’s networked mobility.
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Fig. 4. Contextual and technology-oriented framework for mobile learning

4.1 Networked Mobility

The first layer represents the networked mobility, fundamental element of the
framework. That means literally that, without networked mobility, there will not
be situations of mobile learning. We want to demonstrate that mLearning is a
new and unique learning method, which is not at all the same as studying with
an exercise book in a park or at the library with a laptop. Having a networked
mobility situation involves three basic elements: the user, which owns a handheld
device and interacts with his - natural or social, physical or virtual - environment.

In covering the three aspects of the FRAME [16], we open the environment
out to more than a purely social aspect. Moreover, we show that the user cannot
be separate from his handheld device, considered as a familiar thing on the com-
monplace level, according to Dewey. The device - which is not only mobile but
above all handheld - is, besides, in the center of this technology-oriented frame-
work. Nowadays, the handheld device at the same time more evolved and more
democratic would be a smartphone, reason why we focused on this technology
in this paper. But we preferred the term ”handheld device” for the framework,
because finally the most important is the affordances it allows; and it is possible
that in few years many people will be using other kinds of handheld device, such
as digital eyeglasses, offering even more affordances.

The handheld device, then, is a mediation tool for the user’s experiences and
interactions in and with the environment. From this interactivity, in an everyday
life situation, the user realises acts according to the affordances. We suppose that
the convergence between affordances and actions, in addition to take place in
this whole context, is also in relation with a specific activity, either formal, non
formal or informal.
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4.2 Specific Spaces and Moments

The second layer completes the first one in order to make the framework con-
textual. Indeed, even though the network mobility is essential, we cannot forget
that a specific space and moment is needed to create a learning opportunity.
Furthermore, it is difficult to learn while being physically in motion [4].

This layer represents, above all, the converging point between the technolog-
ical and the semiotic subject [1]. Actually, it is the specific space and time in
which the smartphone user will be able to become a learner. In that sense, the
environment becomes a learning resource (input) mediated by the use of smart-
phone. As Parsons underlined, it is a question of capturing a learning experience
in the field [4].

To this input will correspond an output produced by a user/learner with
specific aim(s), in a community, from an experience in or with the environment,
in specific time and place, and through an action enabled by the smartphone
affordances. Laurillard [6], in her Conversational Framework, emphasises the
peer collaboration, showing that it can be motivating for a learner to share his
output and to reflect on it with peers.

We can observe that three aspects - learner, input and output - are situated
at the limit between the second layer and the learning opportunity layer. After
all, like in the FRAME, it is a question of intersections [16]. The dialectical
relation between the two first layers generates a social learning environment,
which represents a considerable help for the learner [6]. In this environment where
networked mobility and specific space and time merge, a learning opportunity
can take place.

4.3 Learning Opportunity

In this layer, we prefer the term ”learning opportunity” to ”learning” because
we cannot affirm that learning will be effective. We agree with Dewey who said
that not every experience is educative.

The learning opportunity involves a user/learner belonging to a community.
Thus, as we discussed before, he can share or receive output(s). Moreover, the
initial input coming from the environment can be integrated by the learner and
lead to an output, but it can also be directly the output, depending on the
activity and the interactions in and with the environment and the community.

In concrete terms, anyone in the community can ask me to explain what
a specific foreign word means. My answer can be a concrete element of my
environment. I can take a picture of this element that would be an input coming
from my surroundings turned directly into an output for my colleague. In that
case, it would mean that people can learn from the context of mobility of other
people. Hence the importance of networking, and not only mere mobility. In
other cases, following the language learning example, I can be the one who has a
doubt about what a specific thing of my environment is. I can make pedagogical
use of this input, and maybe share it (taking picture of this thing), as a starting
point that will lead me to produce an output (a question, for example) to be
shared by the community.
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In this layer there is another aspect, the outcome, which is also at the limit of
our contextual and technology-oriented framework. Indeed, we consider that this
outcome of a mobile learning opportunity can be situated at the intersection with
other learning situations. If the outcome/result of our framework, for example, is
from an informal situation, it could be integrated later into a formal environment
like school. Besides, the framework could actually take place in the school, which
is, after all, a everyday life context, part of students cultural practices [13].

The continuity of education and of mobile learning allows precisely the tran-
sition between formal and informal contexts [6]. It is the reason why we did not
include in this framework the formal and informal aspects. Formality or infor-
mality can concern either the context or the activity, but are not determinant in
making mLearning a different theory. Moreover, we agree with Sharples et al. [1]
when they say that ”education in the mobile age does not replace formal educa-
tion” and that ”rather it offers a way to extend the support of learning outside
the classroom, to the conversations and interactions of everyday life” (p. 23). We
cannot deny, actually, that mLearning is a good possibility to finally integrate
the non-formal and informal learning experiences in the formal education.

5 Issues for Mobile Learning: A Theory Facing Ahead
and Focusing on New Practices and Technological
Perspectives

This documentary research showed us that mobile learning is not really a the-
oretical novelty in Education, and that the innovation does not really consist
in this point. Several convergences were found between main pedagogical ideals
of 21st century mLearning theoreticians and 20th century educational thinkers,
John Dewey and Paulo Freire.

Since the beginning of the twentieth century, traditional and progressive edu-
cation have been in a perpetual conflict. The integration of digital technologies
in learning and teaching contexts, especially the computers, until now did not
lead us to the development of new practices. On the contrary, these technologies
are often used in a traditional way, which shows us that the method necessarily
should progress together with the medium.

With the mLearning method, we are facing a major new opportunity for
change. It is not a question of the integration of technology in the learning
process anymore; it is about integrating learning process in the daily use of
technology. We can take advantage, maybe for the first time, of a networked
mobility, based on the relationship between the user, the smartphone and the
environment, to promote the educational continuity in everyday life experiences.

The insertion of mLearning method in formal education is an attractive idea,
but it also represents a challenge. We know from Dewey that all experiences
are not educative, and Pachler et al. [13] rightly reminded that everyday life is
structured by elements like marketing, entertainment or fashion, that don’t really
belong to the formal education world. In order to make informal everyday life
experiences worthwhile, we should try to focus on non-formal learning activities,
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which envolve intentionality, awareness, and more control and more ownership
among learners.

Starting from our contextual and technology-oriented framework, we argue
that our efforts in the future should be concentrated on new practices through
the development of technological support. From this documentary research, we
conclude that mobile learning is an ergonomic alternative for long-awaited edu-
cational changes, and that actual handheld devices affordances are showing us
the way to these changes.

Future works should contemplate the development of smartphone applications
that could fit in the specific space and time layer, in order to bridge networked
mobility with learning opportunities. Actually, which applications allow us, to-
day, in an appropriate time and space, to create a learning opportunity, in com-
munity, from the smartphone affordances? Social networking applications seem
to be the few ones available.

In order to enable and, perhaps, bridge non-formal and formal learning oppor-
tunities, we need applications which are more pedagogical-oriented, that could
benefit from affordances of today and future handheld devices. Ergonomic studies
in specific didactic areas should contemplate this issue, with a specific attention
paid to interactivity, central point in a networked mobility situation. A new
kind of education is undoubtedly possible and we believe that a mobile learning
theory looking ahead could have a role to play in the current transition.
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Abstract. In this paper we present how mobile learning (mLearning) can be
personalized/adaptive via the use of the declarative approach in order to be
adapted with the Algerian context.

The background to this work is mLearning progress in Algerian society,
based on several areas such as the socio-cultural, institutional, historical, epis-
temological, pedagogic, linguistic, infrastructural and demographic context.

This context allows us to think about introducing the mLearning concept to
Algerians, especially students, by developing a mLearning platform after the ar-
rival of 3G technology in 2013. We have chosen PBL as an active pedagogical
strategy to be implemented with a mLearning platform.

In Algeria, due to the diversity known in many fields, the personalization of
the PBL model has become indispensable and vital. That is why we propose in
this study an architecture that shows the relationship between the adaptivity,
mobile ontology (mOntology) and the reuse of declarativity approach results in
order to design an Adaptive/Personalized Virtual Document (AVD) for an insti-
tutional strategy model (the PBL model) based on the diversity of the Algerian
context (learners, learning needs, languages, cultures, society constraints, infra-
structure needs...).

Keywords: Algerian context, Adaptivity, Adaptive/ Personalized Virtual Doc-
ument, mLearning, mOntology, Declarativity.

1 Introduction

Currently, the use of Information Technologies (IT) in the education environment has
become one of a means to providing a more flexible learning experience in both ad-
vanced nations or underdeveloped ones.

The Algerian education system is trying to enhance learning quality by introducing
some mechanisms and providing a robust infrastructure that allows a major innova-
tion in the learning/teaching processes compared to the traditional one, mainly Inter-
net-based technology applications.

eLearning was the first trend of the modern education environment with the devel-
opment of various eLearning platforms that: /) encourage the collaboration between

M. Kalz et al. (Eds.): mLearn 2014, CCIS 479, pp. 15-28, 2014.
© Springer International Publishing Switzerland 2014
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didacticians and computer scientists; 2) give the opportunity to create a support sys-
tem for several instructional approaches, such as the Project-based learning as one of
the active instructional strategies; 3) can also be designed for confronting complex
issues, which require students to investigate for a more thorough understanding [1].

In addition to the extension of eLearning into wireless, mobile, portable and hand-
held computing devices with the help of mLearning, which encourages researchers
and developers to integrate the pedagogical strategies models with mLearning plat-
forms, the personalization/adaptivity has become a vital and critical concept in the
competitive world of Internet-based application.

In Algeria, the recent arrival of 3G technology, to be followed by 4G, is timely and
a significant enabler for a new phase and a major qualitative leap aimed at overall
reform in the use of Internet based-technologies and the benefit of the progress that
knows the telecommunication market. However, such a technological leap faces a
number of barriers and obstacles.

It is in this context that this work investigates the level of preparedness of Algeria
to succeed in meeting this challenge. Worth noting however that it was not easy to
carry out such an investigation due to the scarcity of related information. We did in-
deed find that the diversity is the general character of the Algerian society in almost
all fields of life (historical, geographical, demographical, social-cultural, epistemolog-
ical, linguistic, institutional...). This diversity led us to think seriously about the con-
cept of personalization/adaptivity of the various Internet based-applications and not
just those destined for mobile devices.

Currently, we identify the need for a mobile ontology that describes semantic mod-
els of the domains, respects the good management of tasks sequence and allows the
development of a mLearning platform characterized by its flexibility in consulting
and managing documents.

Based upon the existing work such as CANDLE' and ICCARS? that relies on a
declarative approach that consists of ontologies and composition engine (Selection,
Organization and assembly Processes), we have reused these projects results, made
changes if necessary in order to propose a mOntology which is composed of four
main subOntologies: domain ontology; application ontology; user model and metada-
ta model and finally described the specifications of the Adaptivity process (composi-
tion engine & Adaptivity Strategies).

First of all, a background study of Internet and mobile technologies used in Algeria is
presented. Secondly, the combination Adaptivity & mLearning is the focus of the study
including the adaptivity principles and the concept of Adaptive Virtual Document. Third-
ly, we focus on the relationship between declarative approach and ontology. Fourthly, a
description of our proposed architecture will be presented, which is somehow simplified
because of the page limit condition. We start as claimed by our ontology design which is
consisted of four subOntologies (domain ontology; application ontology, user model and
metadata model). Thereafter, the specifications of the Adaptivity process is described
including the composition engine which is composed of three main composition
mechanisms: logic, semantic and layout composition. Next, the different adaptivity

! Integrated and Cooperative Computer Assisted Reporting System.
% Environment Integrated and Cooperative Computer Assisted Reporting System.
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strategies (annotation, direct guidance, tri and masking strategy) are mentioned with
some examples. Finally, we will conclude by some perspectives.

2 Research Background

2.1  Algerian Context

The arrival of 3G technology gives an opportunity to Algerian researchers and devel-
opers to think about new research topics and applications which are adapted with such
technology. But before that, they must take into consideration some constraints that
can be the basic of an investigation about mLearning in Algeria. However, we have to
mention that it was not easy to do such study because of the lack of information; nev-
ertheless, we have tried to give a general vision of the mLearning situation in Algeria.

Algeria as the Africa's largest country by area (2,3 millions km?), with its diversity
of landforms (coastal, internal, mountain and desert cities... ) may have some diffi-
culties to construct a strong infrastructure that provides a good Internet connection
mainly in the desert cities (about 84% of Sahara) and rural mountain cities.

Nonetheless, the level of ICT integration is still ongoing and at its early stage. For
example the program aiming at providing access to ICT through the Computer for
Every Home Initiative was launched in 2003 [2].

Algeria has a population of more than 34 million (69.5% aged 15 to 64 years) with
a gross domestic product (GDP) per capital of USD 3,968 in 2007 [4].

It turned out through a specific study that participants (Internet and ITC users) en-
joy a higher level education. The majority holds undergraduate degrees, with a rate of
64.79%, followed by holders of university Magister and PhD with a rate of 16.9%,
followed by lower degrees (Higher National Diploma/Certificate level) with a rate of
9.86% and end, the students and others with a rate of 8.45%. Internet is therefore
accessed by all classes of different educational levels. [4]

Another study on ITC and Internet using, demonstrated that officials have largely a
rate of about 46.48% due to the availability of Internet access points in their
workplaces. It is important to know that education in Algeria comes in second posi-
tion with a rate of 35.21%, of which 21.13% are teachers and 14.08% are students.
This category uses the Internet in search of the literature. [3]

On other hand, regarding the Internet connection methods in Algeria, a study
shows that there are three crucial categories: /) the classical and least costly one,
which leads with a rate of 78.87% of users. It is usually done by the bias of a tele-
phone line; 2) the connection lines connected to specialized CERIST, with a rate of
11.27% of users. It is generally used by the public sector; 3) the use of both connec-
tion types at the same time, with 7.04% of users.

Table 1 provides a snapshot of the state of Internet access by all social classes
about their age in Algeria’. [4]

? In Algeria, a study revealed that most of the participants (ITC and Internet users) whose age
is between 16 and 55 are male (82% men 18% women). The average age is 33 years.
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Table 1. Internet Access by Users Age in Algeria

Age Rate
15 to 20 8%
21 to 26 14%
27 to 32 28%
33 to 38 25%
39to 44 15%
45 to 50 7%
51to 56 1%

As a snapshot of the socio-cultural state, Algeria is known by its cultural diversity,
which caused languages diversity: 80% to 90% of the population speaks Arabic lan-
guage as a mother tongue; part of the population (Kabyle, Chaoui, Mezab and Toua-
reg) speaks Amazigh. Besides that, on account of some historical raisons (French
colonization of Algeria), the French language has a large part in Algerian daily life
(communication, administration, learning, media,..), without forgetting English as a
science language which knows a surge in using and learning over the last years.
Studies about the linguistic preferences of Algerian Internet users shows that the
French language ranks first with a rate of 60%, followed by English with 34% and
then 6% for other languages, with rates approximately close. [3]

But in our opinion, the most targeted category will be the illiterate one, because
they can neither read nor write. Other category is people that are fluent in Amazigh
language for example, they could not use it in their SMS because the mobile phone is
not equipped with Tifinagh, the Berber alphabet, and this makes them feel isolated.
Here, we have to mention that “the Berber language has not been written - until fairly
recently - except as short inscriptions on monuments” [5], that is why many Amazigh
speakers use Latin or Arabic alphabetic as a transliteration. The Amazigh language
researchers are progressing in their project to make Amazigh dialect into a complete
language which can be learned in all educational institutions (it has been learned in
primary school since 1995). This progress must be accompanied with a parallel one of
technologies that allow the easy use of Amazigh language (keyboards with Amazigh
letters, applications with language preferences (Arabic, French, Amazigh and Eng-
lish); development of Amazigh learning platforms...).

As solutions, we suggest the following ones:

e To use the Wi-Fi Internet connection of mobiles: in order to solve the infrastruc-
ture weakness due to the difficulty of topography. (3G technology)

e To bring education to home without moving to institutes: in order to help learners
(mainly girls, workers, special needs categories) to complete their education and
learning process whatever the complication of their situations.

e To encourage the evolution of the integration of mobile applications culture in
Algerian social life (mLearning, mBusiness,...), especially that the majority of so-
ciety categories possesses a telephone mobile even illiterate ones.
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e To enrich the applications with specific functionalities such as: voice-based appli-
cations, videos, voice-mails, in order to allow illiterate enjoying using their mobile.

e To benefit from the experiences of countries that have preceded us in this field; For
example some neighbor countries have making a first step in developing and using
mobile applications in the people’s daily life such as Morocco which has interest in
building some mLearning projects as ‘MobiMOOC’ with a wide range of interests
and approaches, resulting in collaborations across countries and even continents
[6]. In South Africa, ‘Mxit’ is an instant messaging servicing available on 3,000
different cell phones including relatively low cost feature phones; ‘Dr Maths’ is
one of the most innovative applications available on Mxit [7]; ‘DFAQ’4 tool with
its SMS version that was first used in 2005; The Nokia Mobile Mathematics
project is possibly one of the most thoroughly researched mEducation tools in
South Africa [7]. In Asia, China is making the largest mLearning market; In In-
dia, there is the opportunity of mobile applications market emerging according to
the growth of many industries including banking, commerce, entertainments, in-
formation, mEducation...[8].

Showing how Mobile technologies are developed in such sub Saharan countries as
South Africa and large in area as China or India, gives us hope to success in increas-
ing the robustness of our infrastructure in order to contribute in real mobile technolo-
gy revolution in Algeria, mainly the new trend which is the mLearning.

2.2  Why the mLearning?

In Algeria, the Distance learning is the most popular form of learning, but recently,
the eLearning is taking part in Algerian educational culture which encourages the
CNIIPDTICE’ to announce that the year 2011 was the one of digitisation for the
sector of Education mainly in the primary school.

In Algeria the program of ICT training (Basic ICT, Intermediate and Advanced
training) for teachers has been limited to basic information, with most receiving 30-
60 hours of training. Although 100% of secondary teachers and 60% of middle school
teachers received the basic ICT training, this has to date very little impact on the qual-
ity or method of delivery of education in the classroom. [2]

In 2005, the creation of CERIST® project with a Web Review as the only provider
(ISP) before market Liberalization, but now there are 71 ISPs and 11 providers of
Voice over Internet Protocol (VolP) services. [9]

Other projects were lunched to enhance the ITC technologies in Algeria, such as:

The education project Academic Research Network (ARN) which connect more
than 75 institutions; Virtual Library for Human and Social Sciences provides 30 Alge-
rian university libraries with human and social sciences information; Sidi Abdellah
Cyber Park as IT nodes to provide technological support; Wikaya Net as a portal
which offers alerts about viruses and warms [9].

* The Dynamic Frequently Asked Questions.

3 National integration center for educational innovation and development of information tech-
nology and communication in education.

6 Scientic and Technical Information Research Centre.
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On the other hand, the users (98% institute students have a telephone) are increa-
singly mobile [10] and with the arrival of 3G technology, the problem of Internet
connection will be solved, so thinking in other new learning forms is more possible.

And moreover, more than 50% students pass more than 40% of their time apart
from the classes or lecture theaters and want to be able to reach their information
systems whatever the place where they are [10], for example, the students have a dead
time due to university transport which must be taken advantage of.

The mLearning as an educational strategy can solve many of those issues, as it
provides a learning process via handheld devices, anywhere and anytime, moreover it
facilitates the teaching task and may change the behavior of some teachers towards
the use of mobile device at courses (generally they think that it is a lack of respect and
sometimes the user will be punished).

Recently, the national market for mobile telephony is growing steadily every year.
According to the latest statistics provided by the Regulatory Authority for Post and
Telecommunications (ARPT), Algeria intended to the end of November 2011 some
35.2 million subscribers.[11] For raising awareness, some special events have been
organized mainly after the arrival of 3G in order to encourage the development of
mobile applications such as: the International Exhibition of Information Technology
‘Med-IT[12] which has started from 2004, but this year, in its 11" edition, it organiz-
es a competition that will promote the development of mobile applications in Algeria,
in order to encourage the integration of this new trend of technology in both Algerian
social and market.

Finally, The mLearning with its characteristics (anyone, anything, anytime and an-
ywhere principles) may be an ideal solution for all this several issues. We have to
notice that Algeria may have the potential to create a strong market for mLearning,
mainly after the arrival of 3G and soon the 4G, which heats up the Algerian mobile
services market. This is an indication of its growth despite not at a very rapid pace,
but from now one, the mobile devices technologies, applications, platforms will be
also quite strong in Algerian society with its diversity in many life field.

That was a short description of the causes that led us to decide the fact of necessity
to collaborate the adaptivity concept with mLearning world, described in the follow-
ing section.

3 Adaptivity and Personalization in Mobile Learning

Mobile learning can have as a definition: learning delivered or supported solely or
mainly by handheld and mobile technologies such as personal digital assistants
(PDAs), smartphones or wireless laptop PCs [13]. The mobile learning has several
features such as: it enables the convenience since it is accessible virtually at any time
and from anywhere with wider access; it offers various technologies for special needs
in a special education process, it allows learners to achieve collaborative tasks and
build knowledge in different context; it encourages learners to be more courageous,
engaged, autonomic and having more fun in their learning process.

Adaptivity and personalization concept in mobile learning systems refers to the
process of enabling the system to fit its behavior and functionalities to the educational
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needs (such as learning goals and interests), the personal characteristics (such as
learning styles and different prior knowledge) and the particular circumstances (such
as the current location and movements in the environment) of the individual learner or
a group of interconnected learners [14]. Next, we list some adaptivity principles pro-
posed by Garlatti and Iksal.

4 Adaptivity and Personalization Principles

The general framework proposed by Garlatti and Iksal is based on these principles:

The user should make a request to the software module through several tasks, such
as filling out a form or clicking on a hyperlink for example, which enables the soft-
ware module to extract retentive data characterizing the user (knowledge, preferences,
goals, interests etc...), called user profile. Using it, this module could select a subset of
resources and then compose them in order to provide a document or a web service as
a response to the user request.

In this context, the semantic web and in the framework of the adaptivity and perso-
nalization can help the user and this can be done using steps 1, 2 and 3:

1 The user request must be adapted to his needs by proposing appropriate terms to
the context of the user task, for example;

2 Search and filtering relevant resources from the user request and profile, by re-
ducing the resources space to those, which are appropriate to the request constraints
or user needs including his profile of course;

3 Composition of Resources: this step should be released after being selecting the
relevant resources, which must be organized to be presented to the user.

This organization is the result of the application of rules of composition that can
take the form of an implicit structure (e.g a calculation result) or an explicit structure
(e.g a task model) to allow a good document/service organization and orientation that
serves as a support for the navigation and understanding. At this level, it is possible to
adapt/personalize the organization, content, modes of interaction and presentation of
services or documents.

Adaptivity/personalization in the Semantic Web can support the following areas:
adaptive hypermedia, user modeling and adaptive virtual documents that we will de-
fine in the next part.

5 The Personalized/Adaptive Virtual Document

A virtual document can become adaptive virtual document in case a user can adapt /
personalize the real document produced in accordance with its needs.

One of the several existent definitions of AVD is: an adaptive virtual document
consists of a set of information: fragments, ontologies and a composition engine
which is able to select the relevant information fragments and to organize them ac-
cording to an overall document structure by adapting various visible aspects of the
document delivered to the user. [15]
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We should note here that a fragment can be either atomic or abstract, whereas the
first type is non-decomposable information unit, which may be a constitute element
for the second type, in addition to other abstract fragments and one or several organi-
zations for these fragments.

What we use in the process of the content adaptivity, is the variant fragments that
can be defined as follow: two fragments that have the same content description but
other different characteristics, either the type (abstract or atomic), the target audience
type or the media used (video, audio or text...).

Further, the set of fragments, which are used to be chosen by the user, will consti-
tute the document information space. This one can be organized depending on reading
strategies (Author-oriented strategy’ or reader- oriented strategy®).

All of this relies on a general structure that allows the reuse of generic documents
and it builds on a declarative approach which is defined next.

6 The Declarative Approach

A declarative approach allows the reuse, by other systems, of abstract fragments and
generic documents, designed by the authors. Also, it enables the use of models as
operating parameters. Its principle is to facilitate the creation, modification, sharing,
reuse and exchange of all or part of generic documents, because it allows the author to
modify the documents specification without questioning the other steps of generating
the real one.

This approach is based on the three different views of a digital document: seman-
tic, logical and layout, whereas each view has a specific structure organizing it.

The semantic structure of a document conveys the organization of the meaning of
the document content. The logical structure reflects the syntactic organization of a
document (for example books are organized into chapters and sections). The layout
structure describes how the documents have to appear on a device. [15]

Indeed, an ADV is based on two inseparable main steps: the specification and the
composition of the actual document, whence the ADV specification is set of neces-
sary information for the system to compose the document and reciprocally, that step
obviously depends on the principles used in the composition which is intended for the
construction of a real document from a specification and personalization constraints

Consequently, specification and composition are somehow two sides of the same
coin, and they cannot be conceived without each other and form an indivisible whole.

For that reason, a composition engine was proposed by Garllati and Iksel with an
architecture based on three processes: selection, organization and assemblage process,
and it relies on the combination of the precedent three structures (semantic, logical
and layout). The composition engine has as main feature, the possibility to be reusable
in various contexts, by making just some modifications to change the context.

7 A narrative structure defined by the author in order to present a point of view, or to shed a
special light on a set of fragments.

8 An organization of all fragments defined by the author and calculated according to the reader
objectives.
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The aim of the semantic composition engine is to compute on the fly an adapted
document. The adapted document consists of a set of selected fragments linked by
semantic relationships. The logical composition engine browses the adapted docu-
ment and computes for each node an XML web page with content and navigation
tools. In navigation tools, links have properties for managing adaptation. The layout
composition engine generates an HTML page from the XML web page. Adaptation
processes take place in the three engines [15]. In the next part, the relationship be-
tween the two concepts declarativity and ontology is described.

7 Declarativity and Ontology

As we have noticed, the composition architecture is based on ontologies, so the ontol-
ogy may be considered as a support of the declarativity concept. This architecture is
composed on four ontologies: application ontology, domain ontology, user model and
metadata schema. Thus, its principle is as follows:

a. via the document model which represents a narrative structure defined by the
author and the information space (fragments types and their relationships), the com-
position engine generates a real document;

b. from the application ontology, we are able to regroup the document model plus
the author know-how (fragments types and their relationships),

c. from semantic metadata, some of which take their value in either the domain or
the application ontologies, it will have an indexing information fragments placed in
the narrative structure, which is represented by a directed graph whose nodes contain
specifications to find these pieces of information,

d. from a user model, a personalization of content is made by means of filtering
process. The user model allows the system to know the preferences and knowledge of
the latter, expressed in terms of the domain model. In what follows, we describe the
outline of our architecture.

8 The Architecture

In our framework, we are interested in reusing the results of Garlatti and Iksal pro-
posed approach, by changing the ontologies according to our context (based on: /)
language diversity mainly Amazigh languge; 2) learning resource diversity as voice
based applications, videos or voice mails for example to solve the illiteracy issue...).

In our context, the adaptive virtual document is destined for reader-oriented strate-
gy, and our reuse is in accordance with our three main domains, which are mLear-
ning, PBL strategy and semantic web. So our four ontologies will be based on their
special features. Besides that, the specification of the adaptivity process will be in
conformity with these changes. First, we describe the four ontologies then specify the
adaptivity process as follow.
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8.1 mOntologies

Domain Ontology. This ontology represents all the concepts of the application do-
main (education, pedagogy, networks, mobile technologies...) and the relationships
between these concepts, as it represents knowledge about a particular domain (such
as: 1) the PBL crucial resources could be courses elements; 2) users represented either
by learner, admin or tutor; 3) presentation, planning, communication or redaction
resources such as the keyboard with Amazigh alphabet) and offers opportunities for
these knowledge reasoning.

Application Ontology. This ontology has as a goal to achieve provision of a specific
design of user’s tasks in a global document structure that organizes the access to in-
formation and defines Human Interface. Also, the application ontology is based on
describing the author know-how, in order to specify a generic document, which is one
of the main declarative approach results.

Metadata Schema. In this schema and through the adaptive virtual documents, the
fragments indexation has been able, such as the metadata structuring which makes
the information search more efficient and accurate, as it allows a more effective use of
the resource. The main class in this model is presented by the Resource class which
may include information about the resource in terms of use such as its physical loca-
tion, file format, etc. It can solve the learning resources diversity mainly those des-
tined for the illiterate categories by the capacity of including several resources with its
more effective use.

User Model. This model is a formal representation of the user characteristics to facili-
tate the task of adapting/personalizing a document that requires the availability of the
user information due to the diversity of objectives, preferences and knowledge of each
one as well as different expectations of the documents that are provided. The appro-
priate user model in this study is the stereotype, which is a generic model that
contains the most representative characteristics of individuals group or class (e.g lan-
guage preferences: Arabic, French, English, Amazigh; user type: novice, interme-
diate, expert). The choice of stereotype can be justified by its ability to model the
users and allow them to change their information within a certain limit.

As illustrated in fig.1, the four ontologies can be regrouped by several inter-
relationships as follow:

8.2  Specifications of the Adaptivity Process

To adapt a document to a reader means to provide him with adequate navigation
marks and a set of information and an organization that are pertinent to him, in order
to maintain the semantic consistency of the document. [16]

After the design ontology step has been achieved we can pass to the second one
which is the specification process in the semantic engine as illustrated in the figure2:



Declarative Approach for Adaptivity and Personalization in Mobile Learning

Class hemrarchy | Chaes himnsechy (nfered)

25

[ 'I'hlng
Classification ot oo
2 Lewel
LifeCycle
- Person -
= ;cn‘r:l:!r ¥ mtopObjectProperty
- -r TET -
el m HasClassification
= Planning mHasLevel
Preference m HasLifeCycle
- zrn}'m m HasPlanning
eSource
W = HasPreference
_m:cﬁm. = HasResource
Decomposable m HasResponsible
Structure m HasStep
Technique ®m HasStructure
m HasTechnigue
mHasToTeach
= HasToTutor
= IsLevelOf
= IsPreferenceOf

= IsResourceOf
= IsResponsibleOf
- IsStepOf

Fig. 1. PBL Ontology Presentation

Evaluation of
the actions

ﬂchosen structure ﬁivaluated steps

Steps Evaluating

Choice of
the PBL

nent structure Model structure

Generic
PBL model[ Choice of a perti- ]
Outputs

model

Outputs

1T

Ontologies:
Meta data
User

Document
Domain

Fig. 2. PBL Adaptive process

This system provides a PBL generic model to the user, according to its type (user
model) and some necessary steps inputs, with an adequate structure will be chosen.
Via this structure and a control expression, the steps and precisely the actions that
must be executed, will be evaluated. At least, via some adaptively rules that allow the
system to filter the incoherent steps for the user accompanied by the actions execution
results (outputs that may be inputs for other steps), we can have final and pertinent
structure for the generic model. Here is an example of the adaptivity rules:

Project Preparation ="((user type = Teacher AND (user type = learner)) AND
(Stepl Inputs = Yes)"
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= This step could be executed in the case that the user type in teacher and learner
And the specific inputs at this step are available.

Engine Composition. Generating a PBL model requires the system to search, organ-
ize and assemble the relevant steps according to the DVP generating processes:

Semantic Composition. It regroups the two processes: selection and organization,
where the result is the instantiation of an adaptive PBL model from a PBL generic
model via the semantic composition engine.

Logic Composition. After generating an adaptive PBL model i.e the instantiation of
steps, actions, and their execution order. The role of the logic composition process in
this stage called the assembly step is to present this PBL model to users (after brows-
ing the adaptive PBL model) in the form of web pages with navigation links for each
executable action by two composition mechanisms, the logical one generates, via
logical templates, logical pages (expressed in XML, with taking into account user’s
preferences from user model or the consistent adaptation techniques).

Layout Composition. It is the second assembly mechanism that allows constructing an
HTML page from the XML one generated in the logical composition process via
presentation templates [17]. It focuses on visual presentation settings of this document
according to the following adaptive navigation strategies [18]: annotation; direct
guidance; tri; masking strategy.

Adaptivity Strategies. The author may require readers the adaptation strategy which
is considered suitable i.e the stereotype associated with one of the strategies appears
in user model and this can be a first filter before taking into account the users prefe-
rences to be benefited from an adaptation strategy.

For example, we decompose users into three principal categories according to their
knowledge: novice, intermediate and expert. We can estimate that the adequate adap-
tive strategy for the novice users is the direct guidance one as they have to be accom-
panied in their navigation. Here an example of a direct guidance stereotype:

« (User Type = Novice) AND (Age <20) AND (category = Learner)”.

= This grammar represents a stereotype which means that the system will asso-
ciate typically the direct guidance as an adaptive strategy for users with these charac-
teristics (taking from the user model): a novice learner aged less than 20 years old.

9 Conclusion

In this article, we have presented a proposal of the combination personaliza-
tion/adaptivity and mLearning with the diversity context in Algeria. In this context, we
have chosen project based learning as an active institutional strategy to be personalizaed
and implemented with mLearning platform as an important step to enhance the education
system especially in our universities and to take advantage of the remarkable progress in
the Algerian telecommunication technologies market (3G and 4G technology).
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To achieve such a goal, we have reused the results of ICCARS and CANDLE
projects represented in a declarative approach that consisted of two crucial elements:
ontology and composition engine. The first one was adapted to cover the mOntology
concept; it is composed of four main subOntologies as follow: domain ontology; ap-
plication ontology; user model and metadata model. The second one is based on the
composition mechanisms that are the semantic, logic and layout composition, besides
the various adaptation strategies such as annotation, direct guidance, tri and masking
strategy.

In addition, efforts are also underway to pass to the second step of PBL personali-
zation project, which depends on implementing this adaptive PBL model in our uni-
versity mLearning platform, soon.
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Abstract. This paper presents an approach in mobile learning in which a com-
mercial mobile application can be used for non-formal heritage education. To
demonstrate the feasibility of the proposed approach, an existing travel applica-
tion for Android devices is adapted in order to demonstrate how educational
elements with online interactive material about an archaeological site can be in-
corporated into the existing framework. The educational material that will be
visible to the users of the application will not only be available for reading, but
the users will also be able to contribute and enrich the available material by
adding more information about the individual artifacts of the site using QR tags.

Keywords: cultural education, Android application, informal learning, user-
contributed material.

1 Introduction

The field of mobile learning is one that has attracted much interest during the last few
years. The introduction of smart portable devices (smartphones and tablets) in the
global market, their increasingly wide availability to the general population, and the
continuous improvement in their capabilities in terms of processing power and in-
put/output devices, have created new opportunities in learning (Ally, 2009).

There are several advantages in using mobile devices as means for delivering dis-
tance education, such as (Sharples et al., 2009):

e Ease of use: The learner uses a device which he is using in everyday life and is not
required to become accustomed with a new tool, thus removing cognitive load and
improving the speed at which learners perform tasks.

e Availability of content at anytime: This means that the learner is not limited time-
wise to predefined learning sessions, but he is free to choose the time at which he
will access the learning materials.

e Portability of the device: Together with the previous point of access to content at
anytime, mobile learning allows access to content literally anywhere since the user

M. Kalz et al. (Eds.): mLearn 2014, CCIS 479, pp. 29-37, 2014.
© Springer International Publishing Switzerland 2014
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can always carry the smart device with him. Also, it means that situated learning is
possible, at the location where training or support is needed.

e Collaborative learning: the communication capabilities such as instant messages,
SMS, voice calls, shared calendars, access to forums etc of smart devices through
some wireless network, are well suited for cooperative learning activities and shar-
ing content remotely.

These advantages create the potential for developing mobile learning applications
which are either web-based or are native applications for the various mobile plat-
forms. Already there have been several studies in recent years which apply mobile
learning in real settings, either in the classroom (Markett et al., 2006), (Born et al.,
2011) or for fieldwork (Vavoula et al., 2009), (Stead, 2012), (Tsinakos and Ally,
2013).

Especially interesting is the latter case where learning takes place on location and
is usually assisted by the location awareness capabilities through global positioning
systems (GPS) or network-based location acquisition that is embedded in most of the
modern smart mobile devices. In this case, the location awareness feature can allow
learning to take place on location (such as a museum, an archaeological site, or any
other place of historical interest), and the information that becomes available at that
time is directly related to the physical position of the learner (Etxeberria et al., 2012),
(Cutri et al., 2008).

Other approaches include applications which use Augmented Reality technology,
which takes advantage of the location awareness feature of smart mobile devices. In
this context, the experience of the learner in a site of cultural interest is enhanced by
moving graphics superimposed on the learner’s perception of the real world, that both
guide him through the site as well as deliver additional information about the site. For
example, in (Gonzalez et al., 2012) an e-learning project using Augmented Reality for
cultural heritage education in various landscape units in Spain is presented.

Motivated by the aforementioned work in the field of mobile learning, this paper
proposes a method to enhance an existing commercial mobile application by incorpo-
rating mobile learning methods for delivering open educational content. The building
blocks of such an approach are presented, as this is part of ongoing development.

2 The Application

The existing Android application is already available through Google Play under the
name Thassos-Agenda. It is a travel application which contains tourist information
about the island of Thassos, Greece. Its main functions include presentation and cate-
gorization of a number of local businesses, customized Google maps with point of
interest (POI) overlays, information about the main villages of the island, ferry and
bus schedules, and other relevant information such as useful local phone numbers. In
addition, there is a section where the user can browse other regional information,
including local customs or short descriptions of sites of cultural significance. These
are organized in appropriate sub-sections.
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Fig. 1. Screenshot of the original application

However, the content in the application is static and, in this sense, it is limited. Any
information material currently present in the application resources is embedded in the
application and any additions would require modifying the application and uploading
the updated version to Google app-market. Therefore, users would have to download
the application again. Obviously, additional material would also affect application
size, and this could pose a problem on devices with limited memory capabilities.

Using the section of local points of interest and customs as the basis, another sub-
section has been added which deals specifically with the educational material regard-
ing the ancient market of the city of Thassos. The objective is to create a section
where the educational material can be accessed and learning will take place. In this
sub-section, the users have the opportunity to download and view the educational
material regarding the various artifacts in the ancient market, but they are also able to
upload their own content. For example, prior of a field trip, teachers will be able to
prepare material that will be presented to the students during the visit and the students
will be able to access it on location. So the current version of the application mainly
focuses on these two processes: delivery of content and adding content.

3 Delivery of Material

Instead of packaging the material within the application, for it to be dynamically
changing, it is uploaded to a server where it can be accessed by the application using a
wireless or a GPRS network. The content is catalogued based on a serial number
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which is given to each artifact of interest. All the content will be HTMLS formatted,
as such content format is simple to create, even by users with limited technical back-
ground. Furthermore, multimedia and scripting such as Javascript can be easily em-
bodied in order to enhance the interactivity of the content.

As mentioned earlier, the information requested and received by the mobile device
will be filtered based on tagging of the artifacts. In this stage of development, it was
decided that using QR codes was an appropriate method of tagging the various arti-
facts of the ancient market. The QR codes can be easily created at a number of rele-
vant websites for free. The information that must be contained within each tag is a
code which corresponds to an artifact. All the artifact codes are stored on the server.
Accordingly, the application is given the capability of reading QR codes using the
back camera of the mobile device. QR code detection has been realized using the
ZXing library, an open source bar code image processing library, which is incorpo-
rated into the application. In this way, students and teachers can easily create and
upload material without any further concerns related to the cost or the technology to
be used.

When the user navigates into the ancient market information section, the camera is
activated and starts detecting QR codes. The following figure illustrates the screen
where QR scanning occurs.

i|| || Barcode Scanner i L) HISTORY

Place a barcode ingide the viewfinder rectangle (o scan il

Fig. 2. Screenshot of the QR scanning screen

As soon as a QR code of an artifact is read by the mobile device, a request is sent
to the server to fetch the content linked to the particular artifact. As more than one
source of information can be linked to a single artifact, a list of the relevant webpages
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appears on screen, together with the corresponding Wiki page, and can provide op-
tions for public annotation with other applications such as Foursquare, Pinterest or
other social media solutions.

From this list of webpages and options, the user can select the webpage with the
content of interest. A WebView is used in order to display the webpage without the
user having to leave the application. The WebView is Android’s method of properly
formatting and displaying the HTML content received from the server, from within an
application. It is within this construct that the actual educational content is displayed.
In the next section, the format of the content and the process of creating and adding
content will be discussed. The following figure illustrates a screenshot of an example
web page, loaded immediately after detection of a QR code. The mobile-formatted
page contains an embedded YouTube video, demonstrating the ability of the applica-
tion to display multimedia content.

THASSOS-

YOUR GUIDE

Ancient Market,
Archaeological Site

The ancient market is located very close
to the ancient harbor and was the cultural
and religious centre of ancient Thassos.
From the numerous interesting
monuments that exist there the most
interesting are the Platforms, the Big Altar
and Glaukos Grave.

Guide - Limenas, Ancient Agora

Fig. 3. An example artifact web page
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4 Uploading Material

As discussed in the previous section, the application scans QR codes and displays the
educational content that is related to the selected artifact, in the form of a web page.
An essential part of the platform is the ability to receive and catalogue user content, at
a minimum amount of effort from the part of the contributor. For this reason, a web-
site has been set up, in order to handle user uploads. In order to keep the interface as
simple as possible, as student from primary and secondary education level are the
targeted users, the file upload user interface of the website contains only the controls
to upload a file (Figure 4):

Select artifact., v

Choose File | Mo file chosen T
= Upload file

Fig. 4. The file upload interface

The process of uploading material is straightforward and does not require the user
to have any special technical skills or training. The user can access the platform either
from a desktop computer or a mobile device and simply selects the artifact of interest
from a list. This list contains all the artifacts in the site, and is compiled in advance.
Each artifact is linked to a QR code, and is tagged on location. Therefore, after the
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selection of the artifact, the user enters a short description and uploads the corres-
ponding educational content. The limitation at this point is that the content has to be
developed in website form, which means that the system only accepts HTML files,
with the exception of the wiki pages, which the user can edit in plain text.

The file chosen by the user is uploaded and stored in a main server, and the rele-
vant entry is catalogued in a MySQL database. This entry will be linked to the artifact
selected by the user, and will appear in the list of available content materials which is
displayed when a user scans the QR code attached to that particular artifact. The titles
of the items in that list are created from the content descriptions entered for each
webpage during the upload process. Figure 5 illustrates the upload process and how
the device accesses the uploaded content.

Soaripp Artifact
o B
s 'll‘
Fetch ; '
Upload content
conbent \
Hequest
list of _ -
materials ﬁ

Device
User

Fig. 5. The content upload process and delivery of material

This process of managing and delivering the content stored on the server, allows
multiple sources of information to be available for each artifact. For instance, the
local heritage authority can provide the official content regarding the archaeological
site and tag the artifact with the corresponding QR. Visitors of the archaeological site
will be able to access this content even though they might not be participating in a
particular educational activity. On the other hand, it is possible that teachers can de-
liver their own targeted material for an educational school field trip, by preparing and
uploading their customized content to the server beforehand. In this way, the students
will access the material that their teachers have prepared by scanning the same QR
code with their mobile device and selecting the corresponding webpage based on the
description that the teachers have assigned to their material during the upload process.
At the same time, students will also be able to access any material previously
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uploaded for other past activities relating to the particular archaeological site. Using
the other open resources offered by the application, students are not limited to their
course curriculum or field trip learning objectives, but have the opportunity to expand
by further reading from other sources and obtain a broader perspective on the subject.

5 Conclusions

This paper proposes a method of enhancing an existing commercial tourist application
to incorporate elements of mobile learning. It is also demonstrated that an Android
application containing tourist information can be transformed to serve as a mobile
learning tool. The services that are added to the existing platform allow more educa-
tional content to be delivered to the users of the application and present the relevant
information on location, by simply pointing a mobile device to a QR tag attached to
an artifact. In the current development users are enabled to contribute their own con-
tent, in order to enrich the information regarding the points of interest in Thassos
island, or make the content available in specific events and contexts related to educa-
tional activities. The ability of continuously updating the online content by the users,
the possibility of easy content personalization of the material by the educators, de-
pending on the target audience, as well as the simple QR tagging mechanism, allow
both formal and informal mobile education to happen effectively in a cultural heritage
setting at minimum cost.

The next step is to make the application available and test it in real scenarios by in-
volving local schools local schools in the evaluation process. The purpose is initially
to test the effectiveness and usefulness of the mobile learning method that is pro-
posed. Using the feedback from the end users (both teachers and students), it will be
possible to adapt to the actual educational needs of each school activity, and improve
the effectiveness of learning.

It is clear that the educational material which is uploaded and presented in the ap-
plication is made available not only to students as part of some educational activity,
but also to everyone that has installed this application. Therefore, public access to the
material immediately points to the open educational sources approach. The Eastern
Macedonia and Thrace Institute of Technology is currently involved in a project re-
garding the creation of Open Courses, delivered via an open source asynchronous e-
learning platform. This research is implemented through the Operational Program
"Education and Lifelong Learning" and is co-financed by the European Union (Euro-
pean Social Fund) and Greek national funds. The mobile application can be extended
to include this type of material, not only for heritage education, but also for a variety
of other topics, accessed from the Open Courses repository.

Further research is being carried out so that more mobile learning methods can be
implemented and tested on the existing platform. Enhancing the uploading process so
that the user can upload video/audio files, Java scripts, cascading stylesheets is one of
the upcoming developments. Also, it is the intent of the authors to include Augmented
Reality capabilities in the application, so that the benefits of this approach in mobile
learning to be also explored.
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Abstract. This poster presents an overview of a working in progress funded
collaborative action research project being conducted at a higher education in-
stitution in the United Arab Emirates. The projects investigates how to create
and implement library virtual learning spaces while taking advantage of stu-
dents’ mobile devices to support the activities. The poster also presents prelimi-
nary results based on cycle 1 of the action research.

Keywords: virtual learning space, Library, mobile devices, digital students.

1 Introduction

Today’s students live in a digital world and technologies such as laptops and smart
phones are integrated in their daily lives. Mobile technologies, in particular, are not
only becoming ubiquitous in students’ lives but are also their first choice to access
information, resources and to communicate [1]. Digital students are social, collabora-
tive and multitasking oriented, and generally like hands-on activities [2, 3]. These
characteristics overlap with constructivist theory that encourages learning environ-
ments that are active, collaborative and student-centred.

Brown [2] stressed that higher education educators must design leaning spaces that
maximize the convergence of the digital students, current learning theories and tech-
nology. In this respect, higher education institutions are reconfiguring their learning
spaces in order to meet the needs and expectations of digital students as well as pro-
mote more active student centred learning environments [4]. In particular, the litera-
ture shows that many libraries are transforming or reinventing themselves as learning
spaces for the digital students [5, 6]. Of the main types of learning spaces at higher
education institutions, libraries play a key role in the education of digital students [7].
For example, Bailin’s [6] study has provided insights into the needs of students with
regard what they expect from 21* library learning spaces. Results showed that colla-
borative spaces that promote both formal and informal learning equipped with tech-
nology were highly valued by participants.

Reconfiguration of learning spaces equally applies to our higher education institu-
tion in the United Arab Emirates (UAE) that houses digital students who are arriving

* Corresponding author.

M. Kalz et al. (Eds.): mLearn 2014, CCIS 479, pp. 3841, 2014.
© Springer International Publishing Switzerland 2014
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on campus equipped with personal wireless enabled mobile devices [8]. We have
identified a visible need for our library space, in particular, to evolve to avoid discon-
nection from their 21st century digital students and, quoting Sinclair [9], to “have a
place in tomorrow’s university... (p. 6). As noted by Brown and Long [10], 21st li-
braries cannot ignore technology and the fact that students are bringing their mobile
devices to university campuses which are broadening the concepts of learning spaces
to include anytime anywhere learning. In such virtual learning environments, students
might use mobile applications or perhaps will use interactive technologies such as
blogs and wikis for collaborative learning. This concept is a growing reality in many
library programs. However, according to Oblinger and Oblinger [3] and Temple [11],
changes or re-configuration of learning spaces must be accompanied by research to
determine whether the planned changes foster one’s stated goals.

This poster presentation offers an overview of a working in progress collaborative
action research project which aims at investigating how to create and implement li-
brary virtual learning spaces while taking advantage of students’ mobile devices to
support the activities. The poster will also discuss preliminary results based on cycle 1
of the action research. More specifically, analysis of a focus group interview con-
ducted with a group of students will be presented.

The project seeks to answer the following research questions:

1. How can we design and implement library virtual learning spaces that support

students’ formal and informal learning?

2. What are the perceptions of a selected group of students of the library virtual

learning spaces after implementation?

2 Overview of the Project

The project is being conducted at our higher education Institution in the United Arab
Emirates and has been approved by our institution’s Ethics Committee. The project
implementation began in semester 2 of the academic year 2013-2014 and will finish
in semester 2 of the academic year 2014-2015. The setting for the study is our library
and the virtual space where informal and informal learning can happen anywhere and
anytime. A sample of undergraduate students enrolled in different years in the Bache-
lor of Education program (Years 1-4), a sample of faculty and an external librarian
will be invited to participate in the study. A sample of students who participated in the
virtual learning spaces during the implementation phase will be invited to take part in
the study. Participation in the study is voluntary. All participants will be asked to sign
a consent form.

The project adopts an action research approach consisting of two cycles. The ac-
tion research is most appropriate for this project as it can be conducted collaborative-
ly. The collaborative team include three faculty, our institution librarian and an IT
staff member. This multidisciplinary team works on situation, trying to make changes
to the library by designing, implementing and evaluating virtual learning spaces.

The literature shows that several action research models are available to guide the
research [12, 13]. Although each model explains the research process using different
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number of steps, most adopt a cyclical and repetitive process of inquiry which begins
with identification of a problem, planning, data collection, evaluation [14]. Some
models are simpler in design and include common elements of other models [12, 15].
Koshy [16] recommends practitioners to choose an action research model that best
suit her/his purpose of inquiry. As some of the co-researchers in this project are new
to action research, a simple model proposed by Kemmis and McTaggart [12] is
adopted. This model proceeds in a spiral of steps consisting of 1) developing a plan;
2) acting to implement the plan; 3) observing the action by collecting data; and 4)
reflecting on findings and develop an action plan to promote changes in future ac-
tions[15].

Cycle 1 involves a preliminary phase where we collect qualitative data using focus
group interviews conducted with a sample of undergraduate students and faculty. The
focus group aims to gather information on participants’ perceptions of the design of
library virtual learning spaces, formal and informal activities, and technology. In par-
ticular, as suggested by Lippincott [7], librarians should consider students’ opinions
and include them on teams that make decisions about the design and implementation
of learning spaces. By considering the perspectives of digital students, it will help us
ensure that the virtual learning spaces will meet their needs and expectations. An
individual interview will be conducted with an external librarian to gather similar
information sought in the focus group interviews. The researchers will use semi-
structure interview questions and audio tape.

The information gathered from the interviews in cycle 1 will inform the design of
the virtual learning space. Therefore, cycle 2 implements the action plan developed in
cycle 1 based on participants’ perceptions of the design of library virtual learning
spaces. During the implementation, the researchers will write field notes, collect
documents and observe the activities. Two focus group interviews with be conducted
with a sample of students who participated in the virtual learning space activities. We
seek to gain insights into participation, activities, technology and recommendation for
improvements.

For both cycles, a thematic analysis technique will be used to analyse the qualita-
tive data. The analysis will be based on procedures suggested by Merriam
[17]whereby the researcher codes all the different parts of the data that seem to exem-
plify similar themes or ideas. The principle researcher will read the documents, make
notes on their margins and then create a list of codes in which data will be added later.
The next step will consist of looking at the coded data within and across categories for
themes. A co-researcher will code the data following same procedure and results will
be compared. The coding process will be discussed with other co-researchers to vali-
date interpretations. The interview transcripts will be shared with participants to de-
termine accuracy. The qualitative software NVIVO will be used to assist with data
analysis.

The proposed project expects to provide a practical example of how to improve li-
brary learning spaces to accommodate students’ needs and expectations. It also ex-
pects to enhance our library learning spaces to better support our 21st students as well
as reflect contemporary learning theories. Outcomes of this project may be significant
to other higher education institutions within the UAE that are planning to adapt their
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library learning spaces to better serve their digital students. Those institutions that
have already adapted their library learning spaces can also benefit from this project as
we may be developing different virtual activities and deploying other technologies
and design.
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Abstract. Using technological devices, particularly the tablet and the collaborative
work establishes favorable relationships in mathematics teaching and learning. Be-
ing a device with numerous possibilities of interaction, communication, and per-
sonal practicalities, the tablet collaborates with people’s life in an increasingly glo-
balized world. This research presents the theoretical framework of activity theory
as an analytical basis both on uses and interactions of the tablet in a math class in
high school. Students’ reaction and manifestation in solving proposed problems in-
volving concepts of elementary functions are also examined. Research was con-
ducted in a private high school from S&o Paulo’s east side and entailed three classes
from the first year. It was verified that the students organized themselves collabora-
tively in order to reach the results proposed in the activities. Activity Theory is pre-
sented as a structure that reveals the interaction elements between subject and ob-
ject (students — tablet — application) towards math learning.

Keywords: Activity Theory, tablets in education, mobile learning, math learning.

1 Introduction

In education, tablets appear as a resource of great potential to access didactic material,
electronic books, newspapers, magazines, and so on. Combined with Internet access,
such devices bring contents to real time. Students making use of it have at their
disposal a device for both research and task-solving, although it resembles a conven-
tional notebook. Teachers, in turn, are able to have the same resources offered by a
conventional computer without having to take the students to the computer lab, which
provides convenience and responsiveness for the pedagogical work.

Tablets are gaining educators’ attention regarding their pedagogical use, which
means that some educational institutions are testing them as a potentially helpful tool
in teaching and learning processes in school context.

One cannot ignore this tool’s contributions and applications; hence, researching the
use of tablets by high school students in math class must take into account that “the
incorporation of all available technology in the world currently is essential to make
mathematics a science today” (D’ambrosio, 1996, p. 17).

Considering it, it was noted that this device could be used in order to answer the
following question: how a tablet could improve the process of teaching and learning
of mathematics?

M. Kalz et al. (Eds.): mLearn 2014, CCIS 479, pp. 42-51, 2014.
© Springer International Publishing Switzerland 2014
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In this sense, a starting point will be an activity created and applied in high school
classes, more specifically in math lessons of three first year classes.

Thus, by using a tablet, the goal is to design a dynamic and meaningful learning
process, so as to allow conditions of graphical and geometric analysis in solving prob-
lems and situations in order to provide the students means for them to recognize spe-
cific factors of mathematical concepts in the study of functions, trials, investigations,
and collaborative research.

This paper is organized as followed: section one presents the context of activity
theory in tablet-using context; section two discusses the tablet as a mediating tool for
learning; section three examines research organization, methods, and research tool, as
well as students target; section four presents and considers the results; section five
offers some conclusions.

2 The Activity Theory and the Tablet

Vygotsky (1978), Leontiev (1978), and Luria (1978) started what is currently known
as Activity Theory (AT), which conveys a new conception for psychology, known as
cultural-historical, created by the trio. AT provides an overview of the phenomenon
under study, and analyzes the activity itself, including different aspects of both social
and historical activity and relating them to different systems of other activities.
According to Kuutti (1996), the AT is a conceptual structure based on studies of dif-
ferent human shapes and practices as mental development processes combined to
individual and social spheres.

The first condition for all activity is a need. However, considered in itself, this
need cannot determine the actual orientation of an activity, for it is only in the activity
object that it finds its determination: it must, so to speak, find it. Once the need finds
its determination in the object (it is “objectified” in it), the said object becomes the
reason of the activity, stimulating it. (Leontiev, 1978, p. 107-108).

Although it does not constitute neither a methodology (Jonassen and Rohrer-
Murphy, 1999) nor a theory, it does comprise a conceptual system that supports dif-
ferent studies related to various forms of human practices, since AT finds its basis in
Soviet theorists bound to Marx and Engels’ Dialectical Materialism Theory (1984).

In this scenario, the pioneer researches of Vygotsky (1978) and his collaborators
Leontiev (1978) and Luria (1978), which were responsible for the continuity of his
work on Activity Theory, gains strength.

AT has as basis the interaction subject - device (tablet) - object, that is, it considers
that individuals does not simply react to stimuli of the environment they live in, for
their actions are mediated by artifacts and object-oriented (Vygotsky, 1991).

The mediation of instruments, tools or devices, that could naturally be a mobile
device, such as a tablet, for example, could play the role of a way by which internal
psychological operations are directed in order to solve a problem. This vygotskianian
theory (1978), named AT’s first generation, emphasizes the more individualistic rela-
tionship of the Activity Theory (subject — mediator — object).

But Vygotsky’s theory (1978) had some limitations as, e.g., the fact it do not asso-
ciate, in the activities, actions mediated by individuals and collective and social op-



44 C.F. Araujo Jr., E.J. Dias, and M.A. Ota

erations, associated to the context of individual action. This first stage of AT, which
objective is mediating the process by instruments or devices, is still considered one of
the AT pillars.

AT structure has been modified because Vygotsky's model (1978) lacks elements
of social correlation such as rules, community and labor division - elements which do
not only participate of the subject-object mediation, but also propose interdependency
between the established actions.

The emergence of a new structure for the AT was due to the studies of Leontiev
(1978), who is considered an anchor of the 2nd generation of the AT, though he has
not come to develop such a structure,.

Engestron (1991), then, based on Leontiev’s (1978) ideas, proposed an increase in
the vygotskianian model: the activity’s social mediators (rules, community and labor
division) are actively involved in the mediation between subject and object.

In this system of activity, the subject correspond to the individual, or the communi-
ties subgroup; the object is the reason, or the raw material, that accomplishes the
activity; the instruments refer to the mediator devices (internal and external) that coo-
perate and support a transformation in order to achieve the activities’ results.

Composed by groups and subgroups that share the same object, the community has
the function of situating the subject in the activity’s result. The division of labor is
structured by a horizontal and vertical division, the first referring to the task between
individuals of the community, the second being based on the relationship between
power and prestige inside the community.

Lastly, there are the rules that establish the norms to be followed by the individu-
als, directing the actions and interactions inside the activity’s structure.

2.1  The Tablet as a Mediating Tool

A tablet is a clipboard shaped tool that promotes easily Internet access and other re-
sources, like annotations, spreadsheets, games, books, in addition to various applica-
tions that can be used both for leisure and work.

One of this tool’s possible applications may be, as mentioned before, education. In
the United States, e.g., many teaching institutions, considering different areas and
educational proposals (Pearson, 2011), are currently researching pedagogical ways
and structures for using such a device since the iPad launching (2010).

This device embodies important concepts for education by promoting portability',
mobility?, easiness of use (touch screen technology)®, and technological resources
(recording, filming, audio, telephony, photography, etc.).

! Attribute of a component or computer program that makes it capable of being used in differ-
ent computer systems.

2 Attribute of being mobile.

* The technology of detecting the presence and the localization of a finger or object touch,
inside the screen area, dispensing any input peripheral, like keyboards and mouse. The exhi-
bition area for interaction is a pressure sensitive screen, which various actions can be ex-
ecuted, being possible a direct interaction with exhibited content such as images, numbers,
and words. (www . infoescola.com).
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Simplicity and practicality enables it to be used both by individuals and by group.
An illustration of it is its use in a traditional classroom, promoting interactive activi-
ties with wirelessly access to the internet.

Tablets have the possibility of becoming important tools for educators, enabling
the exploration of various content such as learning objects, virtual libraries, sites,
blogs, social networks, educational applications, among others.

At the same time, it must be mentioned that the increasing use of this technological
tool brings gains to our contemporary society, mainly regarding sustainability, for it
reduces the consumption of printed matter and, consequently, impacts on the envi-
ronment.

With the physical reduction of the devices when compared to others, like desktop
computers and notebooks, it has emerged today a new conception of their utilization:
the m-learning, which might be described as the uses of technology and mobile com-
munication, synchronous and asynchronous, for educational purposes (Freysen,
2004).

Mobile learning or m-learning is a didactic-pedagogical term that labels a new
educational “paradigm” based on mobile technology utilization. Largely, it is possible
to name m-learning any learning method performed in small sized devices, autonom-
ous to external sources of energy and smaller enough for people to taking it anywhere,
anytime (Moura, 2010, p. 39).

There is a great potential in mobile devices (tablets) for education in general since
it gives individuals the opportunity of accessing varied content, independent of the
environment and the local of use. It works as true portable computers and uses in
many cases very user-friendly operational systems, such as Android, Window 8
mobile, and 10S, among others.

3 Research Methodology

This research was based on qualitative and quantitative methods, starting from sur-
veys with closed questions and proposal of classroom evaluations, both in writing and
talking (seminar presentations). The closed questions investigation aimed at finding
topics that aid pedagogical aspects and the interaction of mathematical objects using
tablets, as well as the degree of motivation this tool might have had in math learning.

The proposed activity was applied during two classes of fifty minute each, when,
using a tablet and a graphical application (MePlot-Free), students have had to describe
the phases for analyzing the graphic behavior of previously studied functions in the
Cartesian plan. The application, MePlot, runs on Android 2.1 or newer and has two
versions, a free one and a paid one. Due to its educational use in high school, in this
research it was used the free version of the application.
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This activity aimed at relating some concepts of geometry involving types of
graphs in the Cartesian plane exposed on the tablet screen. At the end, all students had
to present their analysis of activities and functions observed during class.

In another moment of the activity, after the teacher's analysis presentation, students
have had to give a seminar. “The objective and reason of a collective activity are
something like a mosaic in constant evolution, a pattern that will never be completely
finished” (Engestron, 1999, p. 20).

The study indicates that, according Leontiev's theory (1978), the object was consi-
dered the center of the activity. In this case, the object is engaged to the function
analysis observed on the screen device, as well as on the seminar presentation that
aimed at discussing the analysis made with the application (MePlot-Free) in connec-
tion with collective actions.

Students was the starting point for the activity analysis, that is, as from them it was
established contact in order to verify not only whether occurs progression in learning,
but also the reaction to this new technology-mediated knowledge that might bring a
satisfactory dynamic in teaching and learning processes.

The community or group of individuals sharing the same object was composed by
107 students from the first year of high school and by the teacher (researcher). Labor
division refers to horizontal task division among community individuals and vertical
based in power relations. In the said activity, it was observed that students divided
their presentation of the content studied previously in a sequential approach (point,
line, plane, parallel lines, concurrent lines, increasing and decreasing, first degree
functions, second degree functions, exponential and logarithm, etc.)

The group established specific points for each of its members, i.e., the first one ex-
plained point, line and plane; the second one position of two lines; the third one made
simulations with other line examples; the fourth one ended with observations of the
applicative manipulation, adding some observed functions. Concerning labor division,
it may be verified a hierarchy among them.

Such division was established by the students involved in the activity, which com-
pletion was based on established rules that directed the actions and on interactions in
an activity system.

Below, a figure shows how this activity was structurally developed according to
the referential proposed in Activity Theory (Leontiev, 1978).

The proposed activity was linked to the theoretical content exposed during classes
(book) and had as objective making students to report it and to write it in a paper
sheet shared by the group. Resolutions and argumentations of students facing the
proposed exercises in teacher’s activity were justified by observations and by the use
of the graphical application (MePlot-Free) installed on the tablet.

Students were oriented to get the application before class. In some devices, the ap-
plication was not installed; however, using the high school Wi-Fi, the students down-
loaded it without further problems.

The high school technical team (“Campus Virtual””) accompanied the class activity,
providing technical support for teacher and students when required. In the first stage,
the activity was executed in approximately 70 minutes. In the final 30 minutes, the
teacher demanded the students to report positive and negative aspects that might had
occurred during the activity.
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Tablets, applications

Analysis in plane geometry

Students situations (seminar).

Solution of the activity The group establish a

individually and in groups: Students from the solution for each item
presentation of results, high school’s 1st year and its presentation.
group debate in class. and the teacher.

Source: authors.

Fig. 1. Schematic application of class activity

4 Results and Discussion

Students’ answers indicated that the tablet and the applications can provide important
interactive analytical meanings of studied content, since 93% of students agreed that
the tablet and the application were important in the development of the proposed ac-
tivity and 98 % reported that the activity became more interactive and dynamic. Re-
garding the acceptance of the artifact in class, 82% of students said it was great; 8.3 %
said it was very good; 3.2% said it was good and 6.1 % said it was regular. The indi-
cation of most students is that the tablet provides a new dynamic in the classroom,
which contributes to the learning process. According to Dias and Araujo Jr. (2013,
p-11): “students understand the simplicity and convenience of mobile technology
(tablet) and their potential for interaction and relationship with colleagues”. Above, it
is shown an excerpt speech of a student characterizing this aspect:

[...] Using tablets during math class was much more interest-
ing and interactive. Tablets can help us understand better the
lesson, the theory and even doing practical exercises. At first,
we had some difficulties as to download applications and con-
nect to the Internet, but I think that is a bit lacking usual. Soon
we will able to use these devices without any problem (Stu-
dent A).
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Figure 2 shows the graph generated by the application in the activity in the class-
room:

Source: authors.
Fig. 2. Meplot-Free | Lesson with the analysis of the function of 1st degree

The image shows a graphical view of the application in which students had to ana-
lyze the equations and functions they typed. Additionally, they had to analyze the
behavior chart generated by two functions that subsequently they should classify as
concurrent or parallel, justifying their answer. Figure 3 shows the image of a student
developing the activity in the classroom:

Fig. 3. Student using Meplot-free
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Table 1, in which it may be observed before and after the use of tablets in class-
room, shows a progression in the indicators of satisfactory grades in math classes for
the 2nd and the 3rd quarter. In the school the research was developed, unsatisfactory
grades range between 0 to 5.5 and satisfactory grades range between 6-10.

Table 1. Unsatisfactory grades during 2™ and 3" bimester

Classes 2nd bimester 3rd bimester
Ist A 38% 5,8%

Ist B 13,51% 2,7%

Ist C 27,77% 2,8%

Source: The research

Taking this into account, it is possible to consider that the classes involved in the
activity responded well to the development of it and were able to significantly im-
prove satisfactory grades immediately. The data is believed to show how a combina-
tion of tablet and graphic application with didactic material were able to produce
advances in improving the learning of basic concepts in the study of functions
planned during the quarters. Thus, according to Prensky (2013) “technology is not
something we need , in addition to mental activity ; technology is now part of mental
activity . And we need to use it wisely” (Prensky , 2013, p.1).

Consequently, the data indicate the importance of using a device such as a tablet in
the development of the proposed activity in math class for it enables an interaction
with the content. In the presented observations, which were based on Engestron's
theory of the second generation activity (1999), it may be seen that this tool-mediated
relationship (tablet) eased students to solve and analyze exercises. Another pertinent
aspect is the interaction of students with the tablet, which provided an opportunity not
only of a written speed reading, but also of a manipulation of mathematical concepts.

5 Final Considerations

It is possible to affirm that, associated to the scenario created by a technological tool
used on pedagogical conjunction, TICs create, in high school, a technological, argu-
mentative and participatory education culture in students in math class.

The introduction of technology (tablets) in school classes bestows a multifactorial
question that embodies the convergence and the integration of aspects related to tech-
nology, pedagogy and knowledge of a specific domain. In order to conceptually inte-
grate the presented aspects inside a comprehensive and meaningful organization for
students and teachers alike, it was used in this research the Activity Theory (Leontiev,
1978).
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Survey results display that the meplot-free application provided an opportunity and
a meaningful graphical analysis to the discussion and resolution of exercises of func-
tions by mediating objects and mathematical signs observed in the tablet screen, thus
helping students to specifically complete the suggested activities. It also was detected
that both the tablet and the application have developed student’s mathematical logical
decisions with regard to graphical interpretation based on the study of functions.

It is notable that AT provided a more accurate analysis of the work accomplished
by students. Labor division and rules established by students in seminar presentations,
as well as the resolution of tasks proposed in this research helped to significantly
improve the results of assessments in school context regarding mathematics. It is con-
sidered that the mediating tool (tablet) has provided not only a dynamism in learning
mathematics, but also eased the connection of primary pedagogical actions during the
process. Hence, the data demonstrate the possibilities provided by AT in a theoretical
analysis of the pedagogical work accomplished by a teacher. Another factor concern-
ing the activities generated with the aid of devices such as tablets is that students iden-
tified the relationship between variables and values that appeared in some questions
concerning functions, providing then opportunity and condition for specific under-
standing to occur. We consider that, via interaction and use of mobile technology
(tablet), students may have access to the necessary tools to achieve a more significant
learning.
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Abstract. This paper reports on a project that was first introduced to World
Conference on Mobile and Contextual Learning attendees in 2012, the
PLEIADES project (Portable Learning Environments for Incarcerated Adult
Distance Education Students) and discusses how this project evolved into two
separate projects; one each from the two technologies originally trialled.
PLEIADES introduced a version of an internet-independent version of the
Learning Management System (LMS) called Stand Alone Moodle (SAM) and
eBook readers to incarcerated students in a correctional centre in Southern
Queensland. The Triple ‘E’ Project (Empowerment, E-Learning and E-Readers)
using eBook readers similar to those trialled in the PLEIADES project, were
rolled out to a further four correctional centres. This paper explores the issues
and challenges involved with deploying eBook readers to incarcerated students
through the PLEIADES and Triple ‘E’ projects.

Keywords: digital inclusion, distance learning, higher education, prisons,
eBook readers, eReaders, mobile learning, design-based research.

1 Introduction

The use of mobile technologies has become increasingly essential in the delivery of
distance education courses, largely in response to an emerging demand for flexibility
in learning [1]. Unfortunately, this increasing reliance on digital technologies is based
on the assumption that students have reliable access to the internet. For many students
this is not the case, for example forty-four per cent of the students who participated in
the University of Southern Queensland’s (USQ’s) Tertiary Preparation Program
(TPP) in Semester 2 2012 claimed they did not have access to the internet (USQ,
unpublished data). Consequently, this increasing reliance on mobile devices for learn-
ing increases the risk of further excluding disadvantaged students without reliable
access to the internet from higher education [2].

Correctional centres are highly reliant on the provision of distance education for
offenders who wish to undertake higher education [3]. Higher education institutions
that still provide course materials for students without internet access, including in-
carcerated students, often employ exceptions handling processes, using large volumes
of printed copies of the course materials and learning support resources [4]. This is
costly for universities to assemble, print and post, is in no way interactive, and cannot
incorporate all of the learning support resources of the course. With the emergence of
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e-learning and mobile learning, distance education institutions are becoming increa-
singly reluctant to print course materials.

Researchers at the University of Southern Queensland (USQ) began to investigate
the possibilities of providing electronic access to course materials using eBook read-
ers. These eBook readers would contain all of the readings that a student would need
to complete a course, allowing them to highlight text and take notes. This approach
would preclude the necessity of printing course materials though the eBook readers
would still need to be delivered to the appropriate correctional centre. The researchers
began to plan a trial project in conjunction with Queensland Corrective Services and
Serco Asia Pacific (private prison providers).

The PLEIADES (Portable Learning Environments for Incarcerated Distance Edu-
cation Students) project piloted the use of secure e-learning and mobile learning tech-
nologies that were independent of the internet, for learning within a correctional
centre. Incarcerated offenders are prohibited from accessing the internet and are there-
fore excluded from accessing course materials electronically. In order to address this
exclusion, course materials were loaded onto eBook readers that were incapable of
accessing the internet. Additionally, an internet-independent version of the open
source LMS, Moodle, was developed and piloted over a seventeen-week-semester
period in a Queensland correctional centre. TPP 7120 Studying to Succeed, a founda-
tion course in USQ’s Tertiary Preparation Program, was modified to provide incarce-
rated students with access to course materials, learning experiences and assessment
activities, without needing access to the internet. At the end of the trial period, addi-
tional funding was sourced from the Australian Government’s Higher Education
Partnerships and Participation Program (HEPPP) to fund the Triple ‘E’ Project (Em-
powerment, E-Learning and E-Readers) to deploy eBook readers in five correctional
centres. This paper reports on the issues, challenges and lessons learned from deploy-
ing eBook readers in correctional centres through the PLEIADES and Triple
‘E’ projects.

1.1  USQ’s Tertiary Preparation Program

USQ delivers programs both face-to-face and via distance education, and has a high
proportion of students from low socio-economic status (SES) backgrounds. USQ’s
Open Access College offers a Tertiary Preparation Program (TPP) which once suc-
cessfully completed, guarantees entry to a USQ undergraduate degree. The only for-
mal entry requirements to study the TPP program is that students need to be at least
18 years of age. For students who meet the citizenship and residency requirements,
the course is fee-free and Australian Government assistance is usually available to
cover living costs for eligible students. TPP7120 Studying to Succeed is a compulsory
course in the TPP and students are required to obtain a passing grade in order to gain
direct entry to an undergraduate program. These students usually require significant
academic and social support to complete their courses successfully [5]. A significant
number of incarcerated students from Queensland enroll in the TPP but with many
having limited numeracy and literacy skills, this cohort often struggles. Though the
TPP is designed to ready students for higher education, it is unlikely this aim can be
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achieved when instruction is primarily delivered online and incarcerated students
cannot access the internet. The challenge is to develop those digital literacy skills in
the incarcerated cohort, while they do not have access to the internet. The PLEIADES
project, short for Portable Learning Environments for Incarcerated Adult Distance
Education Students, was formulated to try and address this problem while reducing
also reducing the costs associated with the supply of hard-copy materials.

2 The PLEIADES Project and Beyond

The PLEIADES project, short for Portable Learning Environments for Incarcerated
Adult Distance Education Students, was formulated to try and address this problem
while reducing the costs associated with the supply of hard-copy materials. Project
resulted from discussions between staff at the Southern Queensland Correctional Cen-
tre (SQCC), Queensland Corrective Services (QCS), the Australian Digital Futures
Institute (ADFI) and the Open Access College (OAC), the latter two both at USQ. A
portable version of USQ’s LMS Moodle, called Stand Alone Moodle (SAM), was
deployed in an attempt to replicate USQ’s online learning environment for incarce-
rated students enrolled in the TPP. SAM had no capacity for internet connection in
any form and was accessed by incarcerated students in either of SQCC’s two comput-
er labs which were serviced by a server. Because students typically only spend two
hours a week in the computer lab, a second arm of the project facilitated learning by
issuing these students with eBook readers loaded with course materials and relevant
resources. The project was deployed in Semesters 2 and 3 2012. The initial aim was
for seventeen students to participate in the project, but only seven proceeded as partic-
ipants in the trial. Though SAM and eBook readers were successfully deployed, a
number of factors made it extremely challenging to collect meaningful data. These
challenges are summarised below:

e The correctional centre relocated from Borallon to another location some 60 kilo-
metres away which resulted in the withdrawal of several key project team mem-
bers. These people understandably elected not to move their families and could not
continue working at the new site;

e High turnover in relevant correctional centre staff to try and cover a number of
positions left vacant;

¢ Insufficient handover procedures in place in the correctional centre to ensure con-
tinued operation of the trial;

e Resulting in poor training of the students in the use of the new technologies; and

e Prejudice manifesting in many forms included delayed approvals and purchases.

The project team managed to work its way through these difficulties. There was an
enormous amount of good will and belief in the project on the part of all team mem-
bers and the students in the trial that ensured that the project proceeded. Though it
was difficult to collect much meaningful data, the project did demonstrate that it was
feasible that eBook readers and SAM could provide a reasonable simulation of an
online study environment to help incarcerated students develop the necessary digital
literacy skills to successfully complete a higher education program. On this basis, the
project team successfully applied for an Australian Government Office for Learning
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and Teaching grant to further develop SAM. Though a large amount of funding was
secured, it was still insufficient to expand the roll out of the eBook readers to other
correctional centres. The Open Access College, in consultation with the Australian
Digital Futures Institute and Queensland Corrective Services, secured funding from
another Australian Government funding scheme aimed at broadening participation in
higher education (Higher Education Partnerships and Participation Program or
HEPPP) to purchase some 200 eBook readers and chargers.

3 Emergence of the Triple ‘E’ Project

Though there were many difficulties encountered with deploying eBook readers dur-
ing the PLEIADES Project, the project team felt strongly that this pilot demonstrated
the feasibility of these technologies for use in this context. The Triple ‘E’ Project
(Empowerment, E-Learning and E-Readers) deployed eBook readers at four addition-
al correctional centres beyond the site of the original PLEIADES at SQCC. The cor-
rectional centres were chosen on the basis of the number of students enrolled in
TPP7120 Studying to Succeed and strong relationships between TPP staff with the
correctional centre education staff. The additional correctional centres were Brisbane
Women’s, Wolston, Woodford and Maryborough. These four centres are directly
administered by QCS while SQCC is administered by Serco Asia-Pacific for QCS. A
training and information session was conducted with the education officers from the
relevant correctional centres. These officers were unanimously enthusiastic about the
project and the prospect of having eBook readers for the students enrolled in
TPP7120 Studying to Succeed in their own correctional centres. Though initially,
some of the education officers expressed doubts that they were ‘tech savvy’ enough to
use the eBook readers themselves, with some basic instruction they were soon using
the devices confidently.

In addition, training sessions in the use of the eBook readers was delivered by an
Open Access College tutor at the correctional centres themselves. Inmate tutors were
also trained and could act as a ‘go to’ person should the incarcerated students expe-
rience difficulties with the eBook readers. These tutors were given a small amount of
money by the correctional centres to fulfil this role. As one peer tutor explained: ‘If it
comes from prisoners to prisoners they are more likely to pay attention to it.’

The eBook readers needed to conform to QCS security requirements. These in-
clude having a non-removable battery, inability to access the internet and no SD card
slot. In the PLEIADES trial, Sony PRS-300 eReaders were used which fulfilled these
requirements. For the Triple ‘E’ project Book Pures were used as the Sonys were no
longer available. Security clearance was obtained by incapacitating the SD card slot
of the BeBook Pure by filling it with ‘builder’s bog’, a timber repair filler.

3.1 The Education Officers

The education officers in the correctional centres generally oversee the provision
of education to the incarcerated students. As incarcerated students don’t have access
to the internet, it falls to the education officers to download lecture materials,
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assignment coversheets and conduct any internet research that students might need to
complete assignments. These resources are downloaded and printed by the education
officers. This forms a significant portion of an education officer’s workload.

3.2  The Course Materials

The same course materials, but updated with appropriate dates, were used for the
Triple ‘E’ Project as were used in the PLEIADES project. In the PLEIADES project,
permission from academic publishers to load course readings onto the eReader was
obtained by USQ’s Learning and Resources Development Services department and
took a period of four months. Course materials written by lecturers from the OAC
were converted to ePub format. This format was chosen as it enables text to reflow on
a screen. Text within PDFs is not able to reflow and therefore limits text size without
the need for scrolling. The eBook readers were preloaded with all the course readings
for the TPP7120 Studying to Succeed in ePub format prior to sending them to the
correctional centres. The eBook readers were handed back to the education officers by
the students about once per fortnight for charging and checking to ensure that the
devices are not tampered with or damaged.

4 Evaluation

In total, there were 47 students using the eBook readers across five correctional cen-
tres (5 at Brisbane Women’s, 16 at Wolston, 8 at the Southern Queensland, 8 at
Woodford, and 10 at Maryborough).

The projects were conceptualised using a design-based research methodology with
iterative cycles of planning, implementation and revision in response to feedback
from participants and key-stakeholders. Design-based research is a blend of empirical
research with the theory-based design of learning environments [6]. The method cen-
tres on the systematic investigation of innovations designed to improve educational
practice through an iterative process of design, development, implementation and
analysis in real-world settings [7]. A major strength of design-based research lies in
its adaptability to adjust the intervention based on on-going findings from partici-
pants.

A range of data sources inform the development of the projects as well as inform
the on-going evaluation of the project progress and areas of refinement required. Data
sources include notes from project team members taken during meetings with stake-
holders and during project planning activities, email communications between team
members and stakeholders, focus groups conducted with students and education offic-
ers at correctional centres, and observations made by project team members during
and after the launch of the PLETADES pilot and during the subsequent deployment of
the Triple ‘E’ Project.
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5 Issues and Challenges

The PLEIADES project ran over two semesters in 2012, and the Triple ‘E’ Project ran
in semester 1 2013 (from early March). There were some common problems between
the two projects with the eBook readers.

5.1 Technical

In the Triple ‘E’ project, once the BeBook Pures were distributed to students, a num-
ber of issues were encountered. Some of the eBook readers had issues with frozen
screens and had to be swapped for others. It seemed to be that this tendency was ex-
acerbated when students did not wait for one action to complete before pressing but-
tons to elicit another. We believe the most likely cause is the large files sizes of some
of the course materials and the limited processing power of the eBook readers. A
related issue is that the eBooks can be slow to open. This is almost certainly related to
file size. These problems were not previously encountered with the Sony eBook read-
ers used in the PLETADES project.

Another significant issue is that the standard font size of the text is sometimes too
small for easy reading. The students have been shown how to increase the font size
but sometimes the text does not reflow correctly making the text too difficult to read.
This was also a problem encountered in the earlier PLEIADES project.

5.2  Issues at the Correctional Centres

Despite the security reports and memorandum from QCS head office, each centre
General Manager had their own questions and concerns in regards to the eBook read-
ers which unexpectedly further delayed the booking and delivering of training.
Coupled with the fact that the first few assessments in TPP7120 Studying to Succeed
are due in the first week meant that the tutor made the decision to release hard copies
of study materials to ensure no incarcerated students were disadvantaged by this de-
lay. This was an issue because often the correctional centres were quite distant from
the Toowoomba campus and return visits by the OAC tutor could not be scheduled in
a timely manner. Training sessions were sometimes interrupted by random drug
searches with sniffer dogs. Unscheduled lockdowns impact on training sessions. A
‘lock down’ meant students could not come to class unless they were already in the
building. Though these lockdowns meant that students missed out in training in some
cases, in other situations, the eBook readers enabled students to study during these
lockdown periods.

5.3 Student Concerns

During the initial trial in 2012, some students were very positive about the eBook
readers. Even so, many students expressed a preference for hard copy materials. One
student in the trial refused to use the eBook reader and handed it back to the education
officer. A number of students have relayed that they enjoyed using the eBook readers
for recreational reading, but for study they found it too difficult.
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Some students have asked to use the eBook readers and have the hard copy of the
materials as well. They are quite determined to find a way to use the eBook readers
but find it too difficult with the eBook readers alone. Education officers concur, they
have noted that students are very happy to have access to an electronic device and feel
honoured to be part of the trial, yet they are also frustrated that they cannot view mul-
tiple books at once. Some prisoners are frustrated because they can only have one
book open at once when they really need to be flicking backwards and forwards and
between books. Another expressed frustration that windows could not be minimised
to allow the quick switching between materials as on a computer. Because the Be-
Book Pure is true to its name, it doesn’t have any capacity for notes to be taken or text
highlighted. The Sony eBook readers used in the PLETADES pilot trial at SQCC did
have the capacity for notes and highlighting text but many prisoners found them too
complicated.

5.4  Digital Literacy of the Students

During the planning of the projects, it was expected that the digital literacies of stu-
dents would be low. To overcome this, the project team ensured that the education
officers were trained in the use of the technologies. These staff in turn, would train the
students in the use of them. The prior levels of experience of the students with mobile
devices was mixed, with some students (usually those who had been in prison for a
shorter period of time) being more familiar with the technologies than others. The
variability in digital literacies of students as well as staff, impacted extensively on the
effectiveness of both projects. Students did not make effective use of the technologies
as a result of lack of knowledge about how they worked and education officers were
often not aware of the necessary features to assist students effectively in spite of train-
ing by team members. This variability in digital literacies was also evident in the
Triple ‘E’ Project with students struggling to effectively use the eBook readers.

5.5 Copyright

Despite extensive assistance from USQ’s copyright officer, copyright issues were a
major hindrance to the success of the PLEIADES project and necessitated some rede-
sign of the course for the Triple ‘E’ Project. Although most publishers permitted read-
ings to be placed on the eBook readers in the original PDF format, few permitted the
conversion to more usable formats such as ePub without large fees. Affordable copy-
right permissions could not be obtained for two of the articles and the education offic-
er needed to provide these articles in hard copy.

The majority of the course materials were originally only available in PDF format.
This format is difficult to read on eBook readers as the text is often small and zoom-
ing in only increases the size of the page. Users therefore need to scroll back and forth
on the page to read each line of text. Where copyright permitted, documents were
converted to ePub format to provide greater functionality and ease of use for students.
The process to convert these documents was laborious and a number of technical
challenges were experienced. Materials needed to be converted into Rich Text Format
first and the software, Apple Pages, was used to convert to ePub. Styles often did not
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apply consistently within the same documents and tables and images were not con-
verted correctly during this process, requiring extensive reformatting of the docu-
ments. A number of the readings did not convert well when saved as rich text format
from pdf documents. To overcome this, each reading had to be thoroughly checked,
which was enormously time consuming. The aim was originally to combine all course
readings into one document for each week, but the file size of these documents was
too big for the software to cope with and individual files for each reading were
created instead.

6 Conclusion

This paper has outlined many of the challenges faced and contingencies that had to
planned for in the deployment of eBook readers across two projects: the PLEIADES
Project and the Triple ‘E’ Project. In both cases these projects deployed eBook read-
ers in correctional centres in Queensland, Australia for students enrolled in TPP7120
Studying to Succeed. Challenges could be broadly arranged into a number of groups:
technical issues with the eBook readers, issues at the correctional centres, student
concerns, digital literacy of the students and copyright concerns.

Of the seven students who participated in TPP7120 in the Southern Queensland
Correctional Centre in semester 2 2012, two participated fully, one obtaining a High
Distinction and one obtaining an A. Four students in total obtained a passing grade.
Two did not participate in the course at all and received a fail grade and one withdrew
from the course but re-enrolled for semester 3 and obtained an A. It is difficult to
determine whether the participation trends were as a result of the changing technolo-
gies or because of the disruptions within the prison environment which were re-
marked upon by the students in the post-semester 2 focus group in the PLEIADES
Project. Though a very small cohort participated in that trial, the results are encourag-
ing. Though many challenges were encountered, these could be overcome with care-
ful planning and goodwill on the part of both correctional centre staff and USQ staff.

The Triple ‘E’ ran in Semester 1 of 2013 across five correctional centres. As with
the PLEIADES Project, there were many unexpected obstacles in deploying the
eBook readers across the centres. Most were out of control of the research team. In no
case were the delays caused by ill will or were the result of a deliberate attempt to
derail the project. Special mention must be made of the students who have endea-
voured to continue using the eBook readers even when they struggled to make them
work.

Senior management at both the correctional centre and within USQ have acknowl-
edged the importance of supporting further development and advancement of
the projects. Although the security of the technologies was a primary consideration in
the development of the project, no issues were encountered with the students’ use
of the technologies during the trial. It is anticipated that with certain modifications the
eBook readers could provide a solution for other groups of students without access to
reliable internet. These groups would include students from low SES backgrounds,
Indigenous communities, rural, regional and remote communities and students in
countries with poor ICT infrastructure.
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Abstract. Teachers’ perceptions of self-efficacy have been identified as a bar-
rier to widespread integration of mobile learning strategies in teaching practice.
This paper describes the development of the Collaborative Situated Active Mo-
bile (CSAM) learning design framework and the mobile Teacher’s Sense of Ef-
ficacy Scale (mTSES) survey. The CSAM framework aims to help with making
instructional design decisions for using mobile reusable learning objects. The
mTSES survey is designed to measure teacher’s perceptions of self-efficacy
with mobile learning. This paper describes how the CSAM framework and the
mTSES survey were used to develop a professional development course to help
teachers to become more confident with their ability to integrate mobile reusa-
ble learning objects into their teaching practice.

Keywords: CSAM framework, efficacy, mobile learning, mLearning, mobile
RLOs, mTSES, professional development, reusable learning objects, self-
efficacy, teacher training.

1 Introduction

The range of technical solutions available for the implementation of mobile learning
strategies is expanding rapidly. At the same time, there has been an increase in calls
for scholarly discourse around mobile learning to shift away from technical deploy-
ment issues, and towards pedagogical strategies. The urgency to bring mobile learning
pedagogy to the forefront of discourse was highlighted by the panel discussion on
tablet deployment initiatives at the 12" World Conference on Mobile and Contextual
Learning (mLearn 2013) in Doha, Qatar [2]. When asked what he viewed as the sin-
gle greatest barrier to wider adoption of mobile learning strategies, Athabasca Univer-
sity researcher Dr. Mohamed Ally cited the human elements of teachers’ confidence
in both mobile technologies and their own skills with mobile learning pedagogy. Ally
and Prieto-Bldzquez [3] point to one of the reasons why teachers lack confidence with
pedagogies that employ mobile technologies:

The current educational model is outdated because it was developed before the ad-
vent of information and communication technologies. The current model, based
on classroom-based face-to-face delivery, is geared towards educating a certain
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segment of the population. Also, teachers are being trained for the current model of
education, and will therefore continue using the model when they become teachers.
Teacher training must be re-invented to prepare teachers for the technology-
enhanced educational system (pp. 145-146).

Lack of training in the pedagogical considerations for the integration of a specific
type of technology can have a negative impact upon teachers’ perceptions of self-
efficacy. However, Kenny et al. [11] note that:

While a significant body of research exists on learners’ feelings of self-efficacy
concerning computer technology, online learning, and even podcasting... this con-
cept does not yet appear to have been examined in any detail in a mobile learning
context (p. 2).

This paper describes a partnership to explore potential tools and professional de-
velopment strategies to help increase perceptions of self-efficacy for teachers who
want to integrate mobile learning strategies into their teaching and learning practice.
The following section describes the development of the Collaborative Situated Active
Mobile (CSAM) learning design framework and the mobile Teacher’s Sense of Effi-
cacy Scale (mTSES) survey tool. The next section outlines the partnership between
researchers from Ohio State University and a doctoral student from Athabasca Uni-
versity to develop a professional development course integrating CSAM and the
mTSES. The impact of the professional development on perceptions of self-efficacy
amongst participants in the professional development course is the focus of an ongo-
ing doctoral dissertation research project. However, early results from that study can
be used to discuss the effectiveness of the training, and to begin exploring the next
steps in the partnership to develop an open educational resource for teacher profes-
sional development based upon CSAM and the mTSES.

2 Developing Tools to Promote Teacher Efficacy with
mLearning

This section describes the development of two tools that formed the core of a profes-
sional development course designed to help increase teachers’ perceptions of self-
efficacy with mobile learning strategies. The first tool is the Collaborative Situated
Active Mobile (CSAM) learning design framework. The second tool is the mobile
Teacher’s Sense of Efficacy Scale (mTSES).

2.1  The Collaborative Situated Active Mobile Learning Design Framework

The CSAM framework has been developed to highlight the primary pedagogical
components of instructional design for mobile reusable learning objects (RLOs) used
to facilitate collaborate learning. A mobile RLO is a “digital object that can be [ac-
cessed via a mobile device and] reused to facilitate and support learning activities”
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[14], [22]. Collaborative learning refers to learning activities in which participants are
mutually engaged towards achieving a shared goal [8].

An analysis of examples of mobile RLOs presented in recent mobile learning lite-
rature reveals four primary pedagogical elements addressed by their instructional
design. These pedagogical elements are a focus on Collaborative learner interactions,
Situation of the learning in an authentic or meaningful context, Active engagement in
learning and the production of artefacts of learning, and the affordance of Mobility in
terms of time, space, and learning strategies [15, 16]. The key elements of the CSAM
learning design framework are depicted in Figure 1.

Gaz S =

Collaborative Situated

Effective
Collaboration

Active Mobile
)7/

Fig. 1. The CSAM learning design framework

A more detailed qualitative meta-analysis was conducted on 403 recent articles and
chapters on mobile learning. The samples were from textbooks and conference pro-
ceedings publications between the years 2009 and 2014 [1], [4], [5], [7], [12], [13],
[17], [19], as well as the first five volumes of the International Journal of Mobile and
Blended Learning [10]. Over one quarter of all of the sample publications either fo-
cused on mobile RLOs, or provided a mobile RLO or a suite of mobile applications
used as supporting examples in the article or chapter. Of the publications identified as
RLO examples, 86% focused on collaborative learning strategies. Of the RLOs identi-
fied as intended for collaborative learning, 96% explicitly addressed all four of the
CSAM pedagogical framework components. The prevalence of CSAM-compliant
RLOs in recent mobile learning literature is depicted in Figure 2.
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Fig. 2. Prevalence of CSAM-compliant RLOs in recent mLearning literature

2.2 The Mobile Teacher’s Sense of Efficacy Scale

The mTSES survey tool is designed to measure teacher’s perceptions of self-efficacy
with respect to integrating mobile RLOs into their teaching and learning practice. The
survey was adapted from the Ohio State Teacher’s Sense of Efficacy Scale (TSES)
[20, 21]. The TSES survey was selected for this research study and professional
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development resource because its reliability and construct validity have been pre-
viously established through comparison with the Rand scale and the personal teaching
efficacy and general teacher efficacy factors of the Gibson and Dembo instrument
[20].

The original TSES instrument consists of 24 questions using a nine-point Likert-
scale to rate perceptions of self-efficacy in the areas of student engagement, instruc-
tional strategies, and class management skills [20, 21]. Minor changes were made to
the wording of some questions from the original TSES for contextualization purposes.
Those questions that were modified were added to the original set of TSES questions,
resulting in a new 38 question survey. The combination of the TSES and mTSES
questions into a single instrument allows for measurement and cross-comparison of
teachers’ perceptions of self-efficacy for teaching practices and general, as well as the
use of mobile learning strategies. Benton-Borghi [6] used a similar strategy to adapt
the TSES for a new instrument called the Inclusion Teacher’s Sense of Efficacy Scale
(I-TSES). The I-TSES was developed in the context of measuring teacher’s percep-
tions of self-efficacy with using technology to facilitate the inclusion of students with
disabilities. The dissertation research study being undertaken by one of the authors
[18] will use the procedures outline by Benton-Borghi [6] to conduct statistical ana-
lyses to determine the actual construct validity and reliability for the mTSES. It is
anticipated that the wording changes for the mTSES will have a similar effect upon
both construct validity and overall instrument reliability when compared to the TSES
as those observed by Benton-Borghi [6] for the I-TSES.

3 Exploring Strategies to Promote Teacher Efficacy with
mLearning

The CSAM learning design framework and the mTSES survey instrument form the
core of an online professional development course called Creating Mobile Reusable
Learning Objects Using Collaborative Situated Active Mobile (CSAM) Learning
Strategies. The course was developed in partnership between the authors as part of a
doctoral dissertation research study [18], and was conducted in the May of 2014. Par-
ticipants in the course included approximately 70 teachers and graduate-level educa-
tion students affiliated with Ohio State University, Athabasca University, College of
the North Atlantic, and College of the North Atlantic-Qatar.

Participants in the professional development course were introduced to key mobile
learning concepts, including the CSAM framework. Learning activities included using
the CSAM framework as a lens for exploring the instructional designs of mobile
RLOs presented in recent literature, using CSAM to guide participants’ own instruc-
tional design plans for mobile RLOs, using free online tools to develop mobile RLOs,
and using the CSAM framework to guide reflective practice after building a mobile
RLO. Free online tools were used by course participants to build their mobile RLOs
so that they could focus on pedagogical instructional design decisions. The mTSES
survey was used at the beginning of the course to measure participants’ pre-course
perceptions of self-efficacy with mobile learning. Participants were asked to reflect
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upon their initial mTSES scores, and to contribute a discussion forum posting about
what their scores told them about their confidence with mobile learning. The mTSES
survey was used administered again in the final module of the course, and, again,
participants were asked to reflect upon their scores and how their scores might have
changed since the beginning of the course.

The Creative Mobile Reusable Learning Objects Using Collaborative Situated Ac-
tive Mobile (CSAM) Learning Strategies course was developed using the Canvas
open learning management system. The Canvas LMS is free for use by individual
teachers, and can also be licensed for use by educational institutions [9]. The Canvas
LMS was selected because it allows for participant self-enrollment in courses, and is
optimized for access using either a personal computer or a mobile device. The course
consists of six modules, as outline in Table 1:

Table 1. Course modules for Creating Mobile Reusable Learning Objects Using Collaborative
Situated Active Mobile (CSAM) Learning Strategies

Module Topic

Module 0 Getting Started

Module 1 Exploring Your Skills with mLearning

Module 2 Introduction to Using Mobile RLOs for Collaborative Learning
Module 3 Planning to Use Mobile RLOs

Module 4 Creating Mobile RLOs

Module 5 Reflective Practice

Data collection for the doctoral dissertation study included the two in-course
mTSES survey administrations, follow-up interviews with selected course partici-
pants, and a third mTSES survey administration to be conducted four months after the
completion of the professional development course. The two in-course mTSES survey
administrations will be analyzed to show changes, if any, in teachers’ perceptions of
self-efficacy between the beginning and the end of the course. The forthcoming third
mTSES survey administration will be used to determine if any changes in perceptions
of efficacy resulting from the training are sustained over time. The follow-up inter-
views will be qualitatively analyzed to provide further insights into participants’
perceptions of self-efficacy with mobile learning, the value of the course as a profes-
sional development tool, and the utility of the CSAM framework as a guide for in-
structional design decision-making.

4 Early Results and Next Steps

Data collection for the dissertation research study is ongoing. Early results of the
analyses of the first and second mTSES survey administrations are expected to be
available by November 2014. Analyses of the follow-up interview data and the third
administration of the mTSES survey are expected to be available by January 2015.
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The intent of the partnership for the dissertation research study and the develop-
ment of the training course with Ohio State University is to determine how useful the
CSAM framework, the mTSES survey, and the training course itself are in promoting
increased teacher self-efficacy with mobile reusable learning objects. The findings of
the research study will be used to guide iterative improvements to the design of the
Creating Mobile Reusable Learning Objects Using Collaborative Situated Active
Mobile (CSAM) Learning Strategies course. Course instructional design improve-
ments will be integrated into the development of a stand-alone reusable learning ob-
ject that can be incorporated into professional development programs by schools and
teacher-training institutions. A preliminary version of this RLO has already been de-
veloped for use with the Canvas learning management system. Canvas users can
download a version of the original professional development course that has been
exported as a data-pack file. The data-pack can be imported into a new course using
Canvas, and can then be adapted to meet the training schedule needs of the users’
institution.

5 Conclusions

It is premature to draw conclusions about the effects of the CSAM learning design
framework, the mTSES survey, or the online professional development course, on
teachers’ perceptions of self-efficacy with mobile learning strategies. However, the
partnership that has led to the development of the Creating Mobile Reusable Learning
Objects Using Collaborative Situated Active Mobile (CSAM) Learning Strategies
course has verified the prevalence of the CSAM pedagogical components in mobile
instructional design for collaborative learning. It is hoped that the CSAM framework
can help more teachers to become comfortable and confident with making decisions
about how and why to integrate mobile RLOs into their teaching and learning prac-
tice. It is also hoped that the resources developed for the professional development
course discussed in this paper will help increase perceptions of self-efficacy by allow-
ing teachers to focus on pedagogical decision-making without needing to master
complex web and mobile application authoring tools.
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Abstract. Findings from a student survey at a Swedish upper secondary school
class concerning the use of mobile phones for school work are presented in this
paper. A previous study indicated that a majority of the students did not regard
the mobile phone as an appropriate tool for school work at school. However
56% of the students stated that they used mobile phone for school work at home
every week (Haglind, 2013). In relation to the previous study this paper ex-
plores the students’ perception of the mobile phone as a tool for school work in
school and the students’ use of it for learning at home. The results indicate that
the mobile phone can be described as a boundary object between the students’
social worlds of home and of school. The results also show that the students use
their mobile phones for school work related tasks, when the task is suitable for
the mobile phone format.

Keywords: Boundary objects, mobile phone, school work, usage, 1:1, upper
secondary school.

1 Introduction

Our modern way of life is highly dependent on connected technologies and activities
mediated by those technologies e.g. laptop computers, tablets and mobile phones.
This affects several layers of the society including school (OECD, 2012).

In Sweden, like in many other countries, several schools are 1:1 schools. In a re-
port to the Swedish Municipalities and County Councils Hylén (2013) states that
many municipalities have on going or are planning 1:1 projects. This means that the
school equips every student with a digital tool, often a laptop or a tablet. However, the
devices provided by the school, are not the only technology students have at hand.
Today, most students also have a mobile phone in their possession (Norris and Solo-
way, 2010). In Sweden in 2013, 99% of the population in the age span 15-24 years in
their homes had access to some kind of mobile phone. 90% had access to smartphones
(NORDICOM, n.d.). Throughout the society outside of school mobile phones are
important tools for communication. In school the use of mobile phones are more
scarce. Students’ use and even possession of mobile phones in classroom context is
contested (Ott, 2014). However, as a report from the European Commission (2013)
concludes, students bring their mobile phones to school no matter if the school
supports a use or a ban of mobile phones.

M. Kalz et al. (Eds.): mLearn 2014, CCIS 479, pp. 69-80, 2014.
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The question might not be if but ~ow mobile phones are to be used for learning in
school. “[...] we may feel that mobile learning is no longer an innovation within insti-
tutional learning but a reflection of the world in which institutional learning takes
place” (Traxler and Vosloo, 2014, p. 21). It is then interesting to find out more about
how students use their private mobile phones for school work at home. It can be uses
that might transfer to the school work in school. The students might be used to tackle
problems in certain ways that involve usage of mobile phones. It might also be that
the students have competences for using mobile phones for problem solving relevant
to school work. These habits and competences are not left at home when entering
school. This paper reports of a small-scale study of this issue, conducted in a 1:1
learning environment.

2 Problem Area

The problem presented in this paper originates from different ways to perceive vari-
ous modern technologies as tools for learning. Technologies like mobile phones, lap-
tops and tablets are mobile, connected and personal. These devices can be utilized for
learning when moving between formal and informal learning settings, in and out of
school, and between various communities (Chan et al., 2006). Mobile learning as an
approach to learning entails learning mediated by mobile technologies, making the
learner mobile (Sharples et al., 2007). Mobility can be understood as temporal, spatial
and contextual (Kakihari and Sgrensen, 2002). One of the two most active areas of
research within the field of mobile learning at present is the use of portable devices to
support the curricular learning (Sharples, 2013). Mobile technologies, e.g. mobile
phones, are now ubiquitous in most parts of the society including school (Norris and
Soloway, 2010). According to O“Bannon and Thomas (2014) mobile phones can sup-
port creativity, collaboration, connectivity, reflection and instruction in the classroom.
But there are also stumbling blocks to mobile phone usage in the classroom e.g. dis-
ruption, cheating, texting, sexting, cyber bullying and poor technological infrastruc-
ture (ibid). And there are many factors affecting the learning outcome, for example
learners’ motivation and attitudes towards using technologies; their skills in using
technologies; access to technologies; and the nature of technological use (Adhikari et
al., 2012). When it comes to the nature of technological use, use in informal settings —
in students’ everyday life in non-schooling context — is different from use in formal
educational settings.

Mobile phones typically do not belong to curricular activities. They are predomi-
nantly tools used in non-curricular and personal activities. Although students appre-
ciate some benefits of technology for making their school work more productive, they
do not expect a teaching radically changed by technology. However OECD (2012)
suggests this could change, if the experiences of using technology are more reward-
ing.

In order to understand the premises for using mobile phones as tools for
school work it might be productive to consider the boundaries between school and non-
school activities and mobile phones as boundary objects (Akkerman and Bakker, 2011;
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Star, 2012). Students in school can be regarded collectively or as individuals. They
are brought together in various constellations by school activities and by school or-
ganization. In the wording of Wenger (1998), they may share repertoire and may have
a mutual engagement when collaborating, but basically they are their own enterprises.
Their success or failure is personal. Phelan et al. (1991) suggest that students are par-
ticipating in several social worlds with stronger or weaker boundaries between them.
These worlds can be family, school, and peers. Students have to handle and to move
between these social worlds, which do not always share a common ground of values
and norms.

Akkerman and Bakker (2011) state that all learning involves boundaries. Students
develop competences on different levels in crossing boundaries between different
social worlds. These competences are of importance for the students’ capacity to use
the school system as stepping stone for a successful life (Phelan et al., 1991).

Boundaries are comprised by sameness and continuity as well as socio cultural dif-
ferences that generate discontinuity in action and interaction (Akkerman and Bakker,
2011). The boundary entails a shared space where the sense of the own and the oth-
ers’ practices are being mixed up (Star, 2010).

Crossing boundaries could be done either by brokering, people who transfer ele-
ments of different practices between practices, or by boundary objects (Wenger,
1998). Boundary objects are objects of interpretive flexibility and objects of action. A
boundary object resides between social worlds where it is poor structured. It is an
object that is perceived more as private than as shared. Further it is an object that in
the absence of consensus between the cooperating groups causes the subjects to wob-
ble between the local and shared perception of the object (Star, 2012).

There is a contradictory relation between an interpretive flexibility and common
recognition, “[...] boundary objects have different meanings in different social worlds
but at the same time have a structure that is common enough to make them recogniza-
ble across these worlds” (Akkerman and Bakker, 2011, pp.140-141). Boundary ob-
jects have a strong structure in their own social world. In the boundary the structure is
weak. If a strong common structure is developed around the object, it is no longer a
boundary object.

In a study of use of ICT in school and out of school, carried out in 2013, 56% of
the students stated they use their mobile phone for school work at home at least once a
week or more often (Haglind, 2014). When the students were asked to rank how they
appreciated different technologies in relation to their functionality regarding school
work, mobile phones (Android and iPhone Smartphones) were by most respondents
not regarded as a suitable alternative (Haglind, 2013). In group interviews the stu-
dents expressed that they did not think of it as a good idea to let them use their own
technology in school (Haglind, 2013).

This study shows that there is a contradiction between the students’ use of mobile
phones for school work at home and their perception of it as a suitable tool to be used
for school work in school. The study presented in this paper intends to focus this am-
biguity by unpacking the perceptions of the tool. We connect this ambiguity to the
crossing into the boundaries between different social worlds. The boundary for the
students resides in the area where social world of school and social world of the home
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are confounded. Certain tools can be linked to that area as being boundary objects.
The objects both bridge and separate the social worlds. We identify the mobile phone
as being one such object. How this is enacted in the group of students is what we
examine. The relationship between the students’ use of the mobile phone for school
work at home and their perceptions of school work related use of mobile phones in
school is in focus.

3 Method

A survey was distributed to an upper secondary school class in the Business Man-
agement and Economics program in a Swedish midsized city. Several studies regard-
ing 1:1 initiatives in Sweden have been conducted during the past years (Gronlund et
al., 2011 & 2013; Hakansson Lindqvist, 2013; Samuelsson, 2014).

The school in this paper is one of four upper secondary schools that have been
subject of a larger study. The study is an evaluation of an on going 1:1 initiative, con-
ducted over two years in the municipality. The evaluation indicates that the imple-
mentation of ICT in the municipality shares common features with the utilization of
ICT in other Swedish municipalities. ICTs are mainly use for utilization of the LMS,
for writing texts, for seeking information, for taking notes and for communication.
The evaluation in which the school in this paper were part indicates that the school
does not deviate from the other schools and can be considered an ordinary Swedish
school (Player-Koro et al., 2014a).

The school has both vocational program and preparatory program for higher educa-
tion. The study was conducted at the Business Management and Economics Program
and this program is a preparatory program for higher education. The survey involved
one school class of thirty-one students in their first year at the upper secondary
school. The class can be considered as being a quite regular class.

To reach an extended understanding of the ambiguous results of the 2013 study
(Haglind, 2013) a second data collection was carried out in 2014 with the same stu-
dents. In the 2014 study the students were asked questions about their use of mobile
phones for school work. The small sample size of the study raises questions concern-
ing the conclusions that can be drawn from the data and about generalization of the
results. However, since the study presented in this paper is carried out within a larger
study of an ongoing 1:1 initiative, we argue that our data add important information
on students’ use of ICT for school work.

The survey was distributed in the classroom during a lesson and answered on pa-
per. Twenty-eight students of which fourteen were males and fourteen were females
answered the survey.

The questions in the survey were:

1. Are you a male or a female?
2. Do you own a mobile phone, if so what kind; a smartphone or a regular mobile
phone?
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(98]

. Do you carry your mobile phones with you to school every day?

4. Regarding digital technology, what of a user are you; beginner, normal, habituate
or expert?

5. Below there are a number of activities listed where you use the mobile phone for
school work at home. Specify how often these activities occur in your school
work? (for the categories see table 1).

6. What do you think is suitable areas of use of the mobile phone for schoolwork in
school? (for categories see table 2).

7. What obstacles do you experience for using the mobile phone for school work in
school?

8. How would you like to use the mobile phone for the school work in school?

Question one, two, three and four were used as background variables. Question five,
six, seven and eight were analysed in relation to these. The methods of analyses were
descriptive, using frequency analyses and crosstabulations. Non-parametric testing
procedures (chi-square tests) were applied. Answers on open questions were analysed
based on their content and categorized.

In gathering data in the Player-Koro et al. (2014a) evaluation study, a survey was
distributed to the upper secondary teachers in the municipality’s schools during the
spring of 2013. One of the questions the teachers were to answer was to what extent
they allowed students to use their mobile phones in their lessons. On the Likert scale
value 1 was not at all and value 5 was to a very high extent. Six teachers on the Busi-
ness Management and Economics Program answered the question and the mean value
was 1,83. The teachers on the Business Management and Economics Program at the
school were not particularly allowing of mobile phones in their lessons. However this
does not mean that they were negative to using ICT in their instruction. Results from
the 2013 survey (Haglind, 2013) show that a majority of the teachers teaching the
class have a positive attitude towards ICT.

4 Results

Twenty-six students stated that they owned a smartphone and two owned a regular
mobile phone. All of the students stated that they brought their mobile phones to
school every day. Twelve students regarded themselves as expert users, twelve re-
garded themselves as habituate users and four regarded themselves as normal users.
No student choose the lowest user category beginner.

All of the students stated that they use the mobile phone for school work at home
for some purpose at least once a month. 93% of the students stated they use it for
school work at home weekly. 61% use it more than three times a week and thirty-two
percent use the mobile phone for school work at home 1-3 times a week.

Table 1 presents the statistics of the students’ answers regarding their specific uses
of mobile phones for school work at home.



74 T. Ott, T. Haglind, and B. Lindstrém

Table 1. Frequencies of students' use of mobile phones for school work at home

At least 1-3
oncea times/ 3 times/
Never month  week week< Daily

I cooperate with my classmates by texting 11 50 25 0 14
I cooperate with my classmates by talk or video calls 54 25 7 11 4
I cooperate with my classmates by social media 11 47 25 14 4
I communicate with my teachers 61 32 4 4 0
I use the mobile phone to access the LMS 43 29 21 0 7
I browse the Internet for information 21 11 32 18 18
I take pictures for school assignments 36 29 29 0 7
Irevise lesson notes 50 21 25 0 4
I look at pictures 26 30 22 0 22
I record audio and video 61 29 0 4 7
I edit audio and video 64 14 4 7 11
I use the mobile phone to connect the computer to the

Internet 39 50 11 0 0
I watch informational films on the Internet 61 39 0 0 0
I watch material produced by the teacher 55 30 7 4 4
I write texts for school assignments 78 11 4 7 0
I use the mobile phone as calculator 4 11 52 30 4
I use the mobile phone for translation of words. 11 11 53 18 7

(Numbers are in percentages. N=28.)

The most common uses among the whole class were cooperation with the class-
mates by texting; cooperation with the classmates by social media; browsing the In-
ternet for information; looking at pictures; calculation; and translation of words.

One question is if there are any differences between the expert user group and the
group of normal and habituate users regarding frequency of specific type of use. Per-
forming chi square-tests, the only significant (p=0,015) difference found concerned
the students’ use the mobile phone to access the LMS. It was more common among
the expert users.

Another matter of interest is what students’ appreciation of the mobile phone as a
tool for school work in school are. The students were asked to consider various uses
and decide on one of two alternatives, appropriate or not appropriate. Table 2 displays
the percentage of students stating a particular type of use of the mobile phone as
appropriate in school settings. Values <50% are highlighted in grey.

Table 2 indicates that in school the students regard the mobile phones as an appro-
priate tool for most uses except for revising lesson notes, watching material produced
by the teacher and for writing school assignments. The usage areas that the students
find most appropriate to use the mobile phone for school work at home for are typi-
cally valued as highest with respect to appropriateness for school work in school, e.g.
browsing the Internet for information; calculation and translation of words; coopera-
tion with the classmates by texting and by social media; looking at pictures; and
taking photos for school assignments.
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Table 2. Proportion of students positive to different types of use of the mobile phone for school
work in school

Type of use Normal Expert Al
and habi- users**
tual users*

For cooperation with my classmates by texting 88 67 79
For cooperation with my classmates by talk or

video calls 69 42 57
For cooperation with my classmates by social

media 88 58 75
For communication with my teachers 69 33 54
To access the LMS 69 75 71
For browsing the Internet for information 88 92 89
For taking pictures for school assignments 88 92 89
For revision of lesson notes 50 50 50
For looking at pictures 75 75 75
For recording audio and video 81 75 79
For editing audio and video 63 25 46
To connect the computer to the Internet 63 58 61
For watching informational films on the Internet 56 42 50
For watching material produced by the teacher 50 42 46
For writing texts for school assignments 38 17 29
For calculation 100 100 100
For translation of words. 81 100 84

*N=16 **N=12%** N=28

Comparing the expert users with the normal and habituate users a difference in
judgement is revealed. The students that classify themselves as expert users tend to be
more sceptical than the group of normal and habituate users. More specifically, expert
users are more sceptical regarding communicative use areas.

Another question is what obstacles for using mobile phones for school work in
school the students identify. Using content analyses, four themes of obstacles could
be identified from the students’ answers; size, cheating, teachers and distraction (table
3). Some students identified several obstacles.

Noteworthy is that the students tend to state cheating and teachers separate. The
two words do not always occur together in the students’ answers.

Having identified obstacles for utilization of mobile phones for school work in
school it is also of interest to investigate what uses of mobile phones for school work
in school the students might desire. Some desirable usage areas mentioned by the
students were; for calculation twenty-five percent, for browsing information eighteen
percent, for translation of words fourteen percent for communication eleven percent
as a calendar and for taking pictures eleven percent. 46% of the students however
stated that they either do not know, or that they do not want to use their mobile
phone for school work. The reason why is because they have a computer. This is
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Table 3. Obstacles for use of mobile phones for school work in school

Theme ) Quotation

Size 39 “It is too small. It is more flexible and faster to use a computer.
Also the mobile phone has smaller screen (S22).”

Cheating 21 “Cheating. If there is a test you can use information on the
phone and check. [...] (510).”

Teachers 21 “That teachers do not want the mobile phone to be used dur-
ing lesson (S23).”

Distraction 21 “Distractions for most (S26).”

exemplified with the following two answers from the survey: “Rather not, prefer us-
ing the computer, there you have a bigger screen and it is easier to have several tabs”,
and “Ideally nothing, since it is my private thing. But it facilitates little now and then.
Boring when you have to share your Internet”.

5 Discussion

The results presented indicate that the mobile phone is not an integrated tool for
school work in school, but yet the students use it for school work at home. All of the
students bring their mobile phones to school every day. But from the students’ an-
swers regarding desirable usage areas and obstacles for using the mobile phones we
can assume that the mobile phone is not an integrated tool for school work in school.
The results reveal that the mobile phones in the class examined is functioning as a
boundary objects as defined by Star (2010). The boundary objects are unstable and ill
structured in the boundaries. Crossing the boundaries is done, but it is not done with-
out hesitation. The school work related areas and purposes the students find the mo-
bile phone appropriate for in school are also the areas in which they tend to use them
at home.

The students identify several obstacles for their use of the mobile phone for school
work. The students that describe themselves as expert users are more restrictive and
selective regarding appropriate school work usage areas of the mobile phone. It might
be that the more demanding the use of the mobile phone is, the more evident are its
shortcomings. Almost half of the students stated that they did not know what to do
with the mobile phone, or that they did not want to use it for school work. Plausible
explanations for this could relate to how school tasks are constructed; how the stu-
dents are used to solve tasks in school and the students’ teachers attitudes for using
the mobile phone for school work. The structure of school tasks and the tools that are
supposed to be used in working with them are set. The mobile phones does not belong
the primary repertoire of tools to be used. Also, as one student stated, the mobile
phone is a private thing. It belongs to the social worlds outside school. And the stu-
dents to some extent use their mobile phones for school work at home.

Mobile phones are ubiquitous in society. Access to mobile phones in the age group
is high. The data indicates that for solving school tasks at home the students develop
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certain patterns of use that involve mobile phones. The students do however not fully
acknowledge that these patterns of use is appropriate in the school setting.

The mobile phone is crossing the boundaries between the social world of home or,
more generally, everyday life and the social world of school. The students do not in
unison perceive the mobile phone as a tool desirable to utilize for school work. Quite
a few of the students claim that they do not know what to use the mobile phone for, or
that they do not want to the mobile phone for school work in school. Still they do
bring the mobile phone to school and identify several possible school work related
usage areas. Moving into the curricular social world of the school the mobile phones
is not left in the social world of everyday life outside school. One way to look at this
is that the students construct the mobile phone as a boundary object. School and the
teachers are mostly reactive to this process, even though some of them acknowledge
the mobile phone as a potential resource. And as a private tool for students to be used
outside curricular activities.

They also regard the computer as a more functional tool for school work in school.
Most of the students regard the mobile phone as a compliment but not as a substitute
to the computer.

The limitations that the students experience with the mobile phones could be
grouped into four categories: Limitations in the devices; perceptions of the devices;
distraction and the nature of school work in relation to the potential of the device.

When the students in the survey of 2013 are asked whether they think that the mo-
bile phone is a suitable tool for school work, many of them answer no. But when “un-
packing” the question and asking them about specific range of use, we see another
pattern in the answers. Students are answering in positive terms when presented with
specific potential use areas.

Studies of 1:1 initiatives show that student use their laptop computers in school
most for writing texts, taking notes and downloading material from the LMS (Skol-
verket, 2013; Player-Koro et al.; 2014a). Mobile phones are less optimal for these
types of use. Some tasks are more conveniently carried out with a computer (write
texts, take lessons notes, download big files) and some things are easier to do with the
mobile phone (e.g. taking pictures, recording audio, and to communicate). Both tech-
nologies can, however, be regarded as mobile devices, but they have different inter-
faces supporting different uses.

Player-Koro et al. (2014b) show that although a school has integrated a new digital
tool this does not have to mean that the way of organizing school has changed. In
their study, the way schooling is carried out is still to be considered traditional. How-
ever, within frames of a traditional way of organizing school activities, there are ac-
tivities where students (and teachers) use technology in a way that are renewing the
work of instruction and learning. Even though the school might be traditional in some
sense, students in this study identify uses supporting collaboration and communica-
tion in school. For tasks such as writing texts for school assignments, the students do
not find the mobile phone a suitable tool. But for other tasks the digital development
has changed its conditions, e.g. information seeking.

Students generally expect their education to be traditional, but they appreciate
technology if it enhances their productivity OECD (2012). To the students it is not
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rational to use a highly mobile device to solve traditional tasks designed to be per-
formed sitting in the classroom. In accordance with O’Bannon and Thomas (2014) the
results indicate that there are both benefits and obstacles for using mobile phones in
school. The results show that all of the students use their mobile phones at home for
school work related usage areas that they think the devices can handle; cooperation
with the classmates by texting, cooperation with the classmate by social media,
browsing the Internet for information, looking at pictures, using the mobile phone as a
calendar, using the mobile phone for translation of words and calculation. A lower
frequency of use at home is reported concerning activities that the students do not
think the mobile phones is a proper tool for. There is also a lower frequency of use in
usage areas that the mobile phone potentially could be a proper tool for; recording
audio and video and to some extent taking pictures for school assignments. These
areas of usage coincide with activities that the students state that they also seldom use
their Chromebooks for (Haglind, 2013). The introduction of Crombooks and iPads, or
other mobile surfing devices, is a contemporary development that points at the impor-
tance of considering also the mobile phone as a tool in school. Especially since these
kinds of devices essentially are upsized mobile smartphones.

Boundary objects are unstable and the mobile phone is mainly residing in the so-
cial world of home (or everyday life outside school). Future research will have to
examine whether it will remain a boundary object or if school will annex the mobile
phone into its digital toolbox.

The students’ usage of their mobile phones for school work at home is dependent
on the task. If solving of the task benefits from the use of the mobile phone the stu-
dents see no hindrance for using it.

To summarize the two surveys, the picture that arise from the questions concerning
mobile phones and school work are ambiguity. We explain that ambiguity with the
mobile phone being a boundary object between the students’ social world of home
and students’ social world in school, at least concerning school work. The students
use the mobile phone for school work at home, they identify several usage areas for
which the mobile phone could be a suitable tool, still they identify severe hindrances.
As a boundary object, the mobile phone also has affordances that potentially can be
picked up more broadly by students and teachers and in the end serve school work in
productive ways.
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Abstract. This paper reports preliminary findings based on a survey that
explored students’ perceptions of mobile device usage in the classroom and
policy suggestions for appropriate practices to use the devices during class time.
The survey was administrated to undergraduate students enrolled in two courses
in different countries namely Brazil and United Arab Emirates. Key results
suggested that the Emirati and Brazilian students tended to rare use of mobile
devices to engage in content and non-content related activities during class
time. However, both groups are bringing their mobile devices to the classroom
and have suggested policies for appropriate practices to use those devices in the
classroom.

Keywords: Mobile devices, classroom, student perceptions, policies for
appropriate practices.

1 Introduction

Mobile technologies such as mobile phones have evolved rapidly to become
lightweight, more powerful and small enough to fit in one’s pocket [1,2]. Smart
phones and tablets, in particular, will continue evolve in capacity and functionality
tending to replace laptops [3]. We are now living in the mobile age [4] where
individuals use Internet-enabled mobile devices anytime and anywhere to perform a
variety of activities. Inevitably, Higher Education (HE) institutions are experiencing
an influx of students’ personal mobile devices on their campuses.

Mobile technology ownership among university students is widespread, with
predictions to increased ownership including among low income students [5, 6].
Students’ personal mobile devices, as noted by Parsons [7, p. 223] “...[open] up
major new opportunities for digital learning in the classroom, since the old constraints
of having to provide all learning technologies from central resources gradually fade
away.” Research has shown that mobile devices can potentially support classroom

* Corresponding author.

M. Kalz et al. (Eds.): mLearn 2014, CCIS 479, pp. 81-91, 2014.
© Springer International Publishing Switzerland 2014



82 IL.M. Santos and O. Bocheco

activities [8, 9, 10]. However, mobile technologies students bring to the classroom
can disrupt lecturers [11, 12]. Universities are faced with challenges on how to
implement effective policies regarding mobile device usage in the classroom [13].
Additionally, many instructors may not know how to deal with the disruptions and
some may not even be aware there is a problem [14].

As observed by Parsons [7], it would be unwise to focus only on the positive
aspects of mobile devices. In this respect, researchers have started acknowledging the
importance of investigating the use of mobile devices in the classroom aiming to
better understand disruptions caused by those devices as well as explore policies for
appropriate practices [13], [15] ,[16]. Further research is needed to advance
understanding on disruptions caused by mobile devices and inform policy
development [16]. In addition, Tindell and Bohlander [13] recommended researchers
to conduct studies with different groups of students and institutions to advanced
knowledge in this field of inquiry. In line with the need for more research and taking
into account the widespread ownership of mobile devices in our institutions, we
explored student and faculty perceptions of mobile device usage in the classroom and
policies for appropriate practices. The study was implemented in three undergraduate
courses taught in three different countries namely Brazil, Egypt and the United Arab
Emirates (UAE) during the academic year 2013-2014. The study adopted multiple
methods of data collection including survey, focus group and individual interviews.
This paper presents preliminary results based on the survey results administered to the
students enrolled in the UAE and Brazilian courses only.

2 Literature Review

Students’ personal mobile devices can potentially enhance classroom learning
experience [10], [17]. However, they can also disrupt the lessons [12], [18]. Research
has reported common disruptions caused by mobile devices during class time
including phone ringing or vibrating, text messaging, sending or reading emails, and
using social media such as Facebook and Twitter [15], [19], [20], [21]. These
disruptions may impact on instructors’ decision on whether they would allow personal
mobile devices in their classes. For example, Thomas and Bannon’s [11] research
explored pre-service teachers’ perceptions of using mobile phones in the classroom.
The majority of the participants suggested class disruption and cheating as main
barriers to using phones in class. The authors stressed that these concerns expressed
by participants equally apply to other mobile technologies used in class such as iPads.

Researchers like Campbell [19] studied both faculty and student perceptions of
mobile devices in the classroom as a source of disruption. Through a survey delivered
across disciplines, Campbell [19] reported phone ringing as a source of in-class
distraction for both faculty and students and support for policies restricting phone
usage in class. However, further analysis suggested that, in comparison with older
participants, the younger counterparts reported significantly less support for policies
banning phone usage in class and more tolerance for phone ringing. Similarly, Burns
and Lohenry [20] found that most of the faculty and students agreed that mobile
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phones were a source of disruption in class. Additionally, more than half of the
students were aware of policies regarding phone usage in class. Yet, 76.3% of the
students suggested that their phone had rung during class time.

The above studies were more concerned with studying disruptions caused by
mobile devices in the classroom, in particular, mobile phones. Others have
investigated how students use mobile technology in the classroom to provide better
understanding of disruptions and explore students’ perceptions of policies for
appropriate practices in the classroom [13], [16], [22]. Based on a survey
administrated to undergraduate students, Jackson [16] found that many of the students
used their devices for both academic and non-academic activities during class time.
The study further reported that many students considered mobile phones as a
distraction to their learning. In addition, most of the students suggested that
instructors should have clear policies regarding mobile technology use in the
classroom. A survey conducted by Tindell and Bohlander [13] indicated that the
majority of students admitted sending or receiving text messages during class time,
with some even indicating texting every day. Students also mentioned they had
observed their peers performing a similar activity during class time.

Baker, Lusk and Neuhauser [15] used a comprehensive survey to investigate both
student and faculty perceptions regarding use of mobile phones and other devices in
the classroom at three public universities in the United States. Contrary to other
studies [19], Baker, Lusk and Neuhauser found significant differences between
faculty and student perceptions of whether mobile devices disrupted lectures. The
authors stated: “In every instance in which we found a difference, students perceived
electronic devices to be more appropriate, and less disruptive, than faculty members
did” (p .285). For example, both faculty and students stated that phone ringing
bothered them; however, the former viewed phone ringing as more disruptive. In
addition, students tended to favor democratically decided policies while faculty
favored more university-wide policy regarding use of mobile devices in class. The
survey also sought information on students’ frequent use of mobile devices to perform
certain activities. For example, on a typical semester, 71% of the students said they
had never taken a call during class time. Many of the students were engaged in text
messaging, checking emails or text message; however, the frequency varied. For
example, a quarter of the students stated sending text messages in almost every class
while 15% sent 5-10 text messages per week.

While the above studies relied more on surveys, Gikas and Grant [8] adopted a
qualitative small scale study to investigate student and instructor perceptions of
implementing mobile technology in their courses at three different universities in the
United States. The study reported that some instructors from the three universities
perceived the devices as inappropriate and asked students to store them away when
entering the classroom. Findings further suggested that the average students at one
university felt that, at times, mobile devices can be disruptive. The results indicated
that social networking applications used for non-academic activities potentially
threatened their concentration. In contrast, older students from one of the universities
felt the devices were not disruptive.
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With regard to policies to guide appropriate practices in the classroom, McCoy
[22] found that the majority of the participants were in favor of policies to manage
disruptions caused by mobile devices in the classroom. However, Baker, Lusk and
Neuhauser [15] suggested that administrators should consider both student and faculty
opinions before creating mobile device usage policies for the classroom. In a similar
vein, Jackson [16] reported that students would like instructor to consider their
opinions when suggesting policies to manage mobile devices in the classroom.

3 Context and Participants

This paper is based on two case studies that explored students’ perceptions of mobile
devices usage in the classroom and policy suggestions for appropriate practices. Study
1 was conducted at a Higher Education institution in the United Arab Emirates
(UAE). A 15-week course offered within the Bachelor of Education program in Year
1 was selected for the study. Nineteen out of 20 Emirati female students enrolled in
the course gave their consent to participate in the study. More than half of the
Emiratis (53%) were under 20 years old. Thirty five percent were within the age
group 20-25. One student was in the 26-30 age group, while another was in 41-45 age
group. Study 2 was conducted in a 20-week course within the Physics Education
program offered at a Federal Institute located in a regional area in the South of Brazil.
Of the 26 students enrolled in the course, 19 (73%) gave their consent to take part in
the study. The sample consisted of 53% females and 47% males. More than half
(58%) were under 20 years old, 26% were within the 20-25 age group and 16% were
in the 26-30 age group. Both courses were offered face-to-face in the first semester of
the 2013-2014 academic year. The first author of this paper taught the UAE course
and the other was taught by the second author. These two courses were chosen
because the authors had easy access to the students.

4 Data Collection and Analysis

The project adopted multiple methods of data collection including survey, focus
group, and individual interviews. This paper is based on the survey delivered to
students enrolled in the two above courses. The survey aimed at obtaining information
on demographics, students’ perceptions of the use of mobile devices in the classroom
and appropriate practices for using the devices during class teaching. The survey was
considered the most appropriate approach because it allowed convenient data
collection. It had a mixture of closed and open ended questions, multiple choices (a
series of statements), ticking boxes, yes and no type of questions, and a 4-point rating
scale consisting of frequently (1), occasionally (2), rarely (3) and never (4). The
authors of the project developed an anonymous survey based on the literature on
mobile learning [15], [19]. Some of the survey questions were adapted from Tindell
and Bohlander [13] and McCoy [22] survey. A colleague in the field reviewed the
survey questions for content validity. The survey was piloted with four students
outside the study. Based on feedback received, some questions were revised to
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improve clarity. The first author translated the survey from English into Portuguese
which was later reviewed by a Brazilian colleague for accuracy. We delivered a
printed-based questionnaire to students. Eighteen Emirati students (95%) and all 19
Brazilian students taking part in the study completed and returned the questionnaire.

We examined the returned questionnaires for completion of all questions and
accuracy such as checking the right box. Two Brazilian students skipped questions 6,
7, 8 and 9 in the questionnaire. The questionnaire was printed as double size and these
students may have not noticed. We decided to include these two questionnaires in the
analysis as other questions were completed. Next, and guided by Cohen, Manion and
Morrison [23], analysis of closed questions from the two questionnaires consisted of
assigning a code to each closed question (e.g. yes=1; no=2). On an Excel Spreadsheet
(for each study), we used one column for participants’ names and a column for each
question where the coded information was added. For each column, percentages were
calculated. We also performed mean calculation for questions 4, 5 and 7 consisting of
a 4-point scale (frequently, occasionally, rarely and never). One of the questions in
the questionnaire allowed multiple responses (a series of policy statements for
appropriate practices). We organized students’ responses which had similar options
under categories (e.g. category 1, 2) and counted the number of students who fell
under each category. Later, we calculated percentages of students choosing each
category (Appendix A). The preliminary results presented in this paper are based on
the analysis of the closed questions from the questionnaire.

5 Preliminary Results

The questionnaire sought information on which mobile device students usually
brought to the classroom. Results show that the majority of Emiratis and all Brazilian
students brought mobile phones or smart phones to the classroom (94% and 100%
respectively). One Emirati usually brought an iPad to class. In comparison, the
Brazilian students had more Internet access on mobile devices they brought to the
class (79%) than did the Emiratis (61%). As seen in Table 1, the majority of the
Brazilians had their devices set to either vibrate or on silence mode during class time.
The striking difference is that 22% of the Emiratis had their devices set to ring during
class time.

Table 1. Students’ mobile devices mode during class time

When you are in class, UAE Class Brazil Class (N=19)
your mobile device is: (N=18) %
%
Turned off 0 5
Set to vibrate 67 42
On silence mode 11 53
Set to ring 22 0
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Table 2 indicates the frequency of students’ use of mobile devices to perform
content and non-content related activities during class time. Generally speaking, both
groups tended to rarely use their mobile devices to perform content and non-content
related activities. There is, however, a slightly tendency for the Emiratis to
occasionally access WhatsApp or similar software to engage in content and non-
content related activities as well as surf the web for content. Table 2 also suggests a
slightly tendency to occasional use of SMS to send and receive text message related
to non-content within the Brazilian and Emirati group. As displayed in Table 2, there
is also a slightly tendency to occasional use of SMS to access content by the Emiratis.

Table 2. Use of mobile devices during class time to perform content and non-content related
activities (Scale 1-4)

Content related activities Non-content related
Statement activities
UAE Class Brazil UAE Brazil
(N=18) Class Class (N=18) | Class (N=19)
Mean (N=19) Mean Mean
Mean
Send and receive 2.83 3.26 2.78 3.00
phone calls
Send and receive text 2.67 2.89 2.61 2.68
(SMS)
Send and receive 2.83 3.26 3.17 3.42
emails
Access WhatsApp or 2.44 3.05 2.56 3.00
similar software
(e.g.Viber, Blackberry
Messenger)
Access Twitter or 2.89 3.21 2.94 2.89
Facebook
Web surfing 2.56 2.68 2.89 3.11
Other activities 3.22 3.05 3.17 3.16

Students were inquired how often they had observed their peers using mobile
devices during class time. Within the Emirati group, Table 3 shows a clear tendency
to occasional observations of peers using their mobile devices to perform the
activities stated in Table 3. In contrast, there is a slightly tendency to frequent
observations of peers using text message and social media during class time within
the Brazilian group.
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Table 3. Observation of peers using mobile devices in the classroom (Scale 1-4)

Statement UAE Class Brazil
(N=18) Class*
Mean (N=19)
Mean
I have seen another student sending or 1.83 1.47
receiving text message during class time.
I have heard mobile phones ringing or 1.89 2.18
vibrating during class time.
I have seen another student using social 1.89 1.35
media (e.g. Twitter, Facebook, WhatsApp)
during class time.

*Two students did not answer the question

Students were asked to state how much distraction from learning mobile devices
cause when used during class time to perform non-content related activities. Table 4
indicates differed opinions between the two groups. The majority of the Brazilians felt
that mobile devices cause more than little distraction, with 56% choosing they cause a
big distraction from learning. In contrast, many of the Emiratis seemed less distracted
by mobile devices in class, with only 28% feeling they cause more than a little
distraction from learning.

Table 4. Distraction from learning caused by mobile devices

Statement™* UAE Class Brazil
(N=18) % Class*
(N=19)
%
No distraction from learning 16 0
Little distraction from learning 56 6
Mf)re than a little distraction from 28 38
learning
Big distraction from learning 0 56

*Three students did not answer the question
** Statements adapted from McCoy [22]

Students were asked to choose policies for appropriate practices regarding the use
of mobile devices during class time. Analysis did not suggest a strong pattern within
the two groups (see Appendix A for categories and policy statements under each
category). Within the Emirati group, five categories emerged in which two included a
single policy statement. For example, 28% of the Emiratis indicated that mobile
devices may be used to send and received text messages during class time as long as
they do not distract other students. Across the five categories, four included the policy
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statement that mobile devices must be placed on vibrate or silence mode during class
time. None of the categories included the policy statement that mobile devices must
be turned off during class time.

Within the Brazilian group, six categories emerged in which one included a single
policy statement (Appendix A). For example, 35% of the students suggested three
policies which include 1) mobile devices must be placed on vibrate or silence, 2) they
may be used to send or receive SMS as long as the devices do not distract others, and
3) the devices should be allowed to use for class related activities. Across the six
categories, five included the policy statement that mobile devices should be allowed
to use for class related activities. In contrast to the Emiratis, one of the categories
included the policy statement that mobile devices should be turned off during class
time.

To complement to above information, students were also asked to choose which
policy the teacher should apply in a hypothetical case a student caused class
disruption by using his or her mobile device to perform non-content related activity.
Table 5 shows that in both groups, less than half of students had a similar opinion that
the device should be turned off. Comparatively, a higher percentage of the Brazilians
felt the teacher should ask the student to leave the class.

Table 5. Teacher’s application of policy

During class time, if a student causes disruption by UAE Brazil
using a mobile device for non-class activities, the teacher Class Class
should*: (N=18) (N=19)

% %

Talk to the student 39 26

Ask the student to leave the classroom 17 32

Turn off the student device 44 42

*Adapted from McCoy [22]

6 Concluding Remarks

This paper reported preliminary findings based on a survey that explored students’
perceptions of mobile device use in the classroom and suggestions for appropriate
practices. It was found that all Emirati and Brazilian students usually brought a
mobile device to the classroom. In both groups, evidence suggests an overall tendency
to rare use of mobile devices to perform content and non-content related activities
during class time. However, one could observe within the Emirati group, a slightly
tendency to occasional use of a few applications to perform content and non-content
activities. Within the Brazilian group, there was a slightly tendency to occasional use
of SMS for non-content related activities. The overall findings differ from others who
reported more frequent use of mobile devices during class time [16], [22]. A closer
look at Table 3 suggests that both groups tended to occasionally observe their peers
performing specific activities using their mobile devices while in class. Others have



Students’ Perceptions of Mobile Devices Usage during Class Time and Policy Suggestions 89

reported similar findings [13]. When looking across Tables 2 and 3, one could argue
that some students within the two groups might be using more often their devices in
class without being aware. The interviews conducted with students and instructors
might shed light on student use of mobile devices in class.

Overall, findings suggest that both groups seem to favor policies for appropriate
practices that do not involve turning off the devices during class time (Appendix A).
However, a high percentage of the Emirati and Brazilian students agreed if a student
disrupted the class, the teacher should turn off the device. Results suggest that the two
groups might not accept classroom policies that ban or limit mobile devices in class.
This contrasts with Campbell [19] who reported students’ support for policies
restricting mobile phone use in the classroom. Furthermore, the two groups differed in
their perceptions of how much distraction from learning mobile devices cause and the
status of their mobile devices while in class, with 22% Emiratis having their devices
set to ring. Although this requires further investigation through the interviews,
perhaps the differences in perceptions might be related to student age, students’
characteristics, culture and context. This may imply that instructors need to consider
these issues when creating classroom policies for mobile usage.

Within the Brazilian group, a common policy statement found in most of the
categories (Appendix A) indicates that mobile devices should be allowed in the
classroom to perform content related activities. Table 2 suggests a slightly tendency to
occasional use of some applications for content related activities within the Emirati
group. This may send a message to instructors to explore those devices to support
teaching and learning as well as include as policy for appropriate practices.
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Appendix A
Cate Brazil Class (N=19)* UAE Class (N=18)
gory
1 Mobile devices must be placed | 35 Mobile devices may be used to | 28
on vibrate or silence mode. % send and receive text messages | %
Mobile devices may be used to during class as long as they do
send and receive text messages not distract other students.
during class as long as they do
not distract other students.
Mobile devices should be
allowed to use for class
related activities.

2 Mobile devices must be placed | 24 Mobile devices must be placed | 22
on vibrate or silence mode. % on vibrate or silence mode. %
Mobile devices must not be Mobile devices must not be
used to access social media used to access social media
during class time to discuss during class time to discuss
non-related class activities. non-content related activities.
Mobile devices should be Mobile devices should be
allowed to use for class allowed to use for class
related activities. related activities.

3 Mobile devices must be placed | 18 Mobile devices must be placed | 22
on vibrate or silence mode. % on vibrate or silence mode. %
Mobile devices may be used Mobile devices may be used to
to send and receive text send and receive text messages
messages during class as long during class as long as they not
as they do not distract other distract other students.
students.

4 . Mobile devices must not be 12 Mobile devices must be placed | 11
used to access social media % on vibrate or silence mode. %
during class time to discuss Mobile devices may be used to
non-related class activities. send and receive text messages

. Mobile devices should be during class as long as they do
allowed to use for class related not distract other students.
activities. Mobile devices should be

allowed to use for class
related activities.

5 Mobile devices must be 6 Mobile devices must be placed | 17

turned off during class time. % on vibrate or silence mode. %
Mobile devices must not be
used to access social media
during class time to discuss
non-related class activities.
Mobile devices should be
allowed to use for class
related activities.
6 Mobile devices should be 6
allowed to use for class %

related activities.

*Two Brazilian students did not complete the question.
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Abstract. Out of the project EMuRgency a game-based learning environment
evolved, which trains school children in providing reanimation and cardiopul-
monary resuscitation (CPR). The application gets players to act as if they were
in a real case of emergency. This paper reports on a formal usability study con-
ducted with two different groups of learners, regular learners and learners with
special educational needs (SEN). With the study we compared the two groups
of learners with regard to game usability and effectiveness of the intervention.
Our intention was to better understand the different needs and requirements to
learning materials that game designer need to take into consideration in order to
make the learning experience successful for both groups. A total of 89 children
played the game simulation. Results showed differences in perception and ef-
fectiveness of individual mechanisms for the two groups with regard to usabil-
ity or switching between tasks and mobile device.

Keywords: games for health, mobile learning, serious games, learner centric
design.

1 Introduction

The need for constantly applying new motivational strategies and providing innova-
tive learning scenarios is comprehensive and not restricted to a particular target group.
Mobile technology is currently regarded one foothold to react to this demand and
bring sustainable change to the classroom. The interactive nature of mobile media
enhances the learning experience by augmenting objects, places and activities thus
adding context to learning objects and inherently supports the concept of student cen-
tred, active learning approaches [27] such as inquiry-based learning or discovery
learning. Still, educational practitioners seem to be reluctant in using this technology.
It is arguable that beyond learning theory und motivational aspects, e.g. school chil-
dren’s attraction for the device, its perceived potential to deliver relevant knowledge is
not consistently clear. While more mobile applications are being developed for
educational settings, little is known about how the learning process can be transformed
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when using them [20]. A particular challenge is to find adequate curricular functions
in school where the inclusion of these new cultural resources can and should be intro-
duced [7]. Also, most of the devices used for learning were not designed with educa-
tional applications in mind and usability issues are often the case. In order to support
the use of mobile devices for educational purposes, usability issues should be
tracked over a longer period, from initial use through to a state of relative experience
with the technology [12]. Still, many digital tools for learning do not take this into
consideration.

In order to provide effective tools for learning, it is important to consider learning
over technology, i.e. considering how technology can be used to provide different
groups of learners with better opportunities and enhanced learning outcomes. The
need to align learning materials to its target audience seems to go without saying.
There has been common understanding of learning and motivation as ‘natural proc-
esses that occur when the conditions and context of learning are supportive of indi-
vidual learner needs, capacities, experiences and interests [16, p. 5]. Along these
lines, the process of developing digital learning offers needs to focus on the tasks
learners must undertake, the tools they can use to deal with those tasks and the inter-
face for those tools [28]. As suggested in the learner-centred framework [16], learners
must be supported in their diverse needs and capacities. This is especially true for
people with disabilities who can benefit from the successful integration of technology
based learning offers in the educational scenario, creating a safe and personalized
educational environment for the students [22]. Brown, McHugh, Standen, Evett,
Shopland, and Battersby [6] in their article on the design of location-based learning
experiences for people with intellectual disabilities and additional sensory impair-
ments provide concrete examples of evidence for the advantages that computer games
provide for this particular target group. They argue that via computer games, learning
can take place in a context similar to that in which it is required. This for example is
important for a target audience described as ‘concrete thinkers’ whose performance is
characterized as rigid and context dependent. Especially the notion of ‘context-aware
learning’, which is of eminent importance for this target audience, finds translation in
mobile devices. This technology is especially well suited to context-aware applica-
tions simply because it is available in different contexts [6]. Even though scientists
have increasingly started to consider how technology can support the needs and ca-
pacities of learners, there still is a surprising lack of systematic evaluations that inves-
tigate the benefits of the ‘new’ communication technologies for SEN learners with
more complex and severe communication and language needs at different stages of
their education [8], [34].

This study investigates how SEN learners compared to average pupils engage with
the mobile learning game in order to evaluate its design and implementation. In order
to further specify the SEN group of learners we apply the definition of Davis and
Florian [8]. In their study, several groups of children were described, among them
children with speech, language and communication needs (SLCN). They are referred
to as having specific speech and or language impairments (SSLI), or as children with
specific speech and or language difficulties (SSLD) who are unable to express them-
selves in the normal effortless way, and where the difficulty cannot be attributed to
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physical or sensory impairments, [3], [1] as cited in Davis and Florian [8]. They often
have difficulties in learning to read, write and spell, in processing information and in
sequencing and organizing activities. Research has provided evidence that educational
software is capable to countervail this potential for development by providing chances
to experience everyday situation, to explore curriculum related topics such as mathe-
matics or reading and vocabulary, to support attention or to promote problem solving
skills [10], [35]. Also, Smith [26] in her study emphasizes that mobile technology is
effective at facilitating and improving digital communication skills for students with
intellectual disabilities, this way helping them to develop self-determination skills and
increased autonomy.

Our research aims at educational interventions for improving school children's' un-
derstanding of cardiopulmonary resuscitation (CPR) and engage them in practice.
Addressing school children is regarded one toehold to enlarge the number of trained
laymen who can provide CPR in case of emergency. Plant and Taylor [17] in their
review point out diverse methods of first aid training that have been successful with
children. They state that especially the use of “virtual worlds and multiplayer online
simulation could be an attractive training and/or retention tool to use in this age
group” (p. 3). Building on this evidence, we set up the mobile game simulation Hear-
tRun. It uses smartphones as a location-based gaming platform to enable an authentic,
simulation like environment. Based on different roles it prompts learners to help the
victim or to get an automated external defibrillator (AED) in order to help. Using
mobile phones allows us to augment the situation with location dependent
information as well as instructive, situation-dependent educational materials, to struc-
ture the process by sending out notifications monitor and to record user behaviour,
which can be reused for later reflection and feedback sessions. A recent review by
Zhu, Hadadgar, Masiello and Zary [36] corroborates this and in the context of medical
education stresses the potential of augmented reality (AR) to improve health care
learning from different educational objectives. Their work stresses AR to be “not only
useful for healthcare learner understanding the spatial interrelationships and concepts,
acquiring the skill and knowledge, strengthening cognitive psychomotor, shortening
learning curve and prolonging learning retention, but also is subjective attractiveness
for student because it provided them the authentic simulated experiences” (p. 15).

With this paper we further contribute to research in the field. We present an AR
learning game environment, which trains and increases procedural CPR knowledge,
and evaluate its use for two different groups of learners, regular learners and learners
with special educational needs (SEN). The studies assessed game usability and effec-
tiveness of the intervention, i.e. knowledge gain. The mobile simulation game in use
was not explicitly designed as a learning tool for SEN students but was used to train
them in the course of the general CPR school trainings. We report results from the
formal usability studies and direct to the differences that surfaced in the perception of
the educational mobile game by these two groups. Our focus was to better understand
the different needs and requirements to learning materials that game designer need to
take into consideration to make a learning experience successful for both groups of
learners. This paper comprises a description of the research design and summary
of the main data collecting methods that we adopted. This is followed by a description
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of the game-concept. We conclude by discussing and highlighting design implica-
tions, which we derived from the research data.

2 Related Work

For the past decade, the field of health education and health care has started to inves-
tigate how digital games can assist in teaching first-aid concepts and cardiopulmonary
resuscitation (CPR). The range of games currently available provides vital functional
elements to address the problems related to health emergency training [18]. Staying
alive', for example, is a video-based 3D game experience that requires players to
apply their CPR knowledge to a virtual person suffering from cardiac arrest. Other
examples are LIVESAVER?, a crisis simulator that fuses interactivity with live-action
film to show how to respond to heart attacks or Relive [23], a first person 3D adven-
ture to increase kids and young adults’ awareness on the need of instant CPR. The
game prompts to attend CPR classes and prepares for intervention in case of cardiac
arrest.

By now, research offers little information on the outcomes of using games for
teaching CPR. Marchiori, Ferrer, Fernandez-Manjon, Povar-Marco, Suberviola, and
Gimenez-Valverde, [15] evaluated the First Aid Game®, a video-based game commis-
sioned by the Aragonese Center for Educational Technologies (CATEDU) that
teaches high school students basic first-aid and reanimation procedures. Their study
results indicate that unsupervised use of the video game in a single 45-minute session
significantly improved their knowledge of the action protocol and the procedures
involved (p. 435). Also, Tiiziin [30] investigated the use of video games to teach first-
aid knowledge. The study points to their potential in yielding positive pedagogical
changes, e.g. more active learning modes.

With regard to mobile game-based learning, several approaches have come into ex-
istence that aim at improving the performance of an advanced life support provider in
a simulated emergency situation, for instance [14]. Other examples are Icpr, [24], an
iPhone application designed for laypersons and healthcare professionals. It is able to
detect the rate of chest compressions performance by using the built-in accelerometer.
Viva! CPR* [23] is a smartphone application designed by the Italian Resuscitation
Council that provides real time feedback on chest compression quality. Recent inno-
vative developments are more comprehensive such as the approach by Wattanasoon-
torn, Magdics, Boada, and Sbert, [33]. They describe a Kinect-based system for
LISSA, (LIfe Support Simulation Application), which is able to provide feedback on
the performance of specific parameters of the CPR procedure, i.e. chest compression
rate and correct arm position. Results showed that using LISSA in combination with
mannequin-based simulation led to improved achievement of teaching and learning

! http://www.stayingalive.fr/
2https://life—saver.org.uk/

3 http://first-aid-game.e-ucm.es/
‘http://www.viva2013.it/vivacpr
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outcomes [32]. To the best knowledge of the authors, none of the existing applications
to train resuscitation and CPR is based on a mobile simulation game approach.

3 Instructional Design

Drawing on previous results in the field of mobile learning and game-based learning
for health education we set up the mobile game simulation HeartRun. We took the
decision to base our CPR training on a mobile platform because we wanted to have a
scenario that:

a) is authentic, i.e. prepares learners to react adequately in a closely related situa-
tion. Within the game just as in reality, notification systems are the base for
first responders. Dispatch centres send them in case of emergency.

b) includes different locations and different roles. Within the game just as in real-
ity, different roles are involved in case of emergency. While one person gets
the nearest automated external defibrillator (AED), another person already
starts providing CPR to help the victim. A mobile game can include different
locations and different roles.

c) allows for situation-depended educational materials. In case of emergency sev-
eral steps need to be taken that are spatially distributed and that need to be ac-
cessed at different times. Simple augmentations of physical objects, places and
situations can provide necessary information at the time needed.

In order to realize features frequently associated with mobile games, i.e. coopera-
tive action between team players that have different tasks or roles and time-critical
orientation in physical space [4], we based our development on the game engine AR-
Learn. It almost comprehensively reflects the required features. ARLearn is an open
source tool suite for educators and learners [29]. Its android client allows playing a
run with mobile users. By building on the Google App Engine (GAE) stack, the
server architecture offers a scalable web service for content and notification manage-
ment as well as game state persistence [29].

Comparable to an unexpected emergency, our training environment involves in-
stant decisions on what to do and the recall of CPR knowledge under unexpected
circumstances involving time pressure and stress. This way we intend to enhance
psychological preparedness of the rescuer and thus achieving a more prompt and ap-
propriate response. Social psychology presumes that ‘the more realistic the situation
is made, the closer it is to reality, the better able the subject should be to imagine what
he would actually do if he were in the real situation’ [9; p. 108]. The game is laid out
to complement traditional resuscitation training.

HeartRun is played in teams of two. Every team player is randomly assigned to
one of the roles (player role AED and player role CPR). Opening the game, the first
message shows. According to the operating mode of ARLearn, opening a message
automatically triggers a new message. The set-up of the individual messages and the
corresponding learning content is related to the Chain of Survival, i.e. (a) to prevent
cardiac arrest, (b) to buy time, (c) to restart the heart and (d) to restore quality of life.
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The line of action described there is reflected in the sequence of messages, e.g. mak-
ing sure that the victim and any bystanders are safe, checking the victim for a re-
sponse by gently shaking his/her shoulders and asking loudly: “Are you all right?“

Welcome to the HeartRun game If you stand in front of it, scan the QR What is lh'e most important information
HeartRun helps you to be prepared in case Code attached to it. when calling the ambulance?

of emergency and shows you what you
can do to save a life.

Click on the micro icon in the navigation
bar below and record your answer.
To do so, press the red record item button
When finished save your recording.

You can listen to your answer by clicking
on the symbol underneath this text.

To do this, press the barcode icon below
and hold the device in front of the QR

. Code.

The game is based on a series of It will then scan automatically.
messages, which you receive on your

device. Please read the messages
I I I I a—
- o

Fig. 1. Game screens HeartRun: first message task, and instruction screen

Time and location play an important role in the scenario. While Player A (role
AED) heads for the AED, player B (role CPR) runs to the victim to provide CPR. At
the scene of emergency a manikin is provided with which player B interacts. Mean-
while, player A searches the next AED. As soon as s/he found it and scanned the QR
code attached to it, information on the AED is provided and the game requires
him/her to bring the AED to the victim. At the scene of emergency another QR code
is placed, which payer A has to scan. This synchronizes the players. Henceforth, both
roles get the same information on how to correctly apply the AED. Both players fol-
low the instructions on the screen and apply the AED to the manikin until the ambu-
lance arrives (last message).

HeartRun can be played several times, with participants switching roles. This way,
the game allows students to perceive the emergency situation from different perspec-
tives. By “putting oneself into other’s shoes” they have the chance to experience and
control both feelings of panic and fear of emergency.

4 Method

The two studies under analysis were conducted between September 2013 and Febru-
ary 2014. Both studies applied the same method and measures to catch positive and
negative aspects of the activity. They similarly involved (a) an introduction phase
where players were presented a short introduction to the game, e.g. how to read QR
codes with a telephone and (b) the game phase with pupils playing HeartRun. For the
gaming sessions, we relied on a number of smart phones we brought along and
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randomly assigned pupils to one of the two roles involved in the teams (player role
AED and player role CPR). While playing, intervention was kept to a minimum. The
researcher’s role during the case study was participant observer. Participants had to
fill in a form after they had played the game.

With the studies we aimed at obtaining information on (a) how different learners
perceive the game simulation, i.e. system usability, game-play experience, attitude
towards the use of educational games in general and (b) their performance (knowl-
edge gain) as well as their self-assessed learning outcomes.

4.1  Participants

A total of 89 children played the game simulation. The sample size comprised pupils
from two different schools with two groups of learners respectively: Group A con-
sisted of 53 subjects from a regular school in Landgraaf. Pupils were between 10 and
15 years of age (M = 13 years, SD = 1.109). Group B encompassed 36 learners from a
school for pupils with special educational needs in Stolberg. Pupils were between the
ages of 12 and 18 years (M = 15 years, SD = 1.499). None of the pupils had played
HeartRun before.

4.2  Measures

For the data collection we mixed qualitative data, such as videos and field notes of
researchers’ observations and focus groups with quantitative data coming from a ques-
tionnaire, which was largely based on the standardized system usability scale (SUS).
Quantitative data was analysed with Excel and the SUS guide and calculator package [21].

Learners’ Perception of the Game Simulation. To measure learners’ perception of
the game simulation, we assessed system usability, learnability, game-play experience
and attitude towards the use of educational games in general. In order to assess system
usability and learnability, we chose the SUS because it is an accepted measure that
makes results easily comparable [13]. We used the standard Overall SUS score, in-
stead of the 8-item Usability scale, because the Overall SUS allows estimating per-
ceived Learnability along with perceived Usability [13]. The items had to be rated on
a 5-point Likert-scale ranging from 1=strongly disagree to S=strongly agree.

In order to further specify usability aspects from SUS feedback, we added four
bound questions and one open text question in order to further improve the design of
the simulation game as well as event log files generated automatically by the game
(archived voice recordings and pictures taken). The bound questions provided a range
of five to eight possible answers and learners were asked to mark any answer they
considered appropriate.

Learners’ Performance. To measure learner performance, we distributed a knowl-
edge test after the intervention in order to evaluate CPR knowledge. The test com-
prised four question items that were introduced and validated by medical experts in
the course of the project EMuRgency [11]. Pupils had to mark their answer in a box.
Furthermore, we added a bound question to contrast results from the knowledge-test
with pupils’ self-assessed learning outcomes. The increase in active CPR knowledge,
i.e. depth of pressure or frequency of pressure rates, was not assessed.
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5 Results

In the following we present the results from our study. This section is structured ac-
cording to the two different points of view we focus on: learners’ perception of the
game simulation indicating system usability, learnability, game-play experience and
attitude towards the use of educational games, and learners’ performance indicated by
their knowledge gain.

5.1 Learners’ Perception of the Game Simulation

From the studies it showed that pupils from both groups readily engaged with Hear-
tRun, and found it to be a rewarding and stimulating experience. Children felt en-
gaged to learn by playing the mobile game application with the phones, and 67 out of
89 children claimed they would like to use such systems in classes more often.

With regard to system usability and learnability, i.e. the ease of getting used to the
application, the HeartRun questionnaire reveals different values for the two studies.
The overall SUS for Group A shows a mean SUS score of 53.3 (SD=17.5). The inter-
nal reliability as measured by Cronbach’s alpha is calculated at 0.754. Results indi-
cate a mean SUS score of 52.8 for usability and 55.0 for learnability. A SUS score
between 51.2 and 62.4 could be considered grade D, i.e. a marginal level and on an
adjective rating scale could be described as OK [2]. Results from Group B show an
overall SUS of 69.6 (SD=22.0). The internal reliability as measured by Cronbach’s
alpha is calculated at 0.879.

Results reveal a mean SUS score of 72.9 for usability and 56.4 for learnability. Ac-
cording to standardized interpretation, a SUS score between 64.6 and 70.9 equals
grade C, i.e. an acceptable level and on an adjective rating scale could be described as
Good [2]. A mean SUS score above 72.4 equals grade B and on an acceptable level
could be described as good to excellent (Bangor, et al., 2009). Table 1 compares the
average values per questionnaire item from the two studies.

Table 1. Comparison of SUS scores between group A and group B

GroupA GroupB

M M

Items n=53 n=36
I think that I would like to use this game frequently to train BLS. 2.68 3.89
I found the game unnecessarily complex. 3.06 1.92
I thought the game was easy to use. 342 3.81
I think that I would need the support of a technical person to be 2.92 2.72
able to use this game.

I found the various functions in this game were well integrated. 3.34 3.97
I thought there was too much inconsistency in this game. 3.15 2.16
I would imagine that most people would learn to use this game 3.38 4.12
very quickly.

I found the game very awkward to use. 3.06 2.03
I felt very confident using the game. 3.17 3.65
I needed to learn a lot of things before I could get going with this 2.66 2.76

game.
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Quantitative feedback analysis shows that the inclusion of physical tasks was mo-
tivating and enabled participants to enhance their skills. Both groups of pupils rated
the integration of time-critical physical tasks, i.e. running to the victim and saving the
victims life by interacting with the manikin and providing CPR, to be strong motiva-
tional factors when playing the game. Table 2 compares results between the two
groups. From this, it showed that pupils from study two were more engaged in game
related activities than pupils from study one. Game elements such as looking at the
videos were rated less important by children of group B (SEN) for their involvement
in the game and considered them rather disturbing.

Table 2. Importance of topics related to resuscitation and CPR as a percentage of the sample,
comparison of results between group A and group B

Group A (n=53) Group B (n=36)
What was particularly important to M NoCPR CPR M no CPR CPR
you when playing the game? (n=43) (n=10) (n=13) (n=23)
Fulfilling all the tasks 28.30 32.56 10.00 55.56 69.23 47.83
Acting quickly 62.26 60.47 70.00 80.56 69.23 86.96
Reading the text messages completely 33.96 34.89 30.00 30.56 30.77 30.44
Looking at the videos 33.96 39.54 10.00 25.00 30.77 21.74
Saving the victim’s life 60.38 58.14 70.00 77.78 76.92 64.29
Learning how to provide CPR 39.62 41.86 30.00 30.56 46.15 21.74
Learning how to use the AED 49.06 55.81 20.00 44.44 30.77 52.14

S 1: I found the videos disturbing.

S 2: If such a video shows and you look at it. I stood there, for example, round about
15 minutes and did not know what to do.

S 1: That is almost redundant [video]. If I am supposed to save a life and then, I have
to learn something. [...] Researcher: Even though the videos were meant to informa-
tion you what to do next?

S1: Yes even though, I would simply use audio items, because I do not look on the
phone anyway.

When asked for the disturbances while playing the simulation game, a different
picture shows. Pupils mostly stressed the several technical problems they experi-
enced. The disturbances reported were mainly due to bad Internet connectivity, which
is characteristically for many institutions. Bad network accessibility mainly hampered
information access and caused a high degree of distraction and frustration. Due to
connectivity problems some messages did not load correctly and/or immediately,
videos did not show and scanning the barcodes did not always trigger the next item,
thus they were stuck and the game did not progress. From table 3 it shows that pupils
from group A considered videos and tasks more disturbing than SEN learners. Game
data confirm this result. From the event log files and the archived game data it shows
that learners from group A frequently skipped the voice recording task.
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Table 3. Disturbances when playing the game, comparison between group A and group B

What has disturbed you when playing the game?

Group A Group B
n=53 n=36

graphics/design 0.245 0.027
usablity 0.151 0.027
audios 0.189 0.054
videos 0.264 0.027
tasks 0.208 0.027
technical problems 0.396 0.432
nothing 0.245 0.514

The multitasking, i.e. moving in the physical environment and at the same time
processing mobile information, was not considered problematic. When asked if the
device was in the way participants from both groups responded along the same lines
and one student poignantly put it: If I can text friends while driving on my scooter, |
can easily use a mobile device while running around in the school building.

When asked for the kind of support they would have wished for in order to make
the game work better for them, both groups frequently replied in favour of a usage
scenario of 1:2 (as in pair work, sharing a device). They argued that this way: “...
they could compare notes. One deals with the device, the other one acts. This way
both players could help each other.

S 1: The fact that two people can make it together, running and so.
Researcher: Two people with one cell phone?

S 1: Yes S 2: To discuss what to do next.

S 1: Yes, I think so too.

From the qualitative feedback it showed that both groups valued the list of message
items because it helped them to structure the process and guided them through the
course of action. For the SEN learners, the organisation of the message items was
rather problematic. They had problems connecting individual messages and tasks to
the overall process: “The relationship of the messages was not clear. It was difficult to
keep the overview. Maybe better use something else, like a list to check off. ”

5.2 Learners’ Performance

With regard to learner performance, table 4 shows that pupils assessed their learning
high when interaction with tangibles was involved, i.e. providing CPR (on the mani-
kin) and using the AED. This is true especially for the SEN learners and for learners
who had no resuscitation training beforehand. Results suggest that regular learners
who already had resuscitation training rather took interest in different process oriented
issues than learners who had never had resuscitation training before, e.g. securing the
scene of emergency, calling emergency, or opening the airway. As for the SEN learn-
ers, there is little difference between pupils who already had resuscitation training and
those who stated that they have never had resuscitation training before.
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Table 4. Self-assessed learning outcomes as a percentage of the sample, comparison of results
from group A and group B

Group A (n=53) Group B (n=36)
Do you think you have learned M NoCPR  CPR M no CPR  CPR
something in the field of ...? (n=43) (n=10) (n=13) (n=23)

Securing the scene of emergency 46.15 18.18 53.66 27.03  23.08 29.16
Checking the victim for a response ~ 34.62 18.18 39.02 37.83  30.77 41.66

Calling emergency 36.54  36.36 36.59 3243 30.77 33.34
Checking for normal breathing 25.00  36.36 21.95 3243 23.08 37.50
Opening the airway 23.08  36.36 19.51 2432 23.08 25.00
Providing CPR 30.77  9.10 36.59 59.46 61.54 58.33
Using the AED 59.62  54.55 60.98 59.46  53.85 62.50
Rescue Breathing 19.23 18.18 19.51 18.92  23.08 16.67

We added the knowledge test to our study in order to further detail the results and
effects of mobile game applications for diverse groups of learners. From group A, a
total of 24 pupils completed the knowledge test. With regard to group B, a total of 19
pupils completed the knowledge test. A total of 23 out of 24 pupils from group A
already had resuscitation training. With regard to group B, 14 pupils out of 19 already
had resuscitation training. Results from the knowledge test confirm the tendency of
results pupils’ self-assessed learning outcomes. Table 5 shows that pupils from group
A attained higher scores than pupils from group B.

Table 5. Correct answers from the knowledge test from group A and group B

Knowledge Test Average number of questions
answered correctly
Group A Group B
(n=24) (n=19)
What is the European emergency number? 1.000 0.684
Where must you place your hands when providing
Cardiopulmonary Resuscitation (CPR)? 0.958 0.579
People who have a cardiovascular arrest, do not
move and show no respiratory movements. 0.875 0.789
What does this sign stand for? (AED sign) 1.000 0.189

6 Discussion

The primary purpose of this study was to evaluate design and implementation issues
of a mobile game for learning that is meant to engage school children in using such an
educational tool for learning. Its particular focus was on the possibilities technology
offers to support the diverse needs and capacities of learners. By investigating the
benefits of a simulation game for both regular and SEN learners it illustrates the dif-
ferences, which individual design mechanisms have regarding learners’ perception of
the game simulation, i.e. system usability, game-play experience, and attitude towards
the use of educational games in general and their impact on learners’ knowledge gain.
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Results from the usability study indicated that SEN learners were in favour of the
game and considered it less complex. In general, they rated the system usability of
HeartRun good. It can be argued that the introduction of innovative technology ac-
counts for this result. For the SEN learners, using smartphones for learning was an
absolute novelty. It showed that several of the SEN learners did not possess a state-of-
the-art smartphone and therefore were very enthusiastic about using the devices for
learning, which is reflected in their answers. On the other hand, learners from the
group of regular education were not as positive, reflecting on the benefits and draw-
backs as well as the appropriateness of the use of mobile technology. Almost all of
them possessed a smartphone, many of them were state-of-the-art devices and on
regular intervals they had access to new technology for learning.

Learners from both groups perceived physical activities, e.g. acting quickly and
saving the victim’s life as the most vital element for engagement. This is substantiated
by connatural research. For example, Blum, et al., [4] report research wherein the
initial task immediately put players into action and created a physical and emotional
peak, which involved players in the simulation game. However, coordinating tasks
such as receiving directions on the device while running through the physical envi-
ronment needs careful consideration. In this context, audio emerged as a core design
issue. Setting up the task with audio instructions that direct players through the envi-
ronment avoids an unnecessary switch of visual focus (looking at the device to read
subsequent instructions while players are already running to get to the scene of emer-
gency), which is also a safety issue. This especially is true for children between 11
and 14 years, who quickly became immersed in the game and acted as if they were in
a real emergency situation. However, an in depth analysis of qualitative and quantita-
tive feedback also yielded three differences between the two groups of learners.

The first difference concerned the switch between the integrated tasks and the
smartphone. Pupils from group A (learners from regular education) rated the videos
and especially the tasks disturbing. Game data confirmed this result. From the event
log files and the archived game data it showed that learners from group A frequently
skipped the voice recording task, which could have enabled them to enhance their
skills. Shatte, Holdsworth, and Lee [25] also state that dealing with mobile devices
frequently requires multitasking, e.g. processing mobile information and learning,
which is often taken as hurdle for learning. However, transcripts showed that pupils
from group B took the effort to make use of this learning offer. Switching between
device, task and physical environment is sometimes credited with a potential for sen-
semaking activities i.e. the device supports people in finding structure in an uncertain
situation through using a combination of information, communication and computa-
tion [20]. Future studies should target the perception of task-based interactions in
more detail for the reluctance of pupils to carry out tasks, e.g. video or voice re-
cording tasks in the course of mobile learning experiences is a frequently reported
phenomenon.

Second, collaboration and co-operation between learners showed to be of impor-
tance. From the qualitative feedback it surfaced that pupils strongly supported a stu-
dent — device ratio of 1:2, in order to support discussion and collaboration among
team members. The importance of co-operative action for pupils with learning dis-
abilities (children with specific speech and or language difficulties) has been high-
lighted in several contexts. It allows exploring new technologies with a peer, which
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makes them feel more confident [5] and provides opportunity to apply interactive
communication and language skills, which they have been taught elsewhere [35]. This
accords with the ideas of Vygotsky’s Zone of proximal development [31], which em-
phasizes the collaboration with peers as decisive element for developing skills and is
corroborated by recent research.

The third difference was related to scaffold learning. The notion of scaffolding in the
context of interactive learning environments refers to software as supporting instance for
learners that structures activities by organized material and clear instructions for example
[35]. Reiser [19] describes software scaffolding as providing “some aspect of support that
helps make the learning more tractable for learners.” (p. 275). In the context of Hear-
tRun, sequencing elements, i.e. text message items, were provided that structured the
resuscitation activities involved and reminded learners what steps to take. For SEN pupils
this element provided orientation and it was considered helpful. However, for the SEN
learners, the organisation of the message items was not intuitive.

7 Conclusion

This paper has reported on a formal usability study comparing SEN learners having spe-
cific speech and or language difficulties and learners from regular education. The mobile
simulation game in use was not explicitly designed as a learning tool for SEN students
but was used to train them in the course of the general CPR school trainings. From this,
several design issues emerged regarding their perception of the game, which this paper
collocated. Results clearly showed differences in the perception and effectiveness of
individual mechanisms for the two groups with regard to switching between tasks and
devices as well as physical movement and activities. The purpose of our studies was to
turn the attention of educational designers to possible weak-points when designing tech-
nology-based learning offers for this particular target group.

From the gaming sessions it showed that mobile devices can effectively support
real-life activities and facilitate the switching between such activities and tasks on the
mobile, which is substantiated by connatural research [20]. Learners with special
needs highly valued the application, even though the handling was hampered and less
clear for them. What proved to be essential for them were the activity elements, the
structured content and its relevance to real-life situations. Even though there is evi-
dence that SEN learners gain much benefit from using ICT, there has been a lack of
research investigating the differences of using ICT and more specific mobile technol-
ogy for people with SEN [35].
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Abstract. The purpose of this paper is to provide an explanation of how Design
Science research has been applied in order to develop a mobile learning frame-
work for the ICT4RED project which is currently in progress in Cofimvaba in
the Eastern Cape Province of South Africa. This is regarded as a complex
project and the development of a research framework is essential in order to
replicate elsewhere in developing environments with similarities and to scale at
a national level. The unique process of developing this ICTARED mobile learn-
ing framework indicates the importance of 12 components which are either
regarded as enablers or as drivers for implementation. It is evident that monitor-
ing and evaluation as well as teacher professional development are key to the
success of the project and this is also evident from the development of the
framework thus far.

Keywords: Mobile learning research framework, Design Science research
process, tablets in schools, ICT for Development.

1 Introduction and Background

The Information, Communication Technology for Rural Educational Development
(ICT4RED) project of the CSIR Meraka Institute, in South Africa, is funded by the
Department of Science and Technology (DST) and the Department of Rural Devel-
opment and Land Reform (DRDLR). For the DST, the primary purpose of the project
is to create an opportunity to examine whether and how the introduction of new tech-
nologies, as well as technologies that have been tested in other contexts, will contri-
bute to improvements to the quality of teaching and learning in a rural context. Both
teachers (first) and learners are being equipped with mobile tablets and the school
environment with infrastructure to use the tablets in that context [1].

The ICT4RED component is a part of the bigger TECH4RED project that will
facilitate a range of technology interventions in rural Cofimvaba, including amongst
others, in ICTs, water and sanitation, health, nutrition and energy. This list is not ex-
haustive of the possibilities but is a considered selection of key interventions. To this
end, a number of multi-stakeholder project Working Groups (WGs) have been estab-
lished to examine opportunities and to jointly make recommendations on various
themed interventions in support of the wider project objectives. CSIR Meraka will

M. Kalz et al. (Eds.): mLearn 2014, CCIS 479, pp. 107-122, 2014.
© Springer International Publishing Switzerland 2014



108 M. Ford, M. Herselman, and A. Botha

only focus on ICT integration in teaching and learning and refer to this project inside
the bigger project (TECH4RED) as ICT4RED [2].

In terms of participation outcomes, the project has already completed the first two
of the envisaged three phases where 12 schools have already been supported and up
skilled to integrate mobile tablets into their practice. Phase three that expands to in-
clude an additional 14 schools will commence from February 2014. The project will
continue till March 2015.

The project has, amongst others, a research component with a well-defined re-
search agenda. Masters and Doctorate students have been recruited from different
universities to do collaborative research on the project. One of the Master’s students
is a teacher at one of the schools, which adds an additional research depth and oppor-
tunity to illustrate impact. Facilitators are assigned to a particular school (where train-
ing takes place) and thus establish long term relationships with the individual teachers
as they support them to integrate tablets into their teaching and learning. This sup-
ports a potentially sustainable formation of a community of practice for the future. At
the schools, technical committees have been formed where the teachers reflect on the
training and add their own interpretations and voice to the learning. District and cir-
cuit officials have also been trained to use tablets.

The sustainability and long term impact of this initiative depends on the long term
ownership, leadership and on-going learning of the community formed by the District,
Circuit and schools. The project has adopted a stance wherein it is explicitly stated
that the teachers are the experts in teaching, the project teams know about technology
and are there to learn with and innovate with the teachers in how to use technology to
enable teaching and learning. Teaching strategies are demonstrated to teachers during
a 10 module course, but teachers have to figure out how to apply these strategies in
their classrooms and provide feedback on how this is working in practice [3].

This paper will explain how design science research as a methodology, was applied
to advance a mobile learning research framework for this project in the Nciba district
in Cofimvaba, Eastern Cape Province of South Africa.

2 Use of Mobile Technology and Mobile Learning

The use of mobile technology to support teaching and learning is found to be cheaper
and more usable than for instance a PC, which helps people to get access to the learn-
ing materials, the facilitators and the fellow learners [4]. Researchers have stressed
the special significance of collaborative mobile solutions, that is, solutions enabling
peer-to-peer support for mobile learning [5]; [6]; [7]. In brief, mobile solutions are
valuable in easing up access (i.e. bridging the digital divide), making learning more
flexible and personalized, and providing collaborative (community) support for learn-
ing [8]. Collaborative or community support can also function as a bridge from more
formal and institutionalized forms of education to informal, work-related and life-long
learning.
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2.1  Defining Mobile Learning

Tétard et al. [8] define mobile learning as “situated, collaborative and guided teach-
ing, studying and learning, supported by mobile devices that utilise symmetric mobile
communications channels by which the learners and the facilitator may use and mould
specially designed learning objects for work, hobby or citizenship-related purposes or
as an aid to traditional education” (p. 191). This definition is viewed as appropriate
for the projects engagement with tablet technology.

3 Objectives

ICT4RED project aims to investigate how the application and deployment of new and
existing technologies (which include e-textbooks and other electronic resources) at
schools in the Cofimvaba district of the Eastern Cape Province can assist to develop a
mobile learning framework. This framework will need to be replicated and scaled to
other provinces and across the rural education system. The framework, in addition
would be well suited to influence policy on how technology enhanced teaching and
learning can be introduced to schools in resource-constrained contexts [3]. Contem-
plating the aim, the following main research question will guide and frame this inves-
tigation:

What elements constitute an ICT4RED Framework within the Tech4RED project? ‘

In order to address the aim the following objectives are envisaged [2]:

e Design systemic and sustainable approaches to providing access to digital content
by learners at resource constraint rural schools in South Africa;

e Design, develop, test and improve new and evolving educational technologies,
devices, platforms and processes that support the access to digital content for rural
school environments;

e Measure the effect of this project on the 21st century skills of teachers and learn-
ers; and

e Use the evidence from the research within this context to inform policy in an inte-
grated and coherent manner.

In order to develop a framework it is necessary to define what it is. According to
Lethbridge and Lananiere [9], a framework can be defined as a generic solution to a
generalized problem that provides common services to situations that are applicable
and consist of a set of ideas or principles and the processes needed to control the im-
plementation of functionalities. ‘A framework is also defined as a fundamental con-
struct that defines assumptions, concepts, values, and practices, and which includes
guidance for implementing the specific framework’[10]. The conceptual framework
of the ICT4RED research framework mainly involves the following knowledge do-
mains, namely models, frameworks, methodology, theories, policy and procedures
and practices on the development of an ICT4RED framework. These will be investi-



110 M. Ford, M. Herselman, and A. Botha

gated in the fields of Information Systems, Computer Science, Business Information
Systems, Information Technology, Human Computer Interaction and the cross-cutting
field of ICT4D.

The ICT4RED framework will consist of all these constructs and functionalities in
the end and will also involve various tested models.

4 Methodology

The ICT4RED engagement is underpinned by Ford [2] ICT4RED 12 Component
Implementation Model that identifies and outlines the different components that are to
be addressed within the initiative.

Ford [2] identified the following components after the first phase (pilot at one
school):

. Project Management,

. School ICT Architecture,

. Network,

. Change Management,

. Teacher Professional Development,
. Content,

. Operations Management,

. Communication,

. Monitoring and evaluation,
10. Research,

11. Community Engagement, and
12. Stakeholder Management.

[c BN e WY B O S

Nel

In the light of the research question and the ICT4RED implementation model above,
the methodology which will be applied to develop this replicable ICTARED Frame-
work will be Design Science research. Design science research focuses on creation
and the purpose of design is “to change existing situations into preferred ones” [11].
Design science addresses ‘wicked problems’ in Information Systems or IS [12] and is
fundamentally a problem-solving paradigm. Wicked problems as explained by Hevn-
er & Chatterjee [13] relate to the ill-defined environmental contexts, creativity and
teamwork to produce effective solutions. There are compelling arguments to accept
the educational exploitation of ICT within resource constrained environments such as
the Cofimvaba school district as a wicked problem.

The research, grounded in the philosophy of pragmatism will apply the deductive
reasoning approach, which will be operationalized through a Design Research en-
gagement informed by the ICT4RED 12 Component Implementation Model of which
each component will be viewed as a unit of analysis towards the development of the
ICT4RED Framework. Each of the 12 components (units of analysis) will be investi-
gated through the use of case study research and these results will inform the devel-
opment of the framework which will be designed by Design science research.
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Table 1. Design-Science Research Guidelines [14]

Guideline

Description

Application in this project

Guideline 1: Design as
an Artifact

Design-science research must
produce a viable artifact in the
form of a construct, a model, a
method, or an instantiation

A framework will be devel-
oped as an artifact based on
knowledge gained from the
application of technologies
and resources in the Cofim-
vaba schools.

Guideline 2: Problem
Relevance

The objective of design-science
research is to develop technolo-
gy-based solutions to important
and relevant business problems

Technology-based solutions
will be created to support the
teaching and learning at
Cofimvaba schools.

Guideline  3:
Evaluation

Design

The utility, quality, and efficacy
of a design artifact must be
rigorously demonstrated via
well-executed evaluation me-
thods

The framework will be eva-
luated by various expert
reviewers before replication
and M&E processes will also
be applied to evaluate the
different components of the
framework.

Guideline 4: Research
Contribution

Effective design-science re-
search must provide clear and
verifiable contributions in the
areas of the design artifact, de-
sign foundations, and/or design
methodologies

The elements of the frame-
work will be able to contri-
bute to new processes and
artifacts which can assist
schools to use technology
enhanced learning resources
to support teaching and
learning. There is a theoreti-
cal, methodological and
practical contribution.

Guideline 5: Research
Rigor

Design-science research relies
upon the application of rigorous
methods in both the construction
and evaluation of the design
artefact

Rigor will be achieved
through evaluation of the
framework by expert re-
viewers from industry and
academia. Additions to the
knowledge base as well as
determining through moni-
toring and evaluation what
worked and what not, with
reasons, will assist in streng-
thening the elements of the
framework.
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Table 1. (Continued)

Guideline 6: Design as | The search for an effective arti- Each component of the exist-

a Search Process fact requires utilizing available ing 12 model will have their
means to reach desired ends own research question, deli-
while satisfying laws in the verables and methods which
problem environment they apply to add to the

knowledge base of the ele-
ments of the framework.

Guideline 7: Communi- | Design-science research must be | Communication will happen
cation of Research presented effectively both to through a communication
technology-oriented as well as strategy in consultation with
management-oriented audiences | the stakeholders of Depart-
ment of Science and Tech-
nology, Department of Basic
Education and Department
of Rural Development and
Land Reform.

4.1  Design Science Research Guidelines

The seven guidelines to perform design science research in Information Systems dis-
cipline described by Hevner et al. [14] will be followed and include: design as an
artifact, problem relevance, design evaluation, research contributions, research rigour,
design as a search process and communication of research [15].

4.2  Design Science Research Process (DSRP)

Peffers et al. [16] developed a conceptual process and mental model for carrying out
design science research and presenting it. The proposed Design Science Research

Nominal process sequence
PROBLEM IDEN- OBJECTVES OF DESIGN & DE- DEMONSTRATION EVALUATION COMMUNICATION
TIFICATION & ASOLUTION VELOPMENT
MOTIVATION === - Find sutable [ Observe how [ Scholarly pub-
What would a Artifact H context EN effective, effi- P lications
Define problem | 2 better artefact - Eg EE: cient -4
3 accomplish? g 2g Use artefactto  |= 2 22 Professional
Show impor- 2 = = solve problem |8 § lterate back to 2 é publications
tance = £ 5 = desian o=
A A 4 =
PROBLEM CEN- OBJECTIVE CEN- DESIGN & DE- OBSERVING A
TERED AP TERED SOLUTION VELOPMENT SOLUTION
PROACH CENTERED AP-
PROACH
~— -
T~
Possible entry points for research

Fig. 1. Design Science Research Process (DSRP) Model [16]



Building an Mlearning Research Framework through Design Science Research 113

Process (DSRP) is consistent with prior literature [14; 17-20] and includes six steps:
problem identification and motivation, objectives for a solution, design and develop-
ment, evaluation, and communication. The iterative nature of the Design Science
Research Process is represented by the arrows between the various steps.

The Design Science Research Process introduced by Peffers et al. [16] will be
adapted for the design of the framework for this project as depicted in Figure 2 below:

Three iterations

Problem

Identification & ?:jes‘:tllv(:.s of DDes:gn andt Demonstration ommunication
Motivation e solution evelopment
Define problem Approaches to ICT4RED Multiple Case g; Each Phase will be ® Scholarly
and aim of access digital framework design | g Studies E evaluated to inform | publications
ICT4RED content by learners and development. _g’ 2| the ICT4RED Qo
® Q| phase 1: Pilot 2| framework and % Professional
Deliverable: 2! Design, develop, g‘ This willinvolve | 3| Arthur Mfebe SSS % Iterate back to | publications
ICTARED Q  testand improve @ three consecutive |§ = Design and ‘ >
Framework »g new and evolving S| Phases Leaming 9| Phase2: 11 | Development. g Masters and PhD
—| educational from each phase 3| Schools é = studies
technologies, will inform the g @ The final ICT4RED |5
devices, platforms following phase T . 0| framework will be | 2| Evidenceof Teacher
Phase3:14 5| o O andleamnsr
and processes. towards the Schools D| evaluated by
ICT4RED =| expertreviewers development
Measure effect on Framework from technology,
215! century skills education and
of learners ICT4D domains.
Inform Policy

Problem

Centered
Approach

Objective
Centered
Solution

Design &
Development

Centered

Observing the

Solution

Approach

—

Entry point for this research

Fig. 2. Design Science Research Process for this project adapted from Peffers et al.[16]

The research process will be guided by Saunders (2007), research onion and there-
fore will comprise the following aspects in summary:

Philosophy: The philosophy that will be chosen for the study is mainly pragma-
tism, but interpretivism will also be applied on the results from the multiple case
studies (of each of the 26 schools) which will be part of the iteratives of the design
science cycle above.

Methodology: The methodology used will be Design science research which will
be informed by qualitative multiple case study methodology because it will enable
the researcher to answer the research questions.

Approach: The data will be analysed through both inductive and deductive means
Research Strategy: The strategy that will be undertaken to be used in the study is
the multiple case study approach.

Data Collection Techniques Used: The data collection techniques that will be
used included primary data in form of the validations from the experts and secon-
dary data that will be sought from the literature reviews.
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e Data Analysis: Will employ hermeneutics, descriptive statistics techniques to
make meaningful examination of the collected data as well as within-, cross and
holistic case analysis. Triangulation of results will therefore be applied.

In order to develop the final ICT4RED framework where the different phases as itera-
tions will be applied, the following figure explains the final Design science process
where the multiple case studies are included:

- conmuncee ST
Sokiion Development DemonsStido results of Phase 1 P (Ford. 2012)
e SSS

Phase 1: Case Study Arthur Mfeb Informs
2011-2012 Conceptual
Framework
Version 1
Multiple Case
" N Design And 5 Communicate Results of 12 Multiple Case
Studies with Development Demonstration results of Phase 2 Studies
Design
Research Phase 2: Case Study . 11 Additional Schools Informs
: 2012-2013
Iterations Conceptual
Framework
Version 2

Phase 3: Case Study . 14 Additiol Expert reviews
2014 +

Design And 5 Communicate Results of 26 Multiple Case
Development Demonstration results of Phase 3 Studles
nal Schools

Final
ICT4RED Framework

Fig. 3. Design science research process with the multiple case studies and the deliverable
from each

4.3  Theory

Theories are constructed in order to explain, predict and master phenomena (e.g. rela-
tionships, events, or the behaviour). In many instances we are constructing models of
reality. A theory makes generalizations about observations and consists of an interre-
lated, coherent set of ideas and models. The following theory is applicable to this
project:

Design Theory

Gregor [21] identifies five types of theories in IS, one of which is a theory for design
and action. The aim of this type of theory is to say how to do something and to give
explicit instructions in terms of methods, techniques, principles of form and function
for the creation of an artifact. Design theory does not express an opinion about the
merits of one course of action compared to another based on moral or ethical consid-
erations. It is concerned with the utility and novelty of the artifact [21; 19].
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Gregor and Jones [22] identify eight components of an IS design theory; six of
these are regarded as core components while two are additional components. The core
components are the purpose and scope, constructs, principles of form and function,
mutability of the artifact, testable propositions and justificatory knowledge. The two
additional components are the principles of implementation and expository instantia-
tion.

5 Progress so Far with Developing the Conceptual Framework

The development of the conceptual framework, at this point in time, is a result of
phase 1 (one pilot school) and phase 2 (11 other schools) and involves the ICTARED
12 component implementation model of Ford [2].

5.1 Version 1 after Phases 1 and 2

The 12 components, as units of analysis, are viewed as either drivers or enablers and
dependencies are still being investigated. Each of these components have to indicate
what their theoretical or literature underpinning is, whether they will deliver a process
or an artefact, what their respective investigative questions are in support of the main
research question. Data collection instruments and specific detail on deliverables also
has to inform the development of the conceptual ICT4RED framework in the end (see
table 2 below).

The following figure outlines the placement of these components as either enablers
or drivers. Identification as an enabler or a driver is pivotal in realising the level of
contribution as well as dependencies when one has to build a replicable framework to
use when technology is introduced or is enhancing the current rural education system.
When a component is identified as an enabler it means that it supports and facilitates
the drivers when the implementation of technology in rural schools takes place. A
driver creates motion and momentum that act as pillars to support the enablers. Driv-
ers also drive the process of deploying and using technology and produce processes as
artifacts within Design Science research. Enablers can produce processes and new
artifacts (model, constructs) as deliverables within design science.

After phase 1 and 2 it is evident that the 12 components can be arranged as either
drivers or enablers. Table 2 provides a detailed outline of each components of the
conceptual framework.
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Table 2. Conceptual framework components and deliverables

tion focused evaluation
influence

the artifacts (evaluation
framework, evaluation
instruments) and
processes (data collec-
tion, analysis, interpreta-
tion and feedback) that
were developed in the
evaluation of the Cofim-

vaba e-textbook project?

(M&E as a component)

Component | Research Question DSR Me- | Data collection | Deliverable Theory or
thod (Ar- | instruments literature
tefact or
process)

IProject Man- [How can PM assistto  [Process None Successful IPFMA

agement deliver a successful (enabler) project execu- |Prince 2

project tion IBBBEE
[Procurement
rocess
[Teacher IHow can we guide the |Artefact & |Observation Badge micro  [TPAC
development (development of relevant [process Questionnaires  [accreditation  [TEL (Technolo-
teacher knowledge and |(driver) [Focus group system gy enhanced
proficiency to enable linterviews Mobile applica- [learning)
classroom practise to IPhotos tion IMobile learning
portray a 21" century Artifacts devel-  |Curriculum ICT4D Curricu-
teaching and learning oped by teachers |modules for lum design
engagement? training teachers|Gamification
(EduPack) literature
Content Co-creation with teach- [Process & TPAC
lers? IPrimary CAPS docu-
driver ments
artefact IDevelopment
(driver) millennium
goals

IMonitoring |1. How did Design IProcess & |Case Study data [M&E Frame- |[Developmental

and Evalua- (Science, Developmental [artefact collection instru- |[work for this [Evaluation

tion IEvaluation and Utiliza- |(driver) iments initiative (Patton, 2010)

Utilization
IFocused Evalu-
ation (Patton,
2008)

IDesign Science
(Hevner, 2007)
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Component | Research Question DSR Me- | Data collection | Deliverable Theory or
thod (Ar- | instruments literature
tefact or
process)
2. Was the project de- Implementation [Implementation [((OECD Devel-
signed well, imple- [Evaluation Evaluation opment Assis-
mented successfully and Textual analysis |[Reports & tance Commit-
which results did it of Twitter feed, |Continuous tee, 2010)
deliver? (M&E reflect- land Whatsapp  [feedback
ing on the project) lgroup (DPME, 2011)

Post training
trainer feedback
form

|Attendance regis-
ters

IPost-training
teacher feedback

Outcome Evalu-
ation Reports &

(Zvoch, Letour-
neau, & Parker,
2007)

(Kirkpatrick &
Kirkpatrick,

2006)

(Shadish, Cook,

forms Continuous & Campbell,
Evaluation 2002)

Quarterly tele-

Iphonic teacher

survey

Quarterly tele-

Iphonic school

survey

Device usage

statistics

School functio-

nality checklist
3. Which contextual IRe-analysis of  |[Documentation ((Funnell &
factors and aspects of the school functional-|of Sustainability [Rogers, 2011)
Cofimvaba model is ity checklistin ~ jmodel
necessary for achieving relation to im- (Twinomugisha
implementation success Iplementation Documentation |& Bassi, 2009)
land outcomes? (M&E success and of Theory of
reflecting on Model) loutcomes /Action &

lachieved Theory of

Change
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Component | Research Question DSR Me- | Data collection | Deliverable Theory or
thod (Ar- | instruments literature
tefact or
process)
Cost Evaluation
GeSCI TCO tool
IProcess modelling
Scenario building

IResearch How can postgraduate  [Process & [Both design IM&D studies  |[Design theory
studies contribute to the |Artefact science and case Critical realism
model and literature & |(driver) studies IDesign science
understanding depth? methodology
IHow can the findings Creswell (2011)
Influencing future poli- Mixed methods
cy? Saunders, Lewis

and Thornhill
(2011) research
onion

School ICT  [What process needs to befMeso Arte- (Group decision [Infrastructure  [Which architec-

infrastructure [followed to select appro- [fact (deci- [making — for selection processjture frame-
priate elements of ICT  [sion model |decision frame- works? End-to-
infrastructure for differ- fand process)works. Desktop [Functional end ecosystem.
lent schools? (driver) research on tech- [specifications

nology trends. IDecision science
\Which decision models Consultations Multi-criteria
can be used to support with current users [Decision support]
infrastructure selection? land technology |models (e.g.

providers. tablet selection).

[User feedback

(via call centre;

response to tech-

nology during

training)

INetwork 'What elements of the IProcess & |Field observations|Definition of Scalable, flexi-
network influence the  [macro (i.e. school visits [critical elements |ble and open
progress of the artefact to determine (bottlenecks to |network design
ICT4RED project? (driver) lappropriate tech- |progress, single

nology in specific [points of failure)
ILevels of dependencies location)
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Component | Research Question DSR Me- | Data collection | Deliverable Theory or
thod (Ar- | instruments literature
tefact or
process)

on the network compo- Network archi-
nents. Information from [tecture
network vendors
land current prac-
tices of service
roviders.
Operations  [What elements of opera- [Process \Alignment with |Elements of ITIL service
management [tions management are  ((Operations |best practices and [operations management
critical to the successful [processes) [use CSIR models [management framework.
implementation of the  ((enabler) ([for technical process
project? support (VO IResource alloca-
imodel) Process register [tion models
[Understanding the com-
plexity of operations in Financial sustai-
rural areas (high costs, nability of
low density). operations in
different catego-
ries of schools
(cost model)
Stakeholder [What is the role of IProcess Qualitative Rapport built  [Theory
IManagement |managing Stakeholders [(enabler) with all stake-
in the implementation of Questionnaire andfholders includ-
an ICT4D project in field visit notes [ing the Depart-
rural schools? iments involved,
community
leadership and
lexisting projects

Community [What role does Commu- [Process Qualitative /A buy-in by the [Theory

lengagement |nity Engagement play in |(enabler)  |Questionnaire and[SGB and com-

the successful implemen- field visit notes |munity sur-

tation of the ICT4ARED rounding the

project? school.
Ownership of
project by the
school.

Change Man- [What are the key ele-  [Process & [Focus group Increase proba- [Literature

agement ments of Change Man- [secondary [interviews bility of the

agement in the introduc- driver ICT4E Project
tion of ICT in teaching [artefact IKey informant  [success in line
and learning at rural (driver) linterviews with project
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Component | Research Question DSR Me- | Data collection | Deliverable Theory or

thod (Ar- | instruments literature
tefact or
process)
schools? aims and objec-
tives

Provide support
to schools and
Cofimvaba
District office
through the
change journey
land transition

Manage resis-
tance to the

change

Identify risks
lassociated with
the change
initiative and
eliminate or
reduce the

impact

List of docu-
ments to be
compiled by the
school ICT
committee.

Train District
officers to take

over the compo-

nents.

It is evident from the above table and figure that in this project Monitoring and
evaluation plays a pivotal role to ensure that impact can be traced and measured over
the three period of the project.
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6 Conclusions

This development of the ICT4RED framework was provided and also the role that the
application of the Design Science methodology has played to realise the components
of the framework. The specific Design Science process [16] which was followed also
indicated the role of case studies inside this methodology for validation and evalua-
tion of the framework which is described as the artefact which will be developed. The
progress of developing this framework after phase 1 and 2 of the project indicated
what each component will deliver and the type of deliverable which is expected from
each component. Developing such a framework takes time and constant improvement.
Once the whole framework is developed after the completion of phase 3 it will be
useful to see how this ICT4RED framework has changed since phase 1 and 2. The
significance of the ICT4RED framework lies in the fact that it will be used to repli-
cate the project in other provinces or context with a similar nature and to identify the
changes and adaptions based on the contexts.
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Abstract. With the advancement in the use of mobile technology has attracted
many educators and researchers to develop mobile science inquiry-based learn-
ing activities for educational purposes. In school science education literature,
many applications are designed and evaluated using various evaluating frame-
works. These evaluations are based on either one or more of the following
attributes; technological usability, inquiry skills, learners’ performance, learn-
ers’ perceptions about the applications, learners’ cognitive load and the longer
impact of an application. However, none of these frameworks cover all of these
attributes in a single framework. Thus, this paper addresses this issue by con-
ducting a comprehensive literature review about the current state of the use of
mobile science inquiry evaluation frameworks. Consequently, a proposed
framework, MSI (Mobile Science Inquiry) evaluating framework is presented in
this paper.

Keywords: Mobile Learning, Inquiry-based Learning, Evaluation Framework,
Science Education, Mobile Science Inquiry.

1 Introduction

Inquiry-based learning (IBL) or Inquiry learning is a pedagogical approach that al-
lows learners to gain knowledge and develop their reasoning skills through explora-
tion and investigation of a given scientific phenomena [1-2]. This learning activity
can provide ample opportunities to acquire inter-related objectives including the ac-
quisition of general inquiry abilities, the acquisition of particular investigation skills,
and the understanding of the underlying domain in a given scientific inquiry [3].

With the tremendous advancement in learning technologies, educators are tend to use
these technologies, particularly mobile devices for promoting science education in
different ways such as technology-based instructions in their classes or preparing mate-
rials via technology [4]. Further, the affordance of these devices provide powerful multi-
media, geo-location capabilities, social networking communication and mobile learning
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opportunities in order to perform scientific inquiries in natural environments (e.g. parks,
woodlands, museums) and inside the schools [5].

There are numerous studies found in the literature related to mobile science educa-
tion, state that students can perform better if they equipped with mobile devices while
doing scientific inquiries [2], [6]. In addition, there are few other studies highlighted
that the use of mobile devices as tools are significant when their instructional scaf-
folding improve the quality of learners’ explanation during scientific investigations
[7-8]. Hence, these devices facilitate students in order to acquire underlying domain
knowledge and may enhance their reasoning skills compared with those who do not
use them during science inquiry activities.

In any application, evaluation can play a vital role for investigating rigorously the
utility, quality and efficacy using some well-executed methods [9]. There are many
applications found in the literature, which are evaluated either technological usability
of the application, learners’ performance, learners’ perceptions, cognitive load, learn-
ers’ reasoning skills or combination of these few attributes. However, there is no sin-
gle framework found in the literature that covers all these aspects comprehensively.
Therefore, this paper addresses this challenge and presents an evaluation framework
for such mobile science inquiry learning activities.

The remainder of this paper is structured as follows. In section 2, previous litera-
ture about the evaluation framework for mobile inquiry-based learning is discussed.
Section 3 presents our proposed framework while section 4 contains concluding re-
marks and discusses some future directions of this research.

2 Evaluation Frameworks for Mobile Science IBL. Applications

There are many evaluation frameworks found in the literature, which are used for
evaluating different aspects of mobile science inquiry investigations including tech-
nological usability, learners’ performance, learners’ perceptions, cognitive load,
learners’ inquiry and reasoning skills, and longer impact of an application at organiza-
tional context. Here, 15 mobile science inquiry applications are described in Table 1
in which 9 applications were evaluated by using a particular framework while others
were evaluated without using any framework.

In these applications, learners are involved in various activities; ranges from data
collection to scientific explanations at different locations including indoor (e.g. class-
room, laboratory or any place within a school), outdoor (e.g. Museum, Park or any
place outside a school) and mixed (both indoor and outdoor). Further, most of the
applications were designed for primary and high schools students.

Amongst these evaluation frameworks (see Table 1), the M3 (Micro, Meso, Macro)
evaluation framework [10] was used. The M3 consists of three levels; a Micro level
deals with usability, a Meso level concerned with the learning experience about the
application, and a Macro level related to the longer impact of an application. This
framework has been used in couple of applications namely MyArtSpace [10] and
ThinknLearn [11]. The first application was evaluated at all three levels while the
latter was involved in only two levels; Micro and Meso [12].
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Application | Evaluation Activity Evaluation Type Evaluators Location
Framework (Age/Class)
Ambient Digital Data Collection & | Frequencies of Probing | 11-12 Years Outdoor
Wood Project | Augmentation | Hypothesis Gen- Activities & Perception | Students
Framework eration
BioKid Se- - Data Collection Usability & Accuracy 5t 8™ Grade Mixed
quence Students
MyArtSpace M3 Data Collection Usability, Performance, | Students & Mixed
Evaluation Perceptions & Long Teachers
Framework Term Impact
ThinknLearn M3 Hypothesis Gen- Usability, Performance High School Indoor
Evaluation eration & Perception Students
Framework
MPLS (Mobile Mobile Data Collection & | Usability, Performance | Avg. 11 Years Outdoor
Plant Learning | Learning Collaboration & Perception Students &
System) Framework Teacher
LET’S GO! -—- Data Collection & | Performance & Per- 16-18 Years Outdoor
Collaboration ception Students
nQuire -—- Data Collection & | Usability, Performance | Avg. 14 Years Mixed
Collaboration & Perception Students &
Teachers
WHIRL -—- Classroom As- Frequencies of Use & Primary School | Indoor
sessments Perception Teachers
Zydeco McNeil’s Data Collection & | Performance & Percep- | 6™ Grade Stu- Outdoor
CER* Scientific Expla- tion dents & Teach-
Framework nation ers
Mobile G- TAM/TTF** Data Collection Usability, Performance Secondary Outdoor
Portal & Perception School Students
SDG (Shared - Data Collection & | Performance 4™ Grade Stu- Outdoor
Display Collaboration dents
Groupware)
Chu et al. Two-Tier Test | Guidance Performance & Percep- | Primary School | Indoor
Guiding (T°G) tion Students
Shih et al. - Guidance Performance & Cogni- | Primary School | Mixed
tive Load Students
Liu et al. SE  Leamning | Data Collection & | Performance & Percep- | 4" Grade Stu- | Mixed
Cycle Guidance tion dents
Hwang & | FAML*** Data Collection Performance, Percep- | 5" Grade Stu- | Outdoor
Chang tion & Cognitive Load dents

* Claim, Evidence and Reasoning Framework, ** Technology Acceptance Model/
Task-Technology Fit Model, *** Formative Assessment Mobile Learning

The other frameworks were used in a single application such as MPLS [6], a mo-
bile plant learning system was evaluated by using a framework defined by Motiwalla
[13]. This framework has two objectives: monitor the usage of mobile applications
and get feedback about the use of the application and determine the students’ opinions
about the significance of the application. Similarly, in Mobile G-Portal [14], TAM
[15] along with TTF [16] was used for the evaluations. TAM aims to determine learn-
ers’ perceptions and the technological usefulness of an application [15] while TTF
emphasizes on the learners’ performance in a particular given task [16].
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McNeil’s CER framework [17] and 5E Learning cycle [18] were used in Zydeco
[19] and Liu et al. [20] respectively for the evaluation of learners’ performance and
perceptions about the applications. Both these frameworks emphasize on evaluating
the inquiry process and its relevant skills. McNeil’s CER [17] assists students in de-
veloping scientific explanations by dividing a task into these parts; making a claim,
evidence to support that claim and the reasoning that connects the evidence with a
claim. On the other hand, S5E Learning cycle [18] consists of five phases including
engagement, exploration, explanation, elaboration and evaluation that can help stu-
dents to perform scientific inquiries in a natural environment.

The other two frameworks FAML [21] and T°G [22] were designed to investigate
by focusing on the learning assessments of learners while using mobile devices for
conducting scientific inquiries. Another framework namely digital augmentation
framework was designed to evaluate Ambient Wood Project [5] in order to identify
the number of frequencies of the use of probing and learners’ perceptions about the
application.

However there are few other applications in the literature such as BioKid Sequence
[23], LETS’GO! (Learning Ecology through Technologies from Science for Global
Outcome) [24], nQuire [25], SDG (Shared Display Groupware) [26], WHIRL [27]
and Shih et al. [2], which do not apply any particular framework but these applica-
tions were evaluated by one or two of these aspects; technological usability of an
application, cognitive load while using applications, learners’ performance and their
perceptions about the applications. Therefore, this paper addresses a new evaluation
framework that includes all these aspects used in such mobile science inquiry investi-
gations.

3 MSI: A Proposed Evaluation Framework

A MSI (Mobile Science Inquiry) evaluation framework is based on six aspects; three
are application-related, two are inquiry-based learning skills and the one is related to
the longer impact of both application-related and inquiry-based learning and reason-
ing skills at organizational context as shown in Fig 1.

3.1 Application-Related

This application-related is further divided into three aspects; technological usability,
learners’ perceptions and cognitive load for using application.

3.1.1 Technological Usability

Usability can play a vital role in the success of any application. If an application is not
usable enough then it obstructs the way for facilitating students’ reasoning skills [28].
In addition, quality aspects need to be evaluated for developing mobile learning appli-
cations [29]. Thus, this technological usability consists of both [12]; usability aspects
(Learnability, Operability and Understandability) [30] and mobile quality aspects
(Interactivity, Metaphor and Learning Content) [29].
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Application-Related Inquiry-Based Learning Skills
Technological Usability
Learners’ Performance
Learners’ Perceptions

Learners’ Inquiry and Reasoning
Cognitive Load skills

Longer Impact of New Technology at Organizational Context

Fig. 1. MSI (Mobile Science Inquiry) Evaluation Framework

3.1.2 Learners’ Perceptions

Learners’ perceptions or interests are important ingredient to measure while evaluat-
ing any application. It is confirmed that almost all of the above applications cover this
aspect in evaluations. This aspect is used to examine the learning experience about the
given task or activity while using an application [6].

3.1.3 Cognitive Load

Cognitive load is another important aspect in any IBL application that may optimize
learners’ intellectual performance during learning activities [31]. There are two
types of cognitive load [2]; intrinsic and extraneous, the former deals with the nature
of the learning materials, the learners’ cognitive levels and their inter-related activi-
ties, also referred as mental load [21]. The latter, known as mental effort, tells how
learning content can be organized and presented to learners [2].

3.2  Inquiry-Based Learning Skills

3.2.1 Learners’ Performance

Many studies reported that the measurement of learning performance or achievement
is significant in the evaluations of mobile science IBL applications [2], [6], [10-12],
[14], [19- 22], [24-26]. In most of these applications, a test was conducted at the end
of any learning activity in order to examine the learners’ understanding about the
underlying domain.

3.2.2 Learners’ Inquiry and Reasoning Skills

This aspect is not much evaluated in many applications in the literature. However,
McNeil’s CER Framework [17] and SE Learning Cycle [18] are the frameworks that
describe how learners’ inquiry and reasoning skills can be evaluated. These frame-
works target scientific reasoning processes to be evaluated. The scientific reasoning
processes are [32]: orientation, which focuses on the identification of variables and
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their relations; hypothesis generation, which formulates a model of a particular
domain for considerations; experimentation, which validates the model or hypothesis
while in conclusion, a new knowledge of a particular domain is constructed. Learners
need to be evaluated at each process so that inquiry-based learning skills can be eva-
luated properly.

3.3  Longer Impact of New Technology

This aspect evaluates the longer impact of the new technology at the organizational
contexts described as macro level of the M3 evaluation framework [10]. In science
education, the use of mobile technology in such inquiry learning activities should be
examined appropriately by educators and students for a longer period of time.

4 Conclusion and Future Work

In this paper, a mobile science inquiry (MSI) evaluation framework is proposed for
conducting science inquiry investigations in school science education. This proposed
framework is based on the evaluation frameworks found in the literature discussing
science inquiry-based learning applications. This framework consists of six evaluation
aspects including technological Usability, learners’ performance, learners’ percep-
tions or attitudes, learners’ inquiry and reasoning skills, cognitive load and technolo-
gical longer impact on learning and inquiry skills.

This is an early stage of this proposed framework for the evaluation of any science
inquiry learning activity. In the future, this framework will be used with some pre-
vious or new applications in order to identify its actual potential so that it can become
as a standard evaluation practice for performing mobile science inquiry investigation
in schools.
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Abstract. Learning Content management systems (LCMS) are important tools
for organizing learning material and communication. Increasingly mobile tech-
nologies are used for internet access; particularly important in developing coun-
tries where broadband is scarce. Mobile LCMS introduce specific challenges,
which are yet not fully addressed. This paper reviews the literature on mobile
LCMS for the purpose of identifying current research focus, research gaps, and
future research directions regarding how to bridge the gaps and leverage CMS
technology to support “mobile learning”. The concept matrix method is used to
collect and analyze literature. Five prominent research areas are found; Use,
access, design and infrastructure; communication and collaboration; engage-
ment and knowledge development; content and service delivery; and implemen-
tation experiences and evaluation. A major gap identified is that research does
neither clearly nor thoroughly address the intersection between learning and
technology. Adjusting technologies to learning contexts and environments is a
key area for future research.

Keywords: mobile learning, MLCMS, LCMS, LMS, CMS.

1 Introduction

Technology mediated learning, “e-learning”, is increasingly important in higher edu-
cation. E-learning platforms and tools such as Learning Management Systems (LMS)
are developed to allow teachers and learners to share education materials, work on
assignments, communicate, and collaborate online [19, 20, 21]. Benefits such as sim-
plicity in data mining [36] and good content and social interactive environments [4]
have created demand for use. In [20], it is indicated that more than 90% of universi-
ties and colleges in developed countries for example the US and UK have imple-
mented e-learning systems (LMSs) for students and faculty use. The authors explored
uses and perceived benefits of LMS in supporting traditional classroom teaching and
found that teachers and students highly value the teaching and learning tools within
the LMSs most especially tools and activities for efficient communication.

* Corresponding author.

M. Kalz et al. (Eds.): mLearn 2014, CCIS 479, pp. 131-145, 2014.
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According to Digitalbuzz [7], there are 6 billion mobile phones in the world. As
today’s world population is 7 billion, this suggests that even though some people have
more than one phone some 80 % of the world population have access to, and use,
mobile phones. One driving factor for mobile demand is mobile Internet, which is
predicted to surpass desktop Internet in 2014 [6]. This steady growing market demand
serves as a fertile ground for the integration and implementation of m(obile)-learning
systems. M-learning implementation is already a stated need in many education insti-
tutions [1].

Research has been carried out on different aspects of learning using LMS and investi-
gating how such systems contribute to learning processes. However, in [23] authors re-
port that most studies rather focus more on technology adoption and use and less on
learning processes. There are also claims that mobile learning has not been as successful
as other forms of e-learning [12]. Challenges include many kinds of issues like cost,
isolation during learning, security, privacy, etc. [32]. Another commonly mentioned
challenge is the inability to process multimedia content in a manner suitable for learners’
small screens and unsupported data formats of supplied content. In this study therefore
we focus on Content Management Systems (CMS) technology with a specific focus on
use in learning contexts because of the content management challenge — a challenge that
is considered a key factor in web-based learning systems [13]. Even more specifically we
focus on the use of mobile applications with such systems, MLCMS.

Content presentation is one aspect that can affect the motivation of learners nega-
tively or positively [29]. From time to time efforts have been made to improve and
facilitate access to and management of web content. Some of these efforts involve
creation of standards and platforms for content presentation, access and management
across different computing devices such as phones and computers.

This study presents a comprehensive review on learning content management
systems (LCMS) with a focus on mobile phone use in learning. Our objective is to
identify research gaps and future research directions regarding how to leverage CMS
technology to support m-learning. The study seeks to answer the questions:

— What are the key focus areas in MCLMS research and practice?
— What are the key future research directions in the MLCMS field, and what gaps are
there?

Before going into the literature study we present an understanding of LCMS by
distinguishing different CMS technologies in educational contexts.

2 CMS Technology

There are various definitions of CMS. Rivera, Candela, Garcia [35] defines CMS as
tools based on web technology that provide an environment for creating, accessing,
editing, and managing information in a friendly, reliable and secure way. Many defi-
nitions, considering the education perspective, are formulated based on the generic
classes of technologies derived from CMS technology, for example Learning Content
Management Systems (LCMS), Mobile Learning Content Management Systems
(MLCMS), and Learning Management Systems (LMS), etc. Our exploration takes the
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education strand and focuses primarily on MLCMS, but as the definitions are not used
in a strict way, and as many system features cut across different systems, we need to
include all of them.

Ibid [35]’s definition of CMS is the most comprehensive one, covering many aspects
of other definitions; hence we draw on it to define LCMS/MLCMS as learning CMS that
can store and deliver learning content and services to mobile computing devices. In this
paper, following the mainstream literature, “mobile” excludes laptops. For the purpose of
content separation depending on access device choice, LCMS and MLCMS may be
discrete/independent systems or application modules of any CMS technology that uses
multi-channel content delivery method, where content is intelligently and automatically
separated and sent to a receiving device based on the kind of the device for example a
desktop computer or some mobile device. It should be noted that the terminology in the
literature is not crystal clear. Often LMS share the same definition with LCMS. While
the two kinds of system are complementary, they are often used to address different and
unique education challenges [31, 34].

Rengarajan [34] and Qwaider and Hattab [31] further give an overview of differ-
ences between LCMS and LMS. The differences are summarized according to appli-
cations’ core functions in Table 1. The functions listed in Table 1 are some of the key
requirements of an e-learning system [31]. The table has been extended to include
comparisons on CMS and MLCMS.

Table 1. Comparison of CMS, LMS, LCMS and MLCMS

#  Features (learn-  Core Functions
ing perspective) CMS LMS LCMS MLCMS

1 Content creation and R - R L
management

2 Course Catalogue L R L R

3 Management of Learners - L R L

and e-learning activities
(portfolio management)

4 Instructor-led sessions - R - -
management

5 Searchable library of re- L - R L
usable content

6 Registration system L L R R

7 HRM application integra- - R - -
tion

8 Competence management L R L L

9 Assessments manage- L L R R
ment

10 Location-based aware - - R R

delivery of content
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Table 1. (continued)

11 Collaboration and com- R L R R
munication

12 Planning tools L R L L

13 Content creation and R - R L
management

R = Robust functionality
L = Limited functionality

Table 1 summarizes how various system functions are related to the different kinds
of systems in the literature [31, 34]. While there are differences in how various au-
thors define these systems, they have similar functions or characteristics: for example
most functions of LMS are also found in LCMS and MLCMS but may not be key
functions in those contexts.

The evolution of systems supporting learning, which started as early as 1960s, has
undergone four stages according to [31, 37]. These include (1) generic content libra-
ries, (2) learning management systems, (3) outsourced e-learning platforms, (4) learn-
ing content management systems. The first stage involved creation and delivery of
e-learning material on CD-ROMs until organizations spearheaded the development of
content libraries for e-learning courses (stage two; basic LMSs). However in stage
two, most events such as enrolment were classroom based. Companies started to offer
outsourcing services by providing web space for education institutions to upload their
teaching material (stage three). This stage, according to [31], had a drawback, namely
inefficiency. Organizations using outsourced services would not manage learning
content and events quickly. Finally LCMS (stage four) were introduced as an all-tasks
solver platform.

Many studies on CMS and learning have covered various aspects but there are still
considerably under-researched areas such as MLCMS. For example, the description
of e-learning evolution by [31] does not include MLCMS. Figure 1, based on the
Solemon & Sulaiman model [2006], is used to show/add yet another stage in e-
learning evolution (stage 5).

According to Wagner (2005), the success of mobile learning will, among many
other factors, ultimately depend on content management. While CMS technology has
been applied in building various learning platforms, so far these platforms provide
fewer services to mobile users compared to desktop users. Examples of such learning
platforms include Drupal, Moodle, Blackboard, and more.

To make advancements in this regard, research has been done on numerous aspects
of e- and m-learning using CMS, for example infrastructure, user access and interac-
tion [38], learners’ engagement [29], quality service delivery and better communica-
tion and collaboration [17, 22], and evaluation tools and methods [10].
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STAGE V
STAGE IV Mobile
c Learning
Learning
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learnin MLCMS
O sracen platforffls (LCMS) ( )
Learning
Management
Y Systems
STAGEI (LMS)
Generic
Content
Libraries

Fig. 1. E-learning Systems Evolution extended based on a model in [37]

Still, less research is done on MLCMS use in learning, more specifically mobile
phone use by CMS users. Trifonova and Ronchetti [38] claim this could be because
m-learning is a new field. Other studies highlight the challenges of phone use and the
obstacle these provide for users. The present research therefore reviews such contem-
porary discussions on m-learning and CMS technology with the objective of identify-
ing future research direction on how CMS technology can be leveraged for
m-learning.

3 Method

This study used the concept matrix method [14, 15, 18, 27, 39]. The matrix helped in
identifying the most discussed concepts and made it possible to synthesize literature
by categorizing research papers based on concept centricity. Snowballing i.e., further
inspection of literature from the bibliographies of reviewed papers was used to ac-
quire more related literature.

There are many suggestions from different researchers on how to apply the concept
matrix method. For the purpose of making this review rigorous, we modified Webster
and Watson’s model [39] to incorporate other researcher’s review indicators. For
example in Table 2, empirical and non-empirical classifications [2] are added and
Table 3 is a merger of views from [15] and [39]. Non-empirical articles are articles
that focus on objects such as systems types, products and installations while empirical
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articles are articles that focus on events and processes such as laboratory experiments,
field experiments, field studies, case studies and surveys [15].

Research papers were searched and selected from online journals based on key-
words. The keywords, used in combination, were: mobile learning, electronic learn-
ing, virtual learning environment (VLE), learning content management systems
(LCMS) mobile learning content management systems (MLCMS), learning manage-
ment systems (LMS) and content management systems (CMS). The papers retrieved
(n=87) were reviewed to identify if they contain more than three of the used keywords
so as to make sure there was a real discussion in the paper, not just the peripheral
reference to a keyword. Forty-four papers passed this test, four of which were found
using the snowball method, making the total number 44. The content of the papers
was then analyzed and grouped in five themes as shown in Table 2. These themes
were identified based on the similarity in discussions of the concepts in the selected
papers.

4 Findings

The results show that researchers discuss numerous aspects of learning using
e-learning systems. We grouped these into five concepts according to their interrela-
tions, research methods used, for example empirical or non-empirical methods, and
their classifications based on intended audience (unit of analysis).

The unit of analysis indicates that researchers mostly address individual issues that
affect individual learners, followed by groups, and organizations last. However, some
researchers address all units in general. Most research methods used are empirical.
The articles were searched using specific keywords and tagged by publication type
source and content themes. The individual publication sources containing the highest
number of relevant articles were Journal of computers and education (n=4) followed
by European Journal of Open, Distance and E-Learning (2 articles) and journal of
Educational Technology & Society (2 articles). The rest of the sources had one article
each. In the articles, mobile learning was the most used keyword followed by elec-
tronic learning, LMS, CMS, LCMS and lastly MLCMS. The keyword MLCMS
yielded much fewer research papers compared to the other keywords, which may not
be surprising considering that the “M” makes it a subtype of system adding features to
a basic set present also in the other types of system. The number of retrieved papers
based on keywords above is shown in Tables 2 and 3.

Table 2 shows the number of papers in which different concepts appear. As can be
seen, “use, access, design and infrastructure” is the most common theme. Papers are
categorized according to the main theme; some papers also discuss some of the other
themes. A majority of the papers use empirical methods. On the other hand, Table 3
shows the papers according to publication outlets and year of publication.
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Table 2. Total number of papers according to concept and method

# Concepts No. of Papers Papers Papers
papers that use that use that fall
address- empiri- non- in dif-
ing 1 or cal me- empiri- ferent
more thods cal me- con-
concepts thods cepts

1 Use, access/ 14 14 10 7

design and
infrastructure
2 Communica- 6 5 3 3
tion and col-
laboration

3 Engagement 8 6 7 5
& knowledge
development

4 Content and 4 2 2 2
service deli-
very

5 Implementa- 7 12 3 3

tion expe-
riences &
Evaluation

Table 3. Number of papers per publication category and year

Years
Publica- Total
tionCat- - o 9 ©o ~ © W ¢+ o o by
- — ~— o o o o o o o o
egory " " " - " " " " " " - cate-
gory
Journal 1 5 4 3 4 6 1 2 26
Articles
Conference 2 3 1 1 2 2 1 1 1 14
papers
Others, e.g. 1 1 2 4
reports
Total by 1 7 7 5 4 7 3 3 5 1 1 44

year
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Table 3 shows that most of the retrieved papers were journal papers (26). Most ar-
ticles are published in the years from 2007 onwards.

5 Discussion

Below we present and discuss the contents of the categories introduced above, i.e.
Use, access/ design and infrastructure; communication and collaboration; engage-
ment, personalized learning and knowledge development; content and service deli-
very; and implementation experiences and evaluation.

5.1  Use, Access/ Design and Infrastructure

Use, access, design and infrastructure of learning systems are the most discussed as-
pects in CMS literature. Design approaches can generally take two strands, user or
technology centered. LCMS “provides trainers and subject matter experts with an
intuitive method to create, review, analyze, and reuse learning content” [12], which is
a complex process that requires a user’s goals centered approach. When a system is
not centered on users’ need, technical aspects such as “version control” and “data
management” affect the intended use. As a result two problems are common mainly
in LCMS, i.e., interface designs focused on data structures rather than user goals, and
absence of learning focus due to focus on data management. The next generation
LMS designs however are user-centered [12].

From a pedagogical point of view Jesshope and Zhang [13] note that content
creation and delivery are considered to be two key factors in e-learning systems spe-
cifically in web based learning systems. They show that e-learning system main com-
ponents are infrastructure (software that allows learning to be created, managed,
delivered and measured), services (which involve the planning, customization, inte-
gration and management of the e-learning application) and content (information
shared or about users). Content is the core of LMS, LCMS, and other systems based
on CMS technology.

The general requirements for an e-learning system therefore include accessibility
(access to knowledge anytime and anywhere, flexibility (a flexible learning environ-
ment), extensibility and interoperability (an interoperable system that allows integra-
tion of system components easily and allows data to be shared across other platforms,
reusability (ability to reuse content by creators or users), scalability (ability to provide
access to many users large volumes of content repositories), security (ability to pro-
tect data and information) and be standards compliant [13]. The most adopted frame-
work for learning platforms is SCORM (Sharable Content Object Reference Model).
SCORM is a set of standards proposed by ADL (Advanced Distributed Learning) for
development of online teaching and web-based learning platforms [5]. Adoption of
this framework can be a solution to issues raised above.

In [25], it is indicated that students who enjoy using many of the course manage-
ment tools do not consider the tools to be effective at enhancing the learning expe-
rience. Ibid considers this to be an adoption problem as borrowed from Celsi &
Wolfinbarger’s framework [3], that, three stages have to be undergone for students to
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be satisfied; (1) merely support functions, (2) replication of traditional teaching me-
thods, (3) developing innovative learning situations and make learning more active,
engaging, and ultimately better for students. In this paper, we link this argument to the
usability and design aspects highlighted by Guralnick [12] although use of CMS
should reflect Celsi & Wolfinbarger’s framework most especially the third stage of
the framework which is crucial to learners.

There are other issues researchers are concerned about regarding use and access ra-
ther than those highlighted above. Westera [40], Chu, Lin and Lin [5] discuss contextual
learning and context sensitivity of content representation. Contextual learning can be
defined as learning that is influenced by the operational settings (learning environment
and its agents) of a learner. Modern digital media technologies induce the learning con-
text and some of the factors that affect an individual’s learning context are human cul-
ture and knowledge domain [4]. Design of learning systems should consider such fac-
tors. The fact that learning platforms are mainly for desktop computer environments
rather than mobile devices, context sensitivity is also required to enable systems to sense
and analyze context from various device sources during access [5]. Intersections of
context, technology and learners should therefore be prioritized [17].

5.2 Communication and Collaboration

E-learning systems such as learning management systems are believed to provide
greater support to tutors and students in areas of collaboration and communication
[1, 28, 33] Collaboration tools such as online forums and discussion boards are inva-
luable resources in learning management systems because they enable learners to
communicate with their fellow students as well as teachers hence acting as empo-
werment tools that allow socialization and group learning and teaching [28]. Alvarez,
Alarcon and Nussabaum [1] holds that, collaborative activities can only lead to posi-
tive learning outcomes to the extent learners engage in productive interactions such as
explanation and argumentation. Learning platforms are therefore said to be of great
use in engineering collaborative activities.

Based on observations such as the above, many researchers emphasize collabora-
tion and communication as crucial aspects in learning platforms and that they should
be harnessed; with development of new technologies like virtual reality [28], use of
various access tools [11] and development of synchronous collaborative models that
accommodate both technical and pedagogical aspects [33]. Some communication and
collaboration systems such as Skype and Adobe Connect, as well as technically more
advanced virtual reality systems enable students to visually be aware of each other,
get in contact in real-time, and gain a sense of presence while in remote physical
locations. This, according to Monahan, McArdle and Bertolotto [28] facilitates simul-
taneous access to learning materials and has been used extensively in simulations and
visualization of data.

Worth to mention regarding collaboration and communication in learning plat-
forms is that learners can develop culturally meaningful interactions through asyn-
chronous online communications [30]. Learners effectively encounter and explore
different learning opportunities through virtual interactions and communications.
This promotes cultural tolerance especially in distance learning and also provides
opportunities to learn various social skills.
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5.3 Engagement, Personalized Learning and Knowledge Development

Many researchers criticize conventional classroom teaching and learning approaches
for being limited in terms of providing personalized learning content that would meet
the individual needs of a learner. However, that criticism falls back on technology as
well. Even though an opportunity for learning content management systems is to pro-
vide personalized learning environments [24], many e-learning platforms are not stu-
dent/user driven but deliver the same content for all the students.

Mbendera [24] suggest three perspectives of learning; associative (learning by or
through association), cognitive (learning by exploring the world around, receiving
feedback and making reflection on actions) and situative (learning by belonging to a
particular community with own social and cultural identity). Like blended learning,
mobile learning encompasses the aforementioned learning perspectives [24]. Howev-
er, learners must be involved in designing learning platforms to make them student-
driven. Non-student driven platforms in terms of personalization and engagement can
affect design inclusions for such perspectives. On the other hand, learning object
standards serve to account for such perspectives and to enforce requirements like
simplicity and flexibility, as the two factors are crucial for facilitating use [24].

Kukulska-Hulme notes that many emerging contemporary activities consolidate
engagement and personalized learning and knowledge development [16]. These in-
clude: (1) social interaction tools for example Facebook and Twitter, (2) mobile
phone internet access, (3) multimedia use such as use of audio books and podcasts,
(4) location tracking for example use of GPS to locate places and services, etc. While
these developments are not very common in learning platforms, they promote a mo-
bile learning culture and allow learners to view themselves as innovators, creators and
producers.

High levels of engagement and personalized learning have a positive effect on
knowledge development. Macdonald and Chiu [22] show that regular users of mobile
phones find “mobile learning materials to be user-friendly, offering increased conven-
ience and flexibility”. Learners become flexible in learning processes and acquire
knowledge at a pace suiting themselves, which makes the process enjoyable. Given
the content and collaboration management tools in learning platforms, the engage-
ment of students during learning would be strengthened.

5.4  Content and Service Delivery

Research on most e-learning systems that use CMS technology indicates that there
has been tremendous improvement in content management by some of learning man-
agement systems [8, 22]. Learners can manage and access multimedia content using
various tools for example desktop and smart phones. Podcasting which involves pub-
lishing of audio media files has for example been one successful way of delivering
content in learning management systems [22].

In the health industry, handheld computers have become standard equipment for
medical students and clinicians to get a handle on the increasingly complex and large
amount of information and text messages can be sent through SMS, audio, video and
images through Multimedia Messaging Service (MMS) [8]. According to Franziska,
Emil, Roland, Guo and Schwaninger [9], e-learning systems are a strong management
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instrument since they can be used to monitor and manage learners and that, they have
a very critical advantage compared to traditional classroom, i.e. ability for learners to
take the assessments, repeat them if they fail and get instant feedback at anytime from
anywhere.

Although e-learning platforms offer numerous opportunities to deal with data and
improve service quality for example managing schedules, students’ assessment, tran-
script and scores display, course evaluations, grading of coursework and collaborative
training (Ibid), mobile learning is still hindered by factors such as usability and content
navigation due to the nature (size) of mobile devices like phones, costs associated with
data access and unsupported file formats for documents [22, 32]. The fact that there are
endeavors to overcome such challenges, Ibid notes that, currently m-learning would be
”a means of providing an optional delivery mechanism for course content” [22].

5.5 Implementation and Evaluation

Implementation experiences and evaluation are among the most researched areas of e-
learning platforms. Many studies evaluate and compare different learning manage-
ment systems and tools ([10, 31] while others seek to develop and implement new
platforms and models [13, 29] and others try to develop evaluation tools [10]. Most
studies on implementation focus on identifying challenges and assessing the impact of
the systems on learning. This common focus directed towards better ways of know-
ledge building is urged for in [26]: “content management systems should solve the
problem of turning content into information and information into knowledge” (p. ii).
Michelinakis [26] continues to state that the most important characteristic of content
is the human aspect i.e., issues to do with access and usability. Thus, these should be
key indicators in evaluations.

Most of the implementation experiences highlight some major services that mobile
e-learning platforms share as listed in [32] i.e., content management, all-the time
access and ease in communication. There has not been an evaluation framework for
mobile e-learning platforms that facilitate such services [10]. Georgieva [10] therefore
proposes criteria for m-learning systems evaluation that include: type of supported
mobile devices, type of supported m-learning modes (on-line or off-line), type of
information supported by the system (educational or administrative, in multimedia
form or other forms), supported LMS, supported e-Learning standards, supported
programming, and content adaptation technology used.

6 Conclusions

This paper summarizes discussions on a number of aspects addressed in literature on
CMS technology in a context of learning and education. Most of the issues addressed
focus on learning management systems in general rather than mobile learning man-
agement systems or mobile learning content management systems in particular. How-
ever, theoretical and practical strategies that prevail in MLCMS implementation are
not completely different from those of other CMS e-learning platforms, but rather
extend them. Mobile technology adoption affects the processes of learning positively
by complementing e-learning. In summary, our investigations yielded the following
response to our research questions (RQs).
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RQ 1. What are the key focus areas in M(LCMS) research and practice?
We found five themes in the literature;

. Use, access, design, and infrastructure

. Communication and collaboration

. Engagement and knowledge development

. Content and service delivery

. Implementation experiences and evaluation

N AW~

While the first theme was the most frequently discussed one, there is clearly reason
to believe that others pertaining to communication, collaboration, knowledge and
engagement are also very important and likely to become more common in the future.
One reason is that, so far, research does neither clearly nor thoroughly address the
intersection between learning and technology. Technological issues and issues of
learning and knowledge are rather treated separately. Broadly speaking, technical
issues dominate, with issues of use — e.g. usability, access etc. — come second. Social
issues, such as adjusting technologies to learning contexts and environments are very
rare.

Massive mobile phone adoption creates more demand for mobile, flexible and ubi-
quitous systems and affects the process of MLCMS implementation by unveiling the
need to provide education services using such systems. However, m-learning is re-
garded as a part of an e-learning infrastructure. All learning tasks must not necessarily
be done with a MLCMS or a mobile device such as a phone. Achieving system inte-
roperability therefore is one infrastructural strategy used to eliminate MLCMS as
discrete educational service delivery channel to make it part of the general e-learning
systems environment.

Another strategy is responsive web design. This strategy intends to meet the needs
more than the wants of users and enforces web standards including mobile web. With
the introduction of Web 2.0, responsive web design is more focused on designing for
social reality and individual actions of users. Adhering to standards helps solve secu-
rity and technical problems such as display and content incompatibilities.

In relation to responsive design, effective and efficient usable applications are de-
veloped that can minimize cost in terms of access simplicity and connectivity. Appli-
cations that require installations on the phone consume memory and power, which
may cause inefficiencies. Such shortcomings are overcome by accessing the web
directly rather than through installing mobile applications. MLCMS templates and
themes should be designed to meet the phone requirements and where required, de-
vice detection techniques need to be used to detect devices and redirect content accor-
dingly.

RQ 2. What are the key future research directions in the MLCMS field, and what
gaps are there?

There is no indication that the above-mentioned five themes will become obsolete,
rather to the contrary. Mobile devices and network infrastructures have limitations
which need to be overcome, and they are developing with regards to technical issues.
Regarding use in learning contexts, the lack of integration between learning issues
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and processes and technical ones is apparent. Use of mobile technologies is already
widespread in many daily activities of a majority of the world’s population, but not
yet so in learning processes. In the literature we found some examples of views on
learning but the overall focus is more on technology and use. There is hence a need to
find ways of incorporating established or emerging popular ways of using technology
into the field of organized learning.

We suggest undertaking further experimental studies on assessing how mobile
learning content management systems use can contribute positively towards learning
outcomes. User needs and experiences should be investigated so as to understand the
effects in areas of content management, collaboration, and communication. As mobile
content access problems are evident, instructional design for mobiles is another area
of concern.
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Abstract. When considering the freedom of communication in terms of time
and space that mobile technology provides, educators need to understand how
this ever present communications platform can be exploited to enhance colla-
borative learning. This research is designed to explore the areas of collaborative
learning and the use of mobile phones as a support for collaborative learning
through a year-long exploratory multiple case study approach integrating both
qualitative and quantitative data analysis. Qualitative exploratory interviews
are combined with Multidimensional Scaling Analysis to provide a detailed im-
age of students’ mobile use during collaborative activities. The results are trian-
gulated across data sources, and key issues are interpreted and discussed.

Keywords: m-learning, space, MDS, collaborative, case study, EFL, Japan.

1 Introduction

This study will add to the understanding of how mobile phones impact on
collaborative learning activities. As instructors determine the most-effective ways to
encourage collaborative learning, it is important to consider the context of the
students and the tools that are familiar to them. The affordances offered by mobile
phones for learning such as anywhere, anytime communication and data gathering
contribute to these considerations. The research question is “Does the intervention
affect the relationship between students, their mobile phones and their homework?”
This study is set at a university in Tokyo, Japan and the research students are native
Japanese speaking members of four translation classes who have studied English as a
foreign language (EFL) for eight years.

Modern telecommunications is increasingly leading to a description of time as
being compressed (Harvey, 1999), global (Adam, 2013), and instantaneous (Urry,
2002). Time is seen less as continuously linear and more as a multitude of individual
moments (Adam, 2013) such as home, school, and work. This view could mean very
different patterns of interacting between students when collaboration through a
mobile phone. The mobile phone supports this idea of time because it allows
communication during previously unproductive periods of time (BenMoussa, 2003;
Perry, O'hara, Sellen, Brown, & Harper, 2001) such as when traveling so
possibly increasing the number of activities (Johnsen, 2001) like finishing homework
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(Virvou & Alepis, 2005). Likewise space is less about localized presence as mobile
technology separates space from place (Giddens, 1990). This mobility replaces the
impression of being at a place for communication with a telephone, to belonging to a
network of communication (Geser, 2004). This network membership means that the
importance of traditional boundaries in physical space is changing.

Mobile phones have created “simultaneity of place” (Traxler, 2009) a kind of
bridging of physical space, such as home, school, and work, through the creation of a
mobile social space by filling the space in between(Bull, 2005). Mobile technologies
transport communities and discussions into physical public and private spaces forcing
people to adjust their behavior to manage a more fluid environment (Traxler, 2009).
Private is no longer just what happens when physically alone (Cooper, 2002). A
student on a crowded train may have a private moment enjoying a favorite movie or
silently texting a close friend. The advance of mobile communications has brought
with it a blurring of public and private boundaries; however, it is still unclear what the
impact of such fundamental changes will have on collaborative learning and learning
in general.

2 Methodology

Qualitative research through an exploratory multiple case study approach was adopted
for a period of one academic year. The purpose was to gain a deeper understanding of
the processes and outcomes of the completion of collaborative learning activities
through mobile devices by Japanese university students. In this study, the units of
analysis were four groups of students, and the context was their participation in
mobile collaborative activities within an English as a Foreign Language (EFL) course
on the topic of translation. The students were all aged between 18 and 20 years of age,
and were all living in Japan. Four groups of between five to eight participants were
selected from second-year undergraduate students on a voluntary basis. A gender
balance of males and females was attempted but was not possible due to the high
percentage of female students in the school. Group one included 5 girls and 2 boys,
group 2 contained 8 girls, group 3 contained 6 girls and group 4 contained 6 girls. An
ethical consent letter, containing terms and conditions for participating in this project,
was given to the participants.

The intervention used in this study was in the form of small group collaborative
learning activities presented as weekly modules that were accessible on a private class
website by either mobile phone or computer. These activities consisted of homework
questions related to translation issues that are relevant when moving between the
Japanese and English languages. Prior to each of these activities, the particular topic
of the activity was discussed in the classroom and included theoretical concepts,
terminology, and practical examples. The homework activities were all collaborative
in the sense that they required the individual members of each group to find and
upload their answers to the class website, to comment on other answers, and then to
decide upon a best-single answer from their group answers. The members of each
group communicated as a whole by uploading a text message with or without some
other media such as photographs to the website forum.
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2.1  Data Collection Analysis

A list of usage patterns emerges from each of the student interviews which then
inform the production of probing and follow-up questions. The interviews were 30
minutes long and face-to-face involving one interviewer and one subject at a time.
The coding for this research was done in NVIVO, and a form of thematic analysis and
coding (Ezzy, 2002) was used. Thematic analysis refers to the identification of themes
or concepts that are in the data, the building of a systematic account of what has been
observed, and the emergence of a theory through the coding process.

In addition to the interviews, at the beginning and the end of the data collection
period the participants were given an on-line word association questionnaire to
complete and the results were analyzed using a Multidimensional Scaling (MDS)
technique. MDS is a method for capturing efficient information from observed
dissimilarity data by representing the data structure in lower dimensional spatial
space. The purpose was to gain a picture of the participants’ relationship to school,
homework, and the mobile phone. It is hoped that by analyzing these word association
questionnaires the researcher would be able to see any shift in the changing relational
position of the words.

The data is numerical and in the form of symmetric similarity data consisting of
student perceptions of the similarity among the following 25 English words: After-
noon, Alone, Computer, Dictionary, Discussions, Education, English, Evening,
Groups, Home, Homework, Listening, Mobile-Phone, Morning, Night, Outside, Pic-
ture, Reading, School, Speaking, Text, Traveling, Video, Voice, Writing.

The word associations formed a 25 x 25 matrix of all possible word pairs. The stu-
dents were asked to enter a value from O to 5 in the box at the intersection between
each set of words that represented their perception of the strength of the relationship
between the words. The participants were given the following number to meaning
relationships as a reference: 0 = NO relationship, 1 = very distant relationship,
2 = distant relationship, 3 = close relationship, 4 = very close relationship, 5 = ex-
tremely close relationship.

After the participants completed the data entry form the total marks for each word
intersection over all of the participants were added. So each number represents the
total of all values given by the students for each row word and column word pair. A
higher number indicates a greater number of participants perceived a stronger
similarity between the word pairs. This type of data is known as proximity data which
consists of measures of similarity or dissimilarity between objects of interest (Everitt
& Rabe-Hesketh, 1997). In this case the objects of interest are the row words and the
column words. The output from MDS is in the form of a plot of all the objects
(words), and the distance between them shows the value of dissimilarity. In other
words, the closer the words appear in the plot, the higher the perceived similarity.

3 Results

MDS analysis data from the first questionnaire results of semester one in April and the
second questionnaire results of semester two in January are shown as a plot in Fig. 1.
Since this result was a comparison of two results, one from semester one and the
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second from semester two, data from only those participants who completed both
questionnaires could be used in the final analysis. So there were a total of 22 out of a
possible 28 response sets that were used for the MDS analysis comparing semester
one and two. The arrows were added to Fig. 1 to clarify the movement of the words
from semester one to semester two. Most of the points seem to be moving towards the
center. The largest changes were seen in the words “alone” (2), “homework” (11),
“mobile phone” (13), “outside” (16), “text message” (21), and “writing” (25). After
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reviewing the placement of the words a possible description of the two dimensions
became noticeable. At the bottom of the plot, the word “groups” (9) appears and at the
very top is “alone” (2), so the vertical dimension was interpreted as representing the
change from words related to a group of people to words related to being alone. On
the far left side the words “evening” (8), “morning” (14), and “night” (15) appear
which are times that are often spent at home in private. While at the far right side
appear “education (6), English (7), “groups” (7), and “school” (19). Since the partici-
pants are all students attending school to study English, this all relates to very public
activity. Because of these placements the horizontal dimension was interpreted as
representing the movement from private life to public life. Following this interpreta-
tion, the lower right corner cluster including “outside (16), “traveling (22), and “vid-
eo0” (23) which are all things a person can do privately while surrounded by a group of
people. The cluster at the right middle made up of “afternoon” (1), “evening” (8),
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“mobile phone” (13), “morning” (14), “night” (15), and “picture” (17) could be seen
as private times and places when you are surrounded by one or two people. An exam-
ple might be at home in the morning eating breakfast with their parents. This inter-
pretation is supported by the proximity of this cluster to the word “home” (10). The
cluster at the bottom right includes “discussion” (5), “groups” (9), “listening” (12),
“speaking” (20), and “voice”. These are all related to things a person would do in
public with several people. An example might be English language students in a
classroom working on an assignment. This interpretation is supported by the proximi-
ty of the small cluster made up of the words “education” (6), “English” (7), and
“school” (19). Finally, in the top right corner appears “computer” (3), “dictionary”
(4), “homework”™ (11), “reading” (18), “text message” (21), and “writing” (25). These
were interpreted as words relating to things done alone that are related to their public
life. An example is a student at home alone in their room using a dictionary to write
the answers to a homework assignment for school.

As mentioned above, the participants were also asked to participate in two
interviews. The first was at the beginning of the Japanese school year in April
followed by a second at the end of the same school year in January. At the end of the
year, group one had completed 12 individual interviews; group two had completed 15,
group three had completed 10, and group four had completed 11. Altogether, this
made a total of 48 individual interviews that averaged 30 minutes in length for a total
of 1440 minutes. These interviews were transcribed and then coded.

4 Discussion

The coded themes suggested the collaborative intervention did affect the relationship
between the students, the mobile phone, and the homework. The themes were
examined further in light of the MDS analysis and the intervention did appear to have
affected the relationship between the students, the mobile phone, and the homework
in several ways. These include a) time of collaboration, b) space in which
collaboration takes place, and c) method by which collaboration takes place.

Time

The mobile phone encroached on private time that would otherwise not have been
used for homework collaboration. These times included that spent commuting,
doing daily activities, and socializing. The mobile phone made it possible for the
students to continue the homework activities while commuting to and from school,
thereby increasing the available time for the activities. While traveling in trains or
walking in the street, the students used the mobile phone to do the homework collabo-
ration and data collection activities. Before this research, the students reported using
their train time to sleep or to do some form of entertainment on their mobile phones.
There was a very positive response to the opening up of this previously free time to
homework activities. They could now use this time to read and reply to their group
members. The students also reported that they began recording homework examples
with their mobile phones as they walked around the city. The mobile phones’ constant
presence allowed the students to continue the homework during shopping trips or in
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restaurants. Since there were many group comments during the day, this mobile
access allowed them to keep on top of the group activity.

The students started doing the homework while they were with their friends at
lunch or socializing out at night. Many of the students began checking the website
during lunch time with their school friends. Some students also began to check the
homework site while out at night with their friends. This activity was reportedly quite
common when the homework deadline was approaching. However, one student
eventually decided to stop using a mobile phone for homework during lunch time
because she decided just to spend that time with her friends.

The mobile phone has changed the students’ use of time so that now they do not
have as great a need to coordinate exact times for communication. Instead, they can
use brief moments that are only approximately aligned with their group members’
schedules (Ling, 2004; Plant, 2002; Sgrensen, Mathiassen, & Kakihara, 2002). The
students created moments of temporarily stable contexts while commuting and
walking around by searching for and collecting examples. This activity allowed them
to enable meaning-making within the flow of everyday activity (Kukulska-Hulme,
Sharples, Milrad, Arnedillo-Sanchez, & Vavoula, 2011).

Space

The students began bringing the homework into places in which they had either rarely
or never done this type of collaborative homework. This change in the spaces in
which collaboration took place was observable in a variety of forms and included
mobile as a private device, home as a place for homework, and work as a place for
homework.

A mobile phone is considered a private and very personal device to the students.
All of the students in this research received their first mobile phone from their parents
when they were around ten years old so that they could keep in contact with their
family. The personal nature of the mobile phone in the lives of the participants can be
seen in Fig. 1. In semester one, the mobile-phone (13) is positioned on the “private”
side of the horizontal dimension and between “alone” and “group” on the vertical
dimension. In addition, mobile phone (13) is next to the four times of the day,
morning (14), afternoon (1), evening (8), and night (15) which suggest it is with them
throughout the day. Another commonly reported reason is for entertainment while
traveling. The mobile phone seems to allow them to create a private space even when
in a crowded train. In this private space, they can comfortably interact with the
homework website, check social network sites, play games, or view videos.

Through the mobile phone, homework has gained a stronger foothold in the home.
The speed and ease of using a mobile phone were attractive to many students because
it allowed them to check the homework without the need to sit at their desk with a
computer. In the morning while preparing for school, they would check the website
for updates to see if anyone had commented on his or her posts. For some students,
the mobile phone was the first thing they reached for after waking up. The device
stayed with them as they moved around from the bedroom to the kitchen table and out
the door to the train station. At all of these times, the students regularly checked the
homework website. Then, after returning home, they would commonly reply to their
group while lying in bed before going to sleep, even when a computer is available.
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In Fig. 1 there are some indications of this in the movement of home (10) towards
public on the horizontal dimension and homework (11) moving towards group on the
vertical dimension. This mobility afforded by the mobile phone allowed the
homework to move into these small but very personal spaces in the students’ homes.

The mobile phone allowed the collaboration to continue into the workplace of the
students. Many of the students have part-time jobs which take up a significant amount
of their out of school time, often running late into the night. The mobile phone access
allows them, for the first time, to immediately connect with their group’s webpage
and contribute to the discussion, even during a short 15 minute break. The word
“work” was not included in the MDS word list, but night (15), when most students
worked, did shift towards the public end of the horizontal dimension reducing the
distance with homework (11). Without this mobile access option, there would be less
time available to the students for homework.

The mobile phone allows the students to separate the idea of learning space from
physical space so that it is less about being at a place and more about belonging to a
network of learning (Geser, 2004; Giddens, 1990). The mobile phone has blurred the
traditionally clear boundaries between school, work and home allowing one to invade
another as observed with at home company workers (Schwarz, Nardi, & Whittaker,
2000). Now, even when physically alone at home the students can enter into a virtual
public space discussion with their group members (Cooper, 2002; Sheller, 2004). This
access allows the learning to be situated in the everyday environment where the
students will most likely be using their translation skills (Lave & Wenger, 1991).

Method

The role of the mobile phone as an essential communication tool and its ability to switch
effortlessly between the private websites and the public homework website places the
device as a bridge between public and private life. These changes in the communication
method used for collaboration were observable in a variety of forms and included feel-
ings towards mobile device, non-friends, private websites, and language.

The mobile phone has drawn homework into a more central relationship with many
aspects of the students’ personal lives. In Fig. 1, homework (11) and mobile phone
(13) have both moved towards the center of the plot. The close personal connection
that the students have with their mobile phones affects the feelings that they have
towards the homework. When using their mobile phone in place of a computer, they
reported feeling a greater sense of familiarity with the homework, which they felt
brought them closer to the topic under discussion. In addition, they reported a
reduction in their nervous feelings that were associated with homework done through
other non-mobile methods.

The mobile phone affords the ability to switch quickly and easily between mobile
applications whether they are for entertainment or homework. This ability creates a
greater sense of closeness between these two separate aspects of their lives — the
private entertainment and the public homework- so that they all seem to be in the
same space or shared presence on a network. In the interviews, some participants
reported that this feeling of shared presence of entertainment and homework reduces
both the perceived distance and the physical effort required to switch between them,
so reducing the motivational barrier needed to start a homework session.
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The boundary between friends and others is blurred by the mobile phone so
possibly increasing the development of close relationships. The mobile phone use for
homework allowed the students to communicate more with their group members
because the phone is always present and reduces the need to meet face-to-face. While
the students were happy to discuss the topic face-to-face with friends, they did not
like the idea of meeting face-to-face with group members that they did not already
know. They mentioned that they would not talk with them at all if the homework were
just face-to-face. However, the same students felt that the mobile phone offered a
comfortable way to communicate with those students that they would otherwise not
speak with, resulting in an increased chance of getting to know them better.

Mobile social network sites that the students previously used only for very private
friends began to be used as another channel for communication. Mobile social network
sites, such as Twitter and Mixi, were clearly identified by the students as something
they would not like to use for homework. Some students strongly expressed a need to
keep some part of their lives private from school so that they would have a way to
relax. The social network sites were identified by many students as that private place in
which homework is not allowed. However, this attitude changed over the year as the
students started to incorporate their mobile social networks into the collaboration
process. They used these systems as secondary notification channels by which their
friends in the group could request an immediate and private comment on their posted
homework message. These requests were seen by friends who were not in their group
or even in their school so they were able to get feedback and advice. In addition, the
students used the mobile social networks as a way to overcome the limitations of the
homework site. Some students started to use their social networks because they found
the interface to be much simpler than that of the homework website.

The students clearly placed their first language (Japanese), into their private world
of communication while their second language (English), was used for public
communications. When communicating face-to-face, texting, or on their mobile social
network sites, the language of communication was usually Japanese. Alternatively,
the homework website, which can be seen by everyone including the course
instructor, is an all English language environment. They are allowed short Japanese
examples of a few words when explaining a translation, but otherwise everything
must be in English. This public forum for their language was difficult for those
students who lacked confidence in their English ability. Students used their private
mobile communication channels to check their ideas with friends and others with
whom they felt more comfortable in order to reduce the chances of potentially
embarrassing public mistakes. The students began to fit the mobile learning activities
on their mobile phone into their already existing preferred practices(Waycott, 2004).
They accessed the homework website while they were playing a game or reading their
social network site, switching rapidly between entertainment and education as a way
of relieving the boredom of the commute (Lasen, 2002).

The mobile phone allows students to participate in two different interactions at the
same time (Rettie, 2005). The students would often enter their private social network
sites to share thoughts on the homework in Japanese because it allowed them an
alternative channel of communication (Gikas & Grant, 2013). These private websites
would allow a deeper level of communication because they were using their first
language, and it was not being monitored by the instructor (Gikas & Grant, 2013).
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5 Conclusion

The collaborative intervention did affect the relationship between the students, the
mobile phone, and the homework, including time, space and method of collaboration.
The ability to immediately switch with ease between private mobile activities and
more public homework activities created a type of shared space or network where
students who would not normally communicate face-to-face found themselves sharing
this space so increasing the number of people with whom they could collaborate.
Commonly used mobile SNS were drawn into the collaboration acting as a separate
channel to communicate in their private language of Japanese which reduced their
motivational barriers. This behavior has clear implications for curriculum design such
as language learning where students are hesitate to show mistakes.

Mobile phone use for collaboration seems to change the nature of the homework
from a very public activity to a more private one by bringing the homework into areas
of their lives not possible with traditional technology. The practical implication of this
is an improved sense of community (Lave & Wenger, 1991). In addition, when pre-
existing negative feelings are present in students the use of the mobile phone appears
to erode these as the homework becomes more embedded in the private activities of
the students such as mixing education and entertainment activities. This effect is an
opportunity for curriculum designers to incorporate what is meaningful to the students
into the course material.

The student participants often seemed to blur the lines between the use of the social
networking tools and the mobile device, making little distinctions among mobile ser-
vices, such as homework website, and social media. One implication of this is that the
mobile phones may provide a way for instructors to strengthen the network of learn-
ing formed by collaboration by allowing students to continue the discussion as they
move through physical locations(Sharples, Taylor, & Vavoula, 2005). In addition,
instructors could consider incorporating mobile web services already used by the
students to leverage the advanced technology and popularity of the sites to further
increase motivation and communication.
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Abstract. Driven by the demand for evidence of development effectiveness, the
field of mobile learning for development (ML4D) has recently begun to adopt
rigorous evaluation methods. Using the findings of an ongoing systematic
review of MLAD interventions, this paper critically assesses the value
proposition of rigorous impact evaluations in ML4D. While a drive towards
more reliable evidence of mobile learning’s effectiveness as a development
intervention is welcome, the maturity of the field, which continues to be
characterised by pilot programmes rather than well-established and self-
sustaining interventions, questions the utility of rigorous evaluation designs.
The experiences of conducting rigorous evaluations of ML4D interventions
have been mixed, and the paper concludes that in many cases the absence of an
explicit programme theory negates the effectiveness of carefully designed
impact evaluations. Mixed-methods evaluations are presented as a more
relevant evaluation approach in the context of ML4D.

Keywords: mobile learning, development effectiveness, ML4D, developing-
country education, impact evaluation.

1 Introduction

Mobile devices, cell phones in particular, are becoming a ubiquitous feature in
developing countries. Driven by poor peoples’ endogenous uptake, mobile
technologies provide an effective platform to deliver development interventions. This
assumption is reflected in the success of mobile applications in diverse settings such
as finance, health, and agriculture [1] and has, under the umbrella term ‘mobile
learning for development’, inspired the usage of mobile technologies as a tool to
support developing-country education [2,3].
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MLAD encompasses the process of teaching and learning with mobile technologies
in a developing-country context, building on the unique features and applications of
mobile devices [4] to provide marginalised learners and teachers with an educational
tool that can effectively address some of the specific educational challenges faced by
developing countries. This process of learning and teaching with mobile devices can
assume diverse forms and is not restricted to formal education. ML4D programmes
for example have been implemented in the fields of health care, agriculture, and
financial literacy. In the light of the often compromised formal education
opportunities in developing countries [5], mobile learning has been framed as being
able to extend access to, as well as improve quality of, education. The importance of
context to mobile learning [6] further presents a mechanism to increase ownership
and relevance of the learning process - a feature of particular significance in resource-
poor education systems.

This paper reports findings of an ongoing systematic review of MLAD
interventions. It aims to reflect on the experiences of applying rigorous evaluation
designs, such as randomised control trials (RCTs), to assess the effectiveness of
MLAD interventions. The paper investigates whether the observed trend towards more
rigorous, large-scale field experiments has been a beneficial contribution to the
practise and design of ML4D. The paper is structured as follows: an introduction to
measuring impact in MLAD is presented before assessing the impact evaluation
landscape in the domain based on the systematic review findings. The adequate
timing of impact evaluations in relation to the maturity of MLA4D is discussed with the
aim of encouraging further discussions on the role of rigorous impact evaluations in
the field.

2 Background

RCTs or random evaluations currently enjoy high popularity as an instrument to
evaluate the impact of development interventions. Originating in health science,
donors and scholars alike advocate the methodology as arguably the most effective
tool to establish ‘what works’ in international development [7]. RCTs employ the
method of random assignment — that is the use of a random process to determine
access to a programme, and is distinct from random sampling, which presents a
technique to select units to create a group representative of a wider population.
Random assignment is the key mechanism that allows RCTs to establish a valid
counterfactual and consequently increased power to measure causal relationships.
Based on this, random evaluations lead the wider drive towards more ‘careful’
evaluations of development effectiveness and their popularity expresses an increasing
demand for reliable research evidence to inform programme designs. The UK
Department for International Development (DFID) for example regards RCTs as the
most reliable study design to evaluate the impact of development interventions [8].
However, the growth of RCTs in international development is not without
controversy, with critics coining the term ‘randomistas’ [9] to refer to the perceived
narrow focus on evidence of impact, neglecting e.g. notions of contexts and politics as
an important determinant of programme effectiveness.  Since development
interventions are inevitable embedded in prevailing social structures, programme
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evaluations need to account how different contexts (e.g. cultural beliefs, historical
background, policy environments) influence programme reception and impact.
Process evaluations, which investigate in particular whether the applied intervention
is implemented as intended and relevant to the context of the target population are
thus advocated as an essential exercise prior to the application of a rigorous
programme evaluation [10]. Recently, the occasion of celebrating the first decade of
evidence-informed development has revived this debate regarding the utility of
rigorous impact evaluations in development [11].

MLAD has experienced a similar trend towards an increased focus on evidence of
what works. The UNESCO Mobile learning for teachers in Africa and the Middle
East report bemoans a ‘dearth of evidence-based research’ concluding that in order to
make a more valid case for mobile learning in the context of development, an
increased evidence-base of the intervention’s effectiveness is required ([12]: 6, 28).
Citing the discrepancy between the convincing rationale of ML4D and the failure of
programmes to manifest or to achieve scale, Traxler ([13]: 164) proposes ‘the
rigorous analysis of evidence’ as a guide to address the domain’s ‘failure to think
clearly’ and ‘failure to thrive’. Evidence defined as proof of impact thus on the one
hand is required to improve the design and implementation of mobile learning as a
development intervention. On the other hand, evidence arguably determines the scale
MLAD programmes are able to achieve. The value proposition of conducting rigorous
impact evaluations in MLAD then can be identified as (a) gaining evidence of what,
how, and why programmes work and (b) generating evidence to motivate taking
programmes to scale.

This paper reflects on the increasing usage of rigorous impact evaluations in
MLA4D, a phenomenon, which is believed to be influenced by the wider enthusiasm
for such evaluation designs in international development. To measure the impact of
mobile learning interventions, Sharples and colleagues [14] distinguish between
measures of learning gains (effectiveness), measures of motivational changes
(satisfaction), and measures related to the mobile device and its features (usability).
The measure of impact in this context then is confined to Sharples’s first notion of
‘effectiveness’, i.e. impact defined as learning gains of programme participants. The
terms ’rigorous’ or ‘careful’ impact evaluation are defined following Clemens and
Demombynes as,

‘the measurement of a policy’s or programmes’ effect with the great attention to
scientifically distinguished true causal relationships from correlations that may or
may not reflect casual relationships, using well-controlled comparisons and/or natural
experiments’ ([15]: 2).

3 Methodology

This paper is based on the findings of an ongoing systematic review of ML4D
interventions. The review used a systematic approach to identify relevant studies
addressing the question of mobile learning’s impact in developing countries. Firstly, it
applied an exhaustive search effort based on an over-inclusive search strategy in order
to identify as many relevant studies as possible. The search strategy included
academic as well as grey literature sources, and search hits were screened according
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to pre-defined inclusion criteria. Included studies were then coded on key indicators
such as applied methodology, intervention design, outcomes, etc., and further subject
to a rigorous risk of bias assessment. The process of coding and appraisal was
facilitated using EPPI-Reviewer 4 software (Version 4.3.5.0).

In order to gain a comprehensive understanding of mobile learning’s overall
effectiveness in developing countries as well as how and why mobile learning works
or does not work, the identified studies were assigned to two different categories
depending on whether they aimed to aggregate or configure ML4D impact'. This
adapted review approach was assumed to better fit the context and demands of a
complex development intervention such as mobile learning and allowed the review to
establish a more complete picture of the evidence-base of ML4D. This paper reports
on the composition of the established evidence-base investigating the diversity and
appropriateness of the applied evaluations designs.

4 Brief Overview of the Impact Evaluation Landscape

The systematic review identified 26 studies that aim to aggregate the impact of mobile
learning in a developing-country context. These 26 aggregative studies” present either
programme evaluations or research experiments and date back until 2003. Of these 26
studies, nine studies are designed as field experiments of mobile learning
programmes. Each of these nine field experiments has been conducted after 2010 and
the studies have considerable larger sample sizes (average n = 1770) compared to the
remaining 15 studies (average n = 77). Investigating only the ML4D research since
2010, it is found that researchers undertook only three classroom experiments. This
contrasts the past record of ML4D research, as such study designs were applied in all
but one of the studies conducted prior to 2010.

Further, this shift towards more large-scale field experiments is accompanied by
the ambition to increase the rigour of evaluation designs. This translates in particular
into increasing efforts to construct a more careful counterfactual, larger sample sizes,
more emphasis on statistical power, and lastly attempts to apply random evaluation
designs. The conduction of five RCTs of ML4D interventions, two of which are
completed [17,18] reflects these efforts. The remaining seven aggregative studies
each used a careful experimental design to evaluate the impact of the mobile learning
programme. These evaluations however failed to randomise access to the programme,
rather using a purposive sample from which participants were then randomly
allocated to either the control or treatment group. This practise compromises the
reliability of the counterfactual as it cannot control for unobserved characteristics that
potentially could produce systematic differences between intervention and control
groups.

In sum, the experiences of conducting large-scale experimental evaluations have
been mixed. While it is feasible to conduct rigorous impact evaluations of MLAD and

! A similar review approach has been applied by Thomas et al [16].

2 Aggregative studies are defined as experimental research, which design features both, a
control/intervention group as well as before/after data, and sets out to measure the impact of
an intervention using pre-defined and verifiable indicators.
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individual studies® have achieved both scale and rigour, most reviewed evaluations
were unable to meet the high methodological standard commonly associated with
rigorous impact evaluations. Applying a new Cochrane risk of bias tool [19] six of the
nine field experiments were judged as displaying a high risk of bias. Most common
weaknesses included bias due to departures from intended intervention; bias in
selection of results reported; and bias due to missing data (attrition). This leaves
doubts regarding the internal validity of these studies.

5 When to Conduct Impact Evaluations?

Even if rigorous, large-scale impact evaluations — including RCTs — of ML4D
interventions are feasible, such evaluation designs might not provide the most
effective approach to measure mobile learning’s impact in developing countries.
Similar to experiences made in the education sector, the growing ‘evidence
movement’, i.e. the remit to evaluate programme effectiveness along strict
methodological criteria, in international development too has been controversial
[20,11]. In education the drive towards more careful programme evaluations caused
epistemological concerns, being perceived as ‘the unwarranted transfer to the
educational domain of a “positivistic” model of knowledge dominated by a “hierarchy
of evidence” (...)’ ([21]: 26). Evidence-informed development faces similar concerns
about the notion and production of evidence. The application of rigorous impact
evaluations in development, for example, has been criticised as a political tool to
undermine transformational development efforts [22]. In the context of MLA4D,
Traxler [23] similarly cautions against the unquestioned assumption of evidence as
the sole base for policy decisions. Adding to these theoretical challenges, in practise
the relevance of rigorous impact evaluations depends on a number of assumptions and
contexts to hold — some of which appear questionable in the case of ML4D.

Rigorous impact evaluations are not best suited to answer some types of research
questions. They are designed to answer specific cause-effect questions on the
difference a programme has made in outcomes. Needs assessments and process
evaluations in contrast are better equipped to answer descriptive and normative
questions regarding the programmes’ performance [25]. Using the case of randomised
evaluations, Glennester and Takavarasha [10] moreover show that this resource-
intensive evaluation approach can only yield reliable findings of impact if the
evaluated intervention has been well-designed taking into account local context and
needs (i.e. after a process evaluation has been undertaken); and further, has been
implemented strictly following the intervention design. The validity of this
assumption faces particular risks when considering programme maturity. The review
of MLAD’s evidence-base indicates that process evaluations present the minority of
applied evaluation designs, appearing secondary in favor of more impact-focused
designs such as RCTs. Emerging mobile learning programmes in development
countries, eSchools 360* for example, increasingly use rigorous designs as the
primary and exclusive evaluation tool.

3 For example: [17,18,24].
4 http://www/impactnetwork.org/eschool360/
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There are a number of inherent risks when applying rigorous impact evaluations in
a new research area in which intervention approaches and designs are fluent and
evolving. The programme design is likely to alter significantly as the programme
responses to unanticipated challenges in implementation and participant behaviour.
This leaves the evaluator with two main challenges: One might find no or few
programme impacts, but can neither attribute this finding to weaknesses in
programme implementation nor to flaws in the programme approach. The changes
made to programme design during the pilot might also be extensive, effectively
providing a new version of the programme in need of a new evaluation itself. Having
said that, there is also an important reason to conduct a rigorous impact evaluation
early on in the programme cycle — the need to provide evidence of programme
effectiveness to justify the scale up of a programme to donors or policymakers.

6 Has ML4D Reached the Right Maturity?

The balance between these opposing agendas determines the timing of most
evaluations. The findings of our review suggest that many mobile learning
interventions in developing countries have not reached sufficient levels of maturity,
questioning the recent drive in the field towards more rigorous evaluation designs.
This is evident in the composition of ML4D’s evidence-base coupled with the results
of the risk of bias assessment. Whilst there is an observed increase in the number of
rigorous impact evaluations, which have replaced other evaluation designs as a
primary evaluation tool, few of these rigorous evaluations have been conducted
effectively. The high risk of bias ratings reveal that the majority of these rigorous
evaluations encountered methodological challenges and failed to review programmes’
impacts adequately.

The evaluation of the Worldreader pilot programme provides an insightful example
to underline this case. Worldreader is one of the largest and well-known MLAD
programmes. The non-governmental organisation (NGO) is introducing e-readers as
an educational tool in nine African countries. Schools are supplied with free e-
readers, and the organisation maintains a collection of currently 944,300 free e-books
that learners and teachers can access. The programme is targeted at increasing literacy
among disadvantaged learners, and Worldreader highlights its early efforts to
rigorously examine ‘what works and what doesn’t when it comes to eradicating
illiteracy’ [26].

The evaluation of the Worldreader pilot programme, despite a wealth of mainly
positive findings, failed to find evidence of Worldreader’s impact on pupils’ literacy
scores ([27]: 38), a measure initially assumed as the programmes’ main contribution.
Yet, a deeper analysis of the evaluation findings reveals that, due to device breakages
and unexpected external events (e.g. teacher strikes and bullying), students spent 40.5
percent ([27:] 19) less time with the e-readers than anticipated by the programme
team’. The absence of evidence on Worldreaders’ effectiveness might thus not be

> An evaluation of the TeacherMate programme in Rwanda draws similar conclusions, finding
that students had only one-third of the time, which was allocated to learning with the Teacher-
Mate device [28].
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caused by inherent flaws in the intervention, i.e. using tablets as a learning tool, but
rather in the process of implementing the intervention. A more cost-effective
evaluation approach, such as a process evaluation would have equally yielded these
findings without the risk of drawing premature conclusions on the programmes’
impact, which might potentially question the validity of the programme®.

The evaluation of the Worldreader pilot also highlights another shortcoming of
applying careful evaluation designs in immature interventions. Due to the evolving
nature of pilot programmes, it is challenging to ex ante identify relevant outcomes,
and likewise, to allocate reliable indicators to measure these. While Worldreader
initially assumed reading scores to be a critical indicator of programme success, the
evaluation team had to concede that the time line of seven months was not accurate in
order to establish measurable differences in reading performance that could be
attributed to the introduction of e-readers. As a result, the evaluation report primarily
presents configurative data on the programme’s performance and participants’
reception [27].

Lastly, attempts to explain absent findings grounded in methodological flaws
might undermine trust in future programme evaluations. In order to explain the lack
of the programme’s effectiveness on literacy scores, Worldreader for example states
that the control group was ‘inadvertently influenced to focus on reading and improve
its reading performance because they were being monitored” ([27]: 39). An evaluation
of the BridgelT programme in India on the other hand praises its aggregative finding
on pupils’ math and science scores despite the fact that half of the schools in the
control group did not provide endline data [29]. Cherry-picking strengths of careful
evaluation designs, just as citing design as an explanation for unsupportive data, does
little to reduce evaluation bias — the primary reason why one conducts rigorous
evaluations in the first place.

The above shortcomings underline the risks and challenges of applying rigorous
evaluation designs in an evolving and nascent field such as ML4D. To assume their
value proposition in mobile learning, rigorous evaluations require a detailed
understanding of how the intervention is assumed to deliver the desired results.
Programme theories (or theories of change) aim to generate such an understanding by
mapping the assumed sequence of events triggered by the intervention along a logical
pathway [25]. Programmes using mobile learning in the context of development,
however, due to the relative immaturity of the field and thus few examples of scale
and best practise, often lack such explicit theories of change. Applying careful impact
evaluations without prior definition of a programme theory risks placing a rigid focus
on evaluating final outcomes at the expense of reviewing practises and intermediate
outcomes. Yet, knowledge of practises, e.g. how students in marginalised settings
appropriate technologies as a learning tool, is fundamental to any casual
understanding of what works, how, and why, in ML4D. Evaluation designs that fail to
account for the strengths and weakness in MLAD practises yield an incomplete picture
as a narrow concern with impact and final outcomes risks ‘cutting out the noise’ — that
is the complex linkages between the mobile learning intervention, the context it
implemented in, and how this influences the reception and practise of MLAD.

® Worldreader since has moved into the second project phase, taking into account the findings
of its initial evaluation. The second phase is evaluated with a smaller sample size and more
focused objectives.
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7 Discussion

Impact evaluations in ML4D need to make use of different types of knowledge in
order to explain if and why mobile learning presents an effective development
intervention. Our understanding of MLAD requires reliable information on the
aggregative impact of mobile technologies, but we further also need to configure what
determines and alters mobiles’ potential impact in developing-country education. The
need for this type of configurative knowledge is underlined by a RCT of a mobile
phone-based adult literacy programme in Niger [17]. The RCT finds that using SMS
technology can lead to significant increases in literacy and numeracy acquisition as
well as retention. Yet, the programme supplied only one phone per five participants
and evaluation data consisted merely of baseline, midterm and final assessments
results. Consequently, the evaluation neither provides information on how the
learning gains were achieved, nor on what made SMS technology an effective
intervention in this setting. The study’s findings — as rigorous and reliable as they are
— might thus be limited in their contribution to our understanding of how mobile
learning takes place in developing countries. This indicates that the proposed value of
rigorous evaluations as means to yield a deeper understanding of MLA4D is
questionable.

The investigative nature of most mobile learning programmes in developing
countries presents challenges to the application of rigorous impact evaluations.
Aggregative evaluation designs with a narrow focus on establishing impact of what
works have encountered important limitations in their effectiveness. As long as the
programme theory of ML4D interventions continues to evolve significantly, mixed-
methods evaluation approaches using a more configurative manner of investigation
might provide a more effective study design. Mixed-methods evaluations, rather than
making premature impact/no-impact judgments, can increase our understanding how
mobile learning in developing countries takes place, and why programmes might be
(or might not be) effective. They combine the strengths of rigorous evaluation designs
with a more qualitative inquiry into the processes and contexts shaping the reception
and practise of ML4D interventions. Mixed-methods evaluations thereby provide
reliable evidence of impact, required to justify a scaling of programmes; but they
moreover provide evidence of best practises, required to inform effective and
adaptable programme designs. We argue that both types of evidence are of equal
importance in improving the effectiveness of MLAD interventions. That said, mixed-
methods evaluation approaches can often be resource-intensive due to the need to
combine expertise of different research traditions, and can face challenges in
interpreting and communicating the research results to different audiences.

MLAD cannot be reduced to the mere provision of mobile devices in resource-poor
settings, in particular when it is not clear what pedagogical innovation or value the
device features [30]. Likewise, the evaluation of ML4D programmes cannot be
reduced to aggregative measures and requires an understanding of the complexity of
the social interactions with, and perceptions of, the device that appropriate the
technology to serve as an educational tool. To this remit, Velghe [31] uses
ethnographic methods investigating the case of a phone-based adult literacy
programme in South Africa. One of the key findings is that women develop device-
depended literacies and use peer support to reinforce their learning experiences with
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mobiles. These findings complement the above-cited study by Aker and colleagues
[17], showing not merely that women can gain literacies through mobile phone based
interventions, but also how and why this process might take place. Albeit anecdotal,
this case thus underlines the value of mixed-methods designs to evaluate MLAD
programmes.

The drive towards more evidence and more careful evaluations of MLAD programmes
is welcome. Yet, the above examples have shown that rigorous evaluation designs need
to be applied with caution, as overly stringent evaluations of impact might not be best
suited in the context of the infant field of MLAD. Evidence advocates arguably will point
out that proof of what works is increasingly required as a precondition for scale up, and
while we generally agree with this notion, we would like to refer to the One Laptop Per
Child (OLPC) project as an interesting case study in this regard.

OLPC arguably is currently the largest educational technology programme with an
explicit developmental mandate’. However, the programme achieved this scale
despite a lack of rigorous evidence of its effectiveness. A number of RCTs® have
found that OLPC has at best mixed impacts on learners and that the programme is
best implemented alongside other interventions, such as teacher training on how to
use the technology. Notwithstanding this ambiguous evidence-base, country
governments continued to implement OLPC programmes; and while we acknowledge
the complexity of evidence-informed policymaking and the many factors influencing
the uptake of research evidence [32], this disregard of the research findings arguably
reveals policymakers weighting the appeal of the OLPC idea higher than the absence
of convincing evidence.

The role of evidence and its relation to MLA4D’s evolvement is therefore not
necessarily linear. An increased amount and more rigorous knowledge of mobile
learning’s impact is likely to support its appeal and policy rationale. However, if this
focus on evidence of what works sacrifices a deeper understanding of how and why
ML4D works, the long-term benefits of this shift are uncertain. Few MLAD
programmes have achieved scale and as the OLPC case shows, the relationship
between scale and evidence is ambiguous. Achieving scale arguably depends as much
on accounting for measurable impacts of programmes’ success as it depends on
effective programme designs.

Evidence might thus present but one factor determining the uptake of ML4D
interventions. We therefore caution against rigidly following trends and best practises
applied in more mature and established development interventions. That said, there
are also internal drivers that push ML4D to establish more rigorous evidence of what
works. Firstly, the domain displays a tendency to market mobile technologies’
potential in developing-country education with high claims. The GSM Association
(GSMA) [33] estimates for example that 180 million children in developing countries
will have the opportunity to stay in school between 2013 and 2017 due to
advancements in mobile learning interventions.

" There is currently some confusion regarding the project’s status:
http://thejournal.com/articles/2014/03/14/
whats-new-with-olpc.aspx

8 For an overview of studies, see for example:
http://blogs.worldbank.org/edutech/IDB-research
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In addition, leading institutions in the field often overlook the trend towards
evidence-informed policy and practise. For example, the UNESCO mobile learning
reports — the flagship publication on the state of mobile learning in developing
countries — are informed by desktop reviews, anecdotal case studies, expert opinion as
well as expert and policymaker interviews [2,12]. Given the profile of these
publications, as well as the scale and expertise of the organisation, a more evidence-
informed approach might reasonable be expected. Thus, the habit of overstating
mobile learning’s potential, paired with the neglect of evidence-informed approaches
among leading institutions in the field, might present internal push factors that lead
scholars and practitioners to conduct more rigorous impact evaluations in order to
highlight the distinctiveness of their programmes.

8 Conclusion

In the context of ML4D the drive towards more careful impact evaluations has thus
far rarely been questioned. The mantra of evidence-based practise, and consequent
pressure to provide evidence of what works, informs the evaluation design of current
mobile learning programmes in developing countries. Yet, given its niche position in
international development and the investigative nature of most programmes, mobile
learning’s faith in and embrace of rigorous impact evaluations might be shortsighted.

Currently, mobile learning programmes in developing countries might not have
achieved reasonable maturity in order to be subject to these rigorous evaluation
approaches. This does not reject carefully designed impact evaluations altogether but
aims to encourage a more balanced application of evaluation designs. Making use of
limited resources, evaluators should carefully consider different evaluation options,
e.g. process evaluations. Mixed-methods evaluations combining an aggregative and
configurative evaluation approach serve as an effective method to assess the impact of
MLAD programmes. The advantage of this evaluation approach rests in its ability to
aggregate ML4D’s overall impact as well as to configure what contexts and practises
allow for an effective implementation of mobile learning in developing countries. A
more balanced approach to evaluation, coupled with more cautious assumptions
regarding its effectiveness might strengthen mobile learning’s position as a
development intervention and can improve our understanding of mobile learning’s
role in international development.
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Abstract. The paper offers practical recommendations on the implementation
of a mobile learning project in a cross-cultural setting. This summary of lessons
learned includes a brief account of barriers experienced in the first twelve
months of the longitudinal PAHELP study in Ghana, Africa, and replicable so-
lutions which emerged from the close collaboration of the stakeholders in Gha-
na, Canada, and the US. The Design-Based Research (DBR) methodology
adopted by the study is presented alongside the discussion of challenges to in-
form future m-learning studies.
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1 Introduction

The doctor-patient ratio in Ghana and in many parts of Africa is at an all-time low.
The severity of these statistics was confirmed recently by the Director of Health Ser-
vice for Greater Accra region, Dr. Linda Van Otoo, who stated that “Ghana’s doctor-
patient ratio is approximately one doctor to 15,259 patients in a year” [1]. She also
clarified that similarly “physician assistants also see about 38, 000, patients in a year
while midwives and nurses attend to about 6,000 and 1,400 patients respectively in a
year.” Motivated by this urgency, members of the Physician Assistant (PA) Program
at the Central University College (CUC), Ghana, partnered with the University of
New Mexico and Athabasca University to address healthcare needs in rural areas by
training more PA's using mobile technology. The team, supported by a Grand Chal-
lenges Canada grant, launched a Design-Based Research study in May 2013. This
project leverages mobile and e-learning technologies to support knowledge building
and skill acquisition amongst PA practitioners in remote areas in Ghana, Africa. The
educational intervention designed in the study blends innovative distance learning
(DE) approaches, including mobile learning content, strategies and tools, e-learning
resources, and occasional face-to-face (f2f) sessions to provide a hybrid PA program.
Hence, the project has been nicknamed Physician Assistant Hybrid E-Learning
Program (PAHELP).

M. Kalz et al. (Eds.): mLearn 2014, CCIS 479, pp. 168-181, 2014.
© Springer International Publishing Switzerland 2014
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We are reporting on the key challenges and solutions which emerged during the
first twelve months of this four-phase longitudinal DBR study, of which the overarch-
ing aim is to educate more medical personnel in Ghana and eventually other similar
educational contexts in Africa. While the CUC could only train fifty Physician Assis-
tants at a time in their traditional f2f program, the PAHELP intervention aims to
multiply these numbers. Students can participate in the program at a distance at their
convenience even while on the job in the clinics. Many of them accessed course re-
sources and other supports on demand and immediately transferred that information to
on-the-job solutions. In fact, students stress the benefits of using mobile devices for
in-situ application of learning, as reported by one of them: “I currently see forty to
fifty patients a day and I never know what is coming next. I use the information from
this course, especially the complications of pregnancy lessons, in my clinic”. Being
able to retrieve the needed information without leaving their community has been
identified as a key advantage of the m-learning approach. The PAHELP model leve-
rages medical expertise throughout the country and enables the CUC to train more PA
students without requiring them to leave their communities for long periods of time.
This format enables students and faculty to remain in their neighborhoods, and meet
academic, financial and familial responsibilities, whereas the traditional f2f PA pro-
gram require students to interrupt their family and community life for up to two years
and travel to institutions hundreds of miles away. It helps maintain community sup-
port and cultural integrity conducive to learning situated in a real-life context in Gha-
na and potentially throughout Africa.

The team identified and addressed several barriers in the creation and implementa-
tion of the PAHELP system. These barriers included inconsistent telecommunica-
tions infrastructure, cultural and technological incompatibility, as well as limited
economic and human resources. The team researched Ghana’s mobile network, sup-
porting 24.4 million mobile phone users [3] and leveraged this expanding network as
a foundation for the development of an m-learning solution that is agile and respon-
sive to the current and future students and faculty needs.

2 Purpose and Outcomes

The key purpose of this DBR study is to design a replicable educational intervention
to address a shortage of trained medical staff in remote areas of Ghana. The primary
outcome, i.e., a hybrid mobile learning intervention, provides a base for the develop-
ment of a corresponding instructional design framework, thereby offering design
principles (intervention theory) that can be replicated in other similar educational
contexts. In addition, the first twelve months of the project have been instrumental in
shaping up the project strategy and collaboration between all the stakeholders leading
to a modified DBR project framework. This ancillary outcome is vital to the success
of the research study and the sustainability of the PAHELP program.



170 A. Palalas et al.

2.1  Educational Intervention: PA Program

The innovative m-learning solution we have been developing provides a redesign of
the proven f2f PA curriculum to be delivered at a distance to medical practitioners
working in their communities. Based on the feedback collected during the initial
stages of the study, Obstetrics & Gynecology and Pediatrics course prototypes have
been developed and delivered. This prototypes reflect the teams’ focus on the unique
educational background and learner characteristics of the target learners as well as
their clinical experience. The PAHELP model provides a hybrid learning solution that
integrates student control, freedom, and flexibility. In addition, students can access
up-to-date content, expert support, and guidance at a distance. These activities are in
alignment with our learners’ needs and the socio-cultural constructivist theoretical
foundation guiding the design. Students can actively maximize their learning expe-
rience by connecting to other members of this learning community via their mobile
devices. These connections provide peer-support and opportunities to co-create new
knowledge through collaborative activities whenever and wherever learners can
access the network: “no student can learn in isolation and cooperation is needed in the
form of exchange of resources, opinions, feedback, support, and energy” [6].

The course prototypes follow the PAHELP hybrid model that combines elements
of mobile and e-learning with occasional f2f interaction. The content of the courses
resides in a Moodle platform that is optimized for mobile delivery and accessed by
students through tablets provided by the project. The core PA curriculum content has
been repurposed and redesigned to integrate “bite-size” Moodle modules with pdfs,
audio, video and mobile applications. Quizlet, Study Blue, and Medscape were se-
lected, amongst other mobile apps and incorporated into the courses. In summary,
the prototypes have been designed to leverage the affordances of mobile technologies
and the existing PA courses at CUC in offering a solution that is sustainable, scalable,
and can be replicated in other African countries faced with shortages of doctors and
teachers who could, in turn, educate new medical staff.

2.2  Intervention Theory: Design Principles

The current PAHELP prototype was initially based on the design principles gleaned
from related mobile and e-learning, as well as DE literature. These guidelines were
then modified to accommodate the findings of the first phase, i.e., Informed Explora-
tion, of the reported DBR study. The conceptualization and development of the suc-
cessive prototypes are driven by the feedback collected through the future cycles of
the study. The design guidelines will be refined iteratively, as new feedback emerges
from the design tests and pilots, and will target both the pedagogical and technologi-
cal aspects of the PAHLEP intervention.

2.3  Research Project Strategy: Refined Framework

All aspects of the research strategy and project management have been rigorously
planned and documented to give direction to the efforts and focus of the intercultural
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PAHELP team. To optimize the resources, time and expertise available to the re-
search study, preliminary needs analysis had been completed prior to the DBR study;
a strong research framework was then selected, human and monetary resources were
secured, methods and processes were planned and agreed upon by the key stakehold-
ers. However, it was not until that strategy was applied in a real-life context, that the
project leaders realized the complexity of conducting in-situ DBR studies in a diverse
educational setting. What appeared to the North American researchers to be explicit
guidelines for action, were in actuality perceived as optional, and needed to be
adapted to the cultural context, country, institution and stakeholders in Ghana. As the
international team worked together through challenges that emerged in the process,
the original DBR framework adopted by the study had to be modified. More emphasis
had to be put in the initial stages of the study on ensuring preparedness and support
from all participants, so that they could fully contribute to the design, development,
and evaluation activities as well as decisions. The new DBR framework is still being
refined and will be presented in detail in future publications; however, the key chal-
lenges and recommended solutions, which emerged in the first year of the PAHELP
project, are shared in this paper.

3 Methodology

3.1 Design-Based Research Methodology and Research Design

This paper focuses on the first twelve months of the longitudinal DBR study that
commenced on May 1, 2013. As mentioned above, the main purpose of this research
is to design the hybrid DE model utilizing mobile and e-learning approaches, com-
bined with f2f sessions to train PA students in rural Ghana via mobile devices. One of
the key questions explored in the study pertains to the barriers to m-learning faced in
this particular educational context, as well as the solutions to those challenges. Our
data pertaining to such challenges have been distilled and analyzed for the purpose of
this paper and the resultant findings are discussed herein.

3.2 Procedure

A multi-cycle DBR process has been implemented to provide data for design, devel-
opment, evaluation and refinement of the PAHELP solution. This iterative approach
has been adopted to improve understanding of what constitutes a satisfactory learning
experience, promotes advancement in medical knowledge and practice, and is attaina-
ble within the technical and cultural constraints of the unique context. PAHELP
adopted a modified version [6] of the Integrative Learning Design Framework (IDLF)
model [2] including three phases: (1) Informed Exploration, (2) Enactment, and (3)
Evaluation. Each of the phases would go through multiple iterations allowing for the
refinement of the design and collection of up-to-date feedback. The three phases did
not succeed each other in a linear fashion, but rather their cycles would overlap and
their results inform the following iteration (Fig. 1).
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Informed
Exploration
oo May-August 2013
Enactment
August 2013- =
ongoing
~  Evaluation
= | August2013-
ongoing

Fig. 1. Iterations of the three DBR phases

The project team has completed one iteration of each phase, which laid the
groundwork for the consecutive cycles of Enactment and Evaluation. The three phas-
es are briefly described below.

3.3 Phase 1: Informed Exploration

This phase began with a formulation and analysis of the existing educational problem
followed by in-depth examination of the target audience, their needs, background,
resources and technology available to them. Results of the earlier exploratory studies
of the CUC PA program were also incorporated alongside data and observations col-
lected by researchers from the US and Canada during their visits to Ghana. The tech-
nological infrastructure was explored, and consequently a device procurement plan
was framed. Feedback from students and practitioners was collected through a student
focus group, expert interviews and meetings. Additional data was gathered by the
virtual team through regular online meetings, progress reports, and during faculty and
instructional designer training sessions conducted at CUC by the North American
team. All this data was aggregated and analyzed for common themes. The results
were then validated by a comprehensive review of comparable solutions and relevant
literature.

The Informed Exploration findings provided the base for the conceptualization of
the theoretical construct to guide the design. In addition, Socio-constructivism was
selected as the overarching theoretical framework, while Cognitive Apprenticeship as
the pedagogic strategy supporting the situated learning approach adopted for the PA
learning activities. Furthermore, the analysis of the context brought to the foreground
the systemic social, cultural, and organizational characteristics of the educational
context and the constraints these put on the DBR process and outcomes.
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e Educational problem formulation and analysis
* Needs analysis, context and audience characterization
e Technological readiness analysis and device procurement
e Literature review
e Existing solutions and comparable design investigation
e Preliminary design requirements formulation
¢ Theoretical framework development
Informed ¢ Data collection and analysis (online and in person: visits to Ghana)
EXploration e Training of CUC staff and students: M-learning, DE, ID, Project Mgmnt*
e Selection and hiring of local experts in Ghana *

Activities

¢ Experts (n=7) : interviews, meetings, progress reports, correspondence -

qualitative

e Students (n=59): 1 focus group, interviews - qualitative

¢ 2 Surveys (n=15) — mixed

e Literature review, comparable solutions and technology investigation

e Visits to Ghana (in-situ observations, visits: students, clinics, university,
Informed educational institutions, mobile network providers)

X ¢ Existing PA program reviews
Exploratlon * Researcher observations and reflections - qualitative
¢ Notes from traning and orientation sessions

Data Sources
e Preliminary design guidelines
¢ Theoretical construct (ideal to guide the design)
¢ Theoretical framework - Socio-constructivism, Cognitive Apprenticeship
e Evaluation questions for phase 2 and 3
e Research project plan
* Mobile device provision*
Informgd * PAHELP local team creation and stakeholders buy-in*
Exploratlon * Opportunites, barriers, and challenges identified
Outcomes

Fig. 2. Informed Exploration activities, data, and outcomes

Organized efforts were also made to support students, faculty and administrators in
the transition from the f2f PA courses to the hybrid model. Potential student partici-
pants were recruited and offered training in the use of mobile devices. The students
and faculty were provided with tablets (supplied by grant funding), which they used
to access various learning activities and other components of the coursework. More
details on Informed Exploration are presented in the diagram above (Fig. 2).

3.4 Phase 2: Enactment

The main focus of Enactment was the design and development of the first prototype
of a hybrid PA program. Two PA courses were developed and made available through
the Moodle platform to be accessed by students at a distance. Existing mobile apps
were explored, and subsequently integrated into the solution as well. The ongoing
discussion and evaluation of the design ideas led to the revision of the conceptual
model and the creation of the functional prototype of the first course, Obstetrics and
Gynecology, offered to students for evaluation in October 2013 and followed by the
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* Design requirements revision/validation \
 Preliminary conceptual model(s) creation

¢ Detailed design of prototype 1

¢ Functional prototype 1 design and development

¢ Educational intervention refinement

* Design principles/ theory refinement

¢ Data collection and analysis (online and in person: visits to Ghana)
Enactment e Research project plan adjustments

¢ Training of CUC staff and students: M-learning, DE, ID, Project Mgmnt*

Activities « Selection and hiring of local experts in Ghana * /

¢ Experts (n=7) : interviews, meetings, progress reports, correspondence -
qualitative

* 1 Surveys (n=13) — mixed

¢ Students (n=59): online course discussion groups (Moodle) - qualitative

o Visits to Ghana (in-situ observations, visits: students, university)

¢ Researcher observations and reflections - qualitative

¢ Notes from traning and orientation sessions

Enactment

Data Sources

e Preliminary PAHELP conceptual model
¢ Detailed prototype 1 design
¢ Prototype 1 implementation -Functional PAHELP prototype 1
¢ Refined design principles
¢ Modified evaluation questions
¢ Updated research project plan
Enactment ¢ PAHELP local team creation and stakeholders buy-in*
¢ Additional opportunites, barriers, and challenges identified

Outcomes

Fig. 3. Enactment activities, data, and outcomes

prototype of the second course, Pediatrics, in January 2014. These prototypes were
evaluated through the consecutive cycle of Phase 3 providing feedback for further
refinements of the design. The design, development, and evaluation cycles had to
correspond with the CUC academic schedules as well as the visits to Ghana by the
North American team.

Feedback to support the design and development of the intervention was collected
through the methods and instruments summarized in Fig. 3. Additional training sessions
for faculty, as well as the ID and IT practitioners were required during this phase to ena-
ble the collaboration of all stakeholders on the instructional design activities. Likewise,
the project plan and the research strategy necessitated adjustments to accommodate the
unanticipated barriers addressed in more detail in Findings: Challenges. To ensure ade-
quate human resources and expertise needed for this phase, further professional devel-
opment initiatives and project team recalibrating were necessary.

3.5 Phase 3: Evaluation

Thus far one cycle of Evaluation has been completed. In this final phase of the DBR
process, data necessary for formative evaluation of the design product and process
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were gathered through the pilots of the two PA course prototypes. This feedback was
collected through project meetings, progress reports, correspondence, interviews,
surveys, focus groups, as well as researcher observations and memos. As a result, the
prototype has been modified and the corresponding design guidelines adjusted accor-
dingly. The design characteristics identified by participants as vital for the mobile
educational intervention will be worked into the upcoming prototype 2 before the next
evaluation cycle.

Further adjustments to the study framework, the project work plan, and the partici-
pant contributions were imperative for the success of the study. The timelines, main
activities, outcomes, and data for Phase 3 are illustrated in the diagram below (Fig. 4).

¢ Formative evaluation of conceptual models

¢ Formative evaluation of functional prototype 1

¢ Formative evaluation of design principles/theory

¢ Data collection and analysis (online and in person: visits to Ghana)
Evaluation * Research project plan adjustments

* Report writing and findings dissemination

(Local)
Activities
¢ Experts (n=7) : interviews, meetings, progress reports,
correspondence - qualitative
o Students (n=22): 1 focus group, interviews - qualitative
® 2 Surveys (n=13) — mixed
o Students (n=59): online course discussion groups (Moodle) -
Evaluation qualitative
 Visits to Ghana (in-situ observations, visits: students, university)
(Local) * Researcher observations and reflections - qualitative
Data Sources
¢ Refined PAHELP conceptual model
¢ Refined prototype 1 design
¢ Research question(s) partially answered
¢ Refined design principles
e Year 1lreport generated
Evaluation e Research findings disseminated
¢ Updated research project plan
(Local) ¢ Additional opportunites, barriers, and challenges identified
Outcomes

Fig. 4. Evaluation (Local) activities, data, and outcomes

In summary, the findings, reported in the Findings: Challenges section, emerged
from the qualitative data collected from the student-participants as well as the other
stake-holders from Ghana, USA, and Canada, including researchers, instructional
designers, teachers, technical support, project managers, and administration.
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The feedback was collected through five surveys (four student and one faculty sur-
vey) administered at various points of the study and one focus group - at the midpoint
of the pilot. The remaining data was gathered on a regular basis through team meet-
ings, interviews, and correspondence, and documented in researcher notes, meeting
minutes, progress reports, and written correspondence. The data have been rigorously
analyzed and coded by three co-coders. Codes were generated and assigned in a cyc-
lical fashion to phrases and sentences through repetitive thematic analysis focusing on
the question of challenges and solutions. The two main codes that emerged were those
of organizational and learner-centered issues. These are discussed in more detail after
the presentation of participants, their unique educational and cultural background, as
well as some of their feedback that highlights their specific needs and attitudes.

4 Participants

The demographics of the participants in this research study reflect a group of students
that share similar educational and professional goals and cultural foundations, but
vary in age, gender and physical location. There are fifty-nine students enrolled in the
PAHELP program with 35 females and 24 males that range in age from 24 to 52.
They are all employed as community health workers, nurses, medical assistants
(PAs), home health aides, and behavioral technicians.

Each of these students meets the challenge of balancing professional development
with career and family: “I may not have children yet, but I still have responsibilities to
my mother and father and traveling long distances is expensive and keeps me from
home.” Students from both urban and rural communities expressed their commitment
to learning in this new environment: “I have a new place to look for answers while I
am working. I practice alone and don’t always have time to call or pick up a book. I
can download PDFs and get help right away”. Apart from the benefit of learning at a
distance, the students appreciate the advantage of exchanging ideas as part of their
own learning community: “Some of us talk to each other online in class, I want more
of that”. The students also communicated that they wanted more connection to each
other as resources in class and at work. The PA students that participated in the
PAHELP courses consistently practiced support and interaction both while online and
in the f2f orientation and focus group sessions.

The current participants of the PAHELP program share socio-cultural characteris-
tics that the research team will continue to incorporate into the design and implemen-
tation. According to Samovar, Porter and McDaniel [9] and consistent with our
observation, the target learners are highly collective with a great emphasis on the
welfare, needs and goals of the group than the individual. Our team observed that that
Ghanaians have strong communal values that intertwine traditions, honoring elders
and maintaining strong familial bonds. Additionally, personal dignity and proper so-
cial conduct are much individual are they are communal. Therefore, learners accept
power as part of the culture and that those with power and status consider their subor-
dinates to be different than them. These learners accept hierarchy within a
collective and respect the roles of their superiors. The team integrated these cultural
components into the design as they impact the dynamics of the teaching-learning
relationship.
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Furthermore, Samovar, Porter and McDaniel [9] posit that these participants also
experience low uncertainty avoidance. They accept uncertainty as a fact of life. This
may serve developers of new and innovative approaches to education, as we observed
in our study, and explain students’ patience and willingness to work closely with the
design team to create learning tools for one another. When asked if they wanted to
collaborate and share their own stories and real-life cases as foundations for problem
solving activities, many of the students were willing to share and learn from each
other’s experiences in their everyday clinical practice. In summary, these participants
form a vital and active group of medical professionals who are highly committed to
being part of the solution to increasing access to medical services in their communi-
ties. They are willing to work in a highly collaborative environment.

5 Findings: Challenges

For the purpose of this paper, only the findings pertaining to the key barriers to the
implementation of the m-learning solution are discussed. The team experienced a
variety of challenges in the design, development, and delivery of the PAHELP model.
After twelve months of collaboration, including voluntary consultant site visits and
training, weekly virtual progress updates and design sessions, the team reassessed the
types and levels of support that were being offered to the CUC stakeholders (students,
faculty, IT staff and administrators). A systemic review of meeting minutes, including
progress updates, established that the following three key areas posed the greatest
challenges to the growth and sustainability of the project: (1) high level administrative
support (governmental, institutional, and individuals), (2) institutional, collective, and
individual readiness, and (3) limited access. This discussion addresses the challenges
in combining an emerging organizational infrastructure with the development and
adoption of an m-learning and e-learning intervention.

5.1 Securing High Level Administrative Support

The funding organization and CUC administration representatives created steps and
processes, identified essential personnel, recruited voluntary consultants from Canada
and UNM, and encouraged the CUC partners to create a project plan for the team to
review and follow. Despite weekly Skype team discussions and offers of collabora-
tion and support to finalize and implement a work plan, this vital strategic step was
notoriously postponed creating a hurdle to the progression of the study. Moreover,
once the project plan was drafted, not all stakeholders were equally prepared to adopt
it as a binding contractual document. Regardless of the strong leadership from the
North American team, the project activities seemed to be stalled by a number of fac-
tors that had to be investigated and addressed. Through the analysis of the feedback
on these issues it was deduced that these initial challenges occurred due the lack of
collective buy-in from CUC and formalized commitment of support from high level
personnel at the university as well as government (required for the accreditation of the
program). Gaps in understanding in regard to project progress and need occurred due
to lack of transparency in the monitoring and communication between the sites. Ad-
ministrative roles and responsibilities were not clearly defined resulting in missteps



178 A. Palalas et al.

that affected outcomes of the project. An organizational and leadership chart along
with concise steps was not shared and agreed on by the PA department and university
administration to guide as to appropriate procedures and practices. Administration and
faculty, new to this arena, required intensive supports to manage bureaucratic process
related to receiving a grant, identifying key personnel, and setting up measures for
short and long term goals of a cross-institutional research project.

5.2 Readiness for Implementing an M-Learning and E-Learning Intervention

As there is a need to establish solid process and practices at the organizational level
and to firm up infrastructure, there is an equal requirement to provide consistent
access to course materials, support, and technology for students interacting in a mo-
bile and e-learning environment. A reliable infrastructure is crucial in implementing
nascent educational systems driven by technology. The most prominent challenge that
came to the fore for students were consistent access to the Internet as well as academ-
ic and technical support while engaged in the course. The university’s ability to pro-
vide anytime access to the course was undermined by a lack of resources that remain
in development not just for the hosting institution but for the country at large. Elec-
tricity and overall accessibility to the Internet are in high demand yet still in insuffi-
cient supply in Ghana. Blackouts are common, thus hindering access to learning
materials, which frustrates the mobile learners and ultimately reduces their interest.
Additionally, the cost and speed of data bandwidth in tandem with a sporadic electric-
ity supply is a substantial hurdle for students wanting to benefit from mobile learning
platforms. In Ghana, wireless hotspots are very rare; therefore most people have to
connect to the Internet or to the learning platform through their own telecommunica-
tion network. Consequently, students rely on their own providers and, in turn, increas-
ing their cost to access the course and its resources.

In a survey conducted to assess the project’s progress, students’ responses unva-
ryingly indicated that lack of consistent access to the Internet and the cost of connec-
tion hindered their ability to participate in the course. They reported: “It costs me a lot
to use my pad and stay online and study”; “We were promised data packages to use
for these courses. Some of us had data the first month but none since then”. Students
would then incur the costs to access the course: “I have been paying out of my pock-
et.” Additionally, students would travel to the nearest urban center or town known to
have reliable connectivity simply to access the material. Access issues combined with
limited bandwidth, especially in rural areas where many of the students live and work,
work against the success of an online course.

Another challenge experienced by learners relates to support and ease in using tech-
nology as a communication and academic tool. Many of the students reported that the
PAHELP system was novel to them and was at first both challenging to access and use;
therefore, they required more guidance in accessing the courses and interacting within
them than originally projected by the North American team. Once the students mastered
the steps, they strongly appreciated its flexibility: “I can download PDF’s and other in-
formation and study at home between cooking meals and doing laundry.” As reported by
Ntseane [4], learners, including teachers as learners, have learning preferences that differ
across the globe and that failure to recognize some of the specific cultural learning
differences can defeat the goal of education and e-learning. At this stage of the project,
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students are in frequent need of support and seek direct communication. They often use
the telephone, as they are most comfortable with this first line of contact when struggling
with technology or the LMS. In the same survey, students remarked that they preferred to
contact the support team most directly by using their telephone, “When I have a problem,
I text [IT support] and sometimes call him, and he helps.” Students reported that com-
munication through f2f, verbal and non-verbal exchanges, and telephone conversations
provided rich information and solutions to technical problems. This observation reflects
that maintaining a culturally relevant learning environment ensures that students are be-
ing supported within familiar educational contexts. The use of Mobile devices can
present challenges in obtaining support that coincides with traditional communication
models, impacting comfort levels of students that have limited technological skills.

6 Summary: Solutions

In an effort to document cross-cultural understanding of program goals, priorities and
activities, several team members are recommending the creation of a logic model to
document and track progress. “A logic model is a systematic and visual way to
present your understanding of the relationships among the resources needed to operate
your program, the activities you plan and the changes you plan to achieve [10].

Additionally, we have created a collaborative model that extends the onsite f2f
training sessions (4 total in the areas of program orientation, instructional design,
mobile learning, and technology best practices). The PAHELP team created a dedi-
cated design sub-team comprising subject matter experts, m-learning and IT profes-
sionals, instructional designers, faculty and students from both North America and
Ghana. This virtual team was responsible for selecting and creating a system of train-
ing resources, including pdf documents, audio podcasts, videos and specialized mo-
bile learning tools to be integrated into the Moodle LMS and accessible on students’
mobile devices as well as personal computers. Many of the PA students volunteered
to assist in the creation of learning resources, which provided an invaluable learner
perspective coupled with the understanding of the Ghanaian context. In addition, sev-
eral of the PA students expressed interest in mentoring and being mentored. As a
result, the design team is also collaborating on the development of an integrated f2f
and e-Mentoring program to provide mentoring for and between participants at all
levels including administration, IT, designers, faculty and students.

As the team continues to collaborate on technology, training and mentoring solu-
tions, they maintain that in developing regions, such as Ghana, difficulties manifest
due to the absorption of models that are not entirely applicable to infrastructure that
their educational systems stand upon. It would be beneficial to utilize technological
tools that are present and successful in the country to construct courses accordingly.
In our case, relying on phones, especially those already in students’ pockets, rather
than tablets would be preferable. Similarly, using SMS and subsidizing SIM cards to
augment the existing ICT base has been identified as a more viable alternative. Ola-
niran suggests that “successful use of IT requires much more than mere installation
and application of systematized knowledge. It also requires the application of implied
knowledge regarding the organization and management of the technology and its
application to the contextual environment in which it is to be used” [5].
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Additional recommendations towards troubleshooting the infrastructure issues in-
clude a redundant learning platform in the cloud, to be set up and made available
towards solving server access problems caused by the irregular supply of electricity.
In the event that the institution is without power for an extended period of time, learn-
ers would be automatically directed to the alternate platform and be able to access
course materials rather than struggle to connect. Furthermore, the institution would
best serve PAHELP students by offering either no cost or low cost data packages
upon enrollment in the DE course. This would need to be procured by the institution
in collaboration with a telecommunication company. Such a partnership could prove
lucrative for all parties involved towards providing consistent Internet access to the
course, collaboration in mobile and e-learning models, and improvement of infra-
structure. It is also recommended for governments to step in as partners towards creat-
ing a system conducive to m-learning. Moreover, arrangements should be fostered
with telecom companies to reduce data charges for students with specific SIM Cards.
Hence, the PAHELP project is engaging a telecommunication company, and a tele-
communication device manufacturer, Huawei, to provide Assess Point Network
(APN) for our learners. This solution aims to improve access to the learning platform
since each student’s SIM card is to be logically connected directly CUC’s network.

In addressing limited access, the first course of action lies with the institution in
evaluating students for preparedness and aptitude for learning in a hybrid, untethered
environment — one that many are unaccustomed to. The learners’ acquisition of tech-
no-logical skills must mesh with expectations and objectives, as set by faculty and
institution. Being that students are the central driving force behind any course, the
success of the program is contingent on theirs. Implementation devoid of assessment
of participant abilities could negate further advancement of a pilot to something more
concrete. As part of the initial phase in assessing participants for preparedness, evalu-
ation of the design should be conducted in a series of beta tests. Target population
representatives should be invited to engage with the platform and offer feedback be-
fore its launch. This would inform all stakeholders as to what needs reworking in
relation to specific learner and facilitator needs. Based on such feedback, the design
should be refined and courses created to orient participants into the technology and
learning/teaching strategies.

Lastly, the sense of community inherent in the Ghanaian culture has to be leve-
raged to build a strong community of learners. Apart from regular refresher courses
and telephone support via a help line, students require a robust peer support system —
both using their mobiles and through regional group meetings where students from
the same geographical area meet in person to collaborate on group assignments, help
each other and socialize. To support the integration of the work of the individual stu-
dents and the regional groups into the larger program, facilitators and peer-mentors
should monitor students’ learning through personal on-site visits and sustained com-
munication. Students, engaged in peer-to-peer teaching and learning within a familiar
context provide a vital support system and a sense of community. Not only do they
exchange technological and academic knowledge, but they also encourage and moti-
vate each other. “Scaffolding and learning with and from each other is a natural and
appropriate mode of learning in many indigenous cultures” [8].
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At the same time, the cross-cultural research team continues to communicate open-
ly in order to ensure that all stakeholders share the same paradigm. A shared frame of
reference is vital for the project as a foundation from which the virtual team can nego-
tiate, enact and report back on mutual understanding of goals, outcomes as well as
roles and responsibilities.
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Abstract. The UNESCO policy guidelines for mobile learning are intended to
guide governments, educational institutions and other relevant organisations in
the integration of mobile learning into education policy. Their main goal is to
support and enable teaching and learning through the safe, affordable and sus-
tainable use of mobile technologies. Like all policy guidelines, they are open to
interpretation in practice, to be adapted to local contexts and conditions. Whilst
they are primarily designed to assist developing nations without mature policy
implementations, it is useful to benchmark them against possible exemplars in
developed nations. This can help to reveal deeper issues in policy formulation
that can assist policymakers in other contexts. It can also enable those nations
with policies already in place to compare them with global best practice. This
paper reports on a study based on a series of in-depth interviews with policy
formulators and implementers in New Zealand. Interviewees were asked to re-
flect on the UNESCO guidelines in the light of the New Zealand experience of
pioneering mobile learning policies. The results of this study reinforce many of
the assumptions of the UNESCO guidelines, but also provide some insights into
detailed aspects of mobile learning policy that are not explicit in the guidelines,
yet may be of value to policymakers in other international contexts.

Keywords: UNESCO, Mobile learning policy, New Zealand, case study, inter-
view data.

1 Introduction

Policy formulation works on many levels. It can range from the minutiae of internal
organisational regulation, which at its worst reduces flexibility and innovation, and
stifles creativity, to the visionary plans that embody our ideals for the future, and
provide us with pathways to a better world. This article deals with the latter.

The UNESCO M-Learning Policy Guidelines Project was established to guide
governments, educational institutions and other organizations in the integration of
mobile learning into education policy. The main goal of the project was to support
and enable educational delivery through the safe, affordable and sustainable use of
mobile technologies. The “UNESCO policy guidelines for mobile learning” document
that emerged from the project was authored by Mark West and Steven Vosloo of

M. Kalz et al. (Eds.): mLearn 2014, CCIS 479, pp. 182-196, 2014.
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UNESCO, but contributors to the policy guidelines came from more than twenty
countries [1]. The guidelines themselves are intended to be broadly applicable to all
levels of educational delivery and all nations, but of course the expectation is that the
guidelines will be tailored to local contexts when being used to formulate policy.
They are intended in particular to assist the implementation of policy in developing
countries. However it may be helpful to examine current policy in developed coun-
tries as a way of evaluating how the policy guidelines relate to current practice. The
guidelines are still in the process of gaining widespread visibility, but are likely to be
increasingly used by policy makers across the world, so empirical investigation into
the relationship between the policy guidelines and local policy implementation can
provide us with valuable insights into their utility. This paper looks at mobile learning
policy in New Zealand as a case study, interprets each of the UNESCO policy guide-
lines in the light of the local context, and explores to what extent the guidelines are
currently embedded in national and local policy.

2 Research Methodology

The case study discussed in this paper addresses how mobile learning policy in New
Zealand reflects the UNESCO guidelines. Since these guidelines address policy at
both national and local level, and are intended for a range of different institutional
types, the study investigates policy in the national government, local government,
educational institution and commercial organisational contexts. A purposeful sample
of policy makers and other relevant stakeholders (partly selected via snowball sam-
pling) was chosen from a range of stakeholder institutions, and each of these repre-
sentatives was interviewed using a semi-structured interview. Each of these
interviews took approximately one hour, and was conducted face to face at the inter-
viewee’s place of work, where possible (6 interviews.) Where the interviewees could
not be met face to face due to location, they were interviewed either by video call (2)
or by telephone (1). Table 1 shows the interview subjects who kindly contributed to
this study. Where direct quotes appear in the text, they are referenced by the name of
the sector they represent.

The investigation process took a naturalistic, positivist approach, in that the em-
phasis of the questions was on the social realities of policy, primarily addressing
‘what’-type questions with a fixed set of enquiries. A standard iterative analysis was
applied to the data, beginning with data reduction (the interviews were recorded, tran-
scribed and coded in NVivo) then seeking meaning through data display (supported
by NVivo tools), and finally drawing some conclusions from the data [2].

In the interviews, the stakeholders were asked to comment on each of the main as-
pects of the UNESCO mobile learning policy guidelines. In each case, a statement
was provided, based on summarising elements of the guidelines, and the interviewees
were asked to comment on these statements in terms of (a) whether or not they agreed
with the statements and (b) how they felt these statements were, or were not, reflected
in their own experiences or professional opinions of mobile learning policy. The
statements were:
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1. That governments should create or update policies related to mobile learning
within existing ICT in education policies. These policies should avoid blanket
prohibitions of mobile devices.

2. That teachers are trained to incorporate mobile technologies into pedagogical
practice.

3. That curriculum, educational resources and lesson plans are available to teachers
via mobile devices.

4. That incentives are created for developers to build learning content specifically
for mobile devices, including for local groups and languages

5. That gender equality is ensured for mobile students by encouraging women and
girls as well as men and boys to leverage mobile technology for learning.

6. That connectivity options are expanded and improved while ensuring equity.

7. That strategies are developed to provide equal access for all, involving BYOD or
central provision.

8. That safe, responsible and healthy use of mobile technologies are promoted, in-
cluding digital citizenship and management of potential health risks.

9. That mobile technology is used to improve communication and education man-
agement, including the collection of educational information following a conflict
or disaster.

10. That awareness of mobile learning is raised through advocacy, leadership and dia-
logue

In cases where the interviewees requested more detail on the statements, relevant
extracts from the policy guidelines were referred to.

Table 1. Interviewees who contributed to the study

Sector Representative
National government (Ministry of Howard Baldwin (Manager, Sector
Education) Engagement)
School (Orewa College) Kate Shevland (Principal)

Mark Quigley (Deputy Principal)
Commercial service provider (Isometric ~ Conrad Stewart (Managing Director)
Solutions)

Educational trust (Manaiakalani Trust) Dorothy Burt (Professional Learning
Programme Leader)

Educational researcher (University of Noeline Wright (Senior Research

Waikato) Officer)

Crown agency (Network 4 Learning) John Hanna (CEO)

Industry organization (NZTech) Candace Kinser (CEO)

Local government organization Brett O’Riley (CEO)

(Auckland Tourism Events and
Economic Development)
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Research Model

Figure 1 shows a research model derived from aspects of policy that appear in the
literature. Policy guidelines may come from a number of sources. In this paper we
focus specifically on the UNESCO guidelines, but there have been other examples
[e.g. 3]. “The impact of mobile learning...has both shaped and been formed by na-
tional and [regional] policy” [4 p.14], thus existing practices and policies influence
future policy formulation. Variations in context may also shape policy, for example in
the United States ‘Education leaders, perhaps sensing limited public or policy support,
have not yet developed a strategy on how mobile learning should be deployed, or
even if it should be used at all.” [5 p.5]. The research model was used to guide the
coding process that was used to analyse the interview data, identifying how guide-
lines, policies/practices and contexts have informed, influenced and shaped policy
formulation, and how policies, driven by that process, are enacted in practice.

Paolicy
Guidelines
Existing
Paolicy
Local
Context

Fig. 1. Research model of mobile learning policy

influences

i Policy
Policy

3 Analysis

In this section, each of the main interview questions are addressed in turn, with re-
lated analysis themes explored in detail and illustrated with the voices of the interview
subjects. However it is interesting to begin by reflecting on the result of a word fre-
quency analysis of the interview data, which is shown in Figure 2. Whilst this is just
an impressionistic view of the data, it nevertheless emphasises that policy is, in the
end, all about people, and that thinking about schooling, and what we hope to achieve
through it for our future citizens, is how policy is ultimately formed.

schooll
sch.oo S

think

Jus’ﬁreally
people

Fig. 2. Most frequent words from the interview data
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3.1  Creating or Updating Mobile Learning Policy

The first interview question related to whether governments should create or update
policies related to mobile learning, and if these policies should avoid blanket prohibi-
tions of mobile devices. The main themes that emerged from this question were dif-
fering philosophical viewpoints, with both global and local forces acting on policy.

Although there was general consensus that governments should create or update
mobile learning policies, the assertion that they should avoid blanket prohibitions of
mobile devices raised some debate from different philosophical viewpoints. There is
an argument, based on freedom of choice, that neither prohibition nor compulsion of
mobile devices is appropriate.

“Should they mandate the use or mandate the ban? I don't think either position is
healthy.” — Crown Agency

Some schools in New Zealand have had explicit bans in the past [6], though it is
not clear how many (if any) schools still have complete prohibition. On the other
hand, there was also recognition that blanket bans are in some contexts a means of
repression.

“If the government say you can't have a mobile device for the Internet, because then
you'll know what's going on in the country, that's an issue” - School

There was also recognition that there were global changes that might impact local
policy, but also an increasing emphasis on local, rather than national, action as the
driver of policy change.

“That's all been taken out of the hands of government. People are just using things
and so 1 think it's not a government policy ... a local policy, perhaps” - School

Nevertheless, local policies that have been enacted are often derived from common
templates provided by relevant organizations. In New Zealand, NetSafe [7] has devel-
oped a set of policy templates that schools can adapt to their own needs. These policy
templates cover cyber safety policy and use agreements for staff and students at dif-
ferent school levels (primary, intermediate and secondary.)

“A lot of schools start their policies off a NetSafe one because they can generate one
quite quickly ... very generic but it's New Zealand generated.” — Commercial Service
Provider

3.2  Teacher Training with Mobile Technologies

The analysis of the policy guideline that teachers should be trained to incorporate
mobile technologies into pedagogical practice focused mostly on digital skills re-
quirements and their impact on teacher training institutions. This aspect of policy was
seen as particularly important by many of the interviewees, though the term ‘teacher
education’ was felt to be more appropriate than ‘teacher training’ by our educational
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researcher. A point that was made by more than one interviewee was that common
assumptions about young people having good digital skills due to being ‘digital na-
tives’ are incorrect, and that, in fact, new student teachers are likely to enter (and
possibly leave) their professional education with traditional, conservative views of
teaching, and poorly developed digital skills, despite their familiarity with social me-
dia.

“You get the new grads who come in and, because they're on Facebook all the time,
think they know all there is to know” - Educational Trust.

“[the students] seriously speak out now about how frustrating it is to have a teacher
come in front of them in February and not know how to run a digital learning envi-
ronment for them” — Educational Trust

“[new teachers are] good at the social media, games that sort of thing, as are all
young people that we employ probably, but actually using it in a more constructive
way needs training”- School

A number of solutions to this problem, some of which are already being piloted,
were proposed to address this problem.

“One of the programs that we run is for ordinary teachers in our schools...2 day
intensive blocks in the holidays, we learn after school, we support them in their
classes” — Educational Trust

“We didn't get funding from the ministry but Google gave us a significant amount of
money ... we've taken 10 beginning teachers ... they are going through a digital im-
mersion programme” - Educational Trust

“Selecting out master teachers...if you want to be a teacher you actually get appren-
ticed to one of them...it changes the whole nature of how we train teachers” - School

“The new Masters of Teaching for instance, that this university's just begun as a pilot,
one of the underpinning things is about digital literacy” - Educational Researcher

From these concepts a theme of institutional change emerged to balance the rapid
evolution of digital skills requirements in the teaching profession. In particular, it can
be seen that new concepts in teacher education are being developed.

3.3 Educational Resources Available through Mobile Devices

This aspect of the policy guidelines states that curriculum, educational resources and
lesson plans should be made available to teachers via mobile devices. A number of
perspectives on this guideline emerged from the interviews. While it was generally
acknowledged that resources should be made available through mobile devices, a
number of subjects felt that this was in most cases just an extension of materials being
available in digital formats, regardless of whether a mobile device was used to access
the material.
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“The curriculum in New Zealand and educational resources are available already
online so that makes them available via mobile devices” - Educational Researcher

The issue of local context was important in this particular question, since it was felt
that making specific curricular material available was more relevant in countries with
fixed materials for a national curriculum, and not in countries where teaching content
is more locally managed.

“In some other countries there's much more central provision of curriculum re-
sources” — School

There was also some scepticism of the value of making lesson plans available.

“A lesson plan is only as good as the teacher teaching it and the class you're teaching
it with, so a lesson plan is never a Silver Bullet.” — Educational Researcher

The issue of creative commons was also raised. This was seen as important by a
number of interviewees to ensure that the correct copyright status was conferred on
shared material.

3.4 Incentives to Develop Learning Content

The analysis related to the guideline that incentives are created for developers to build
learning content specifically for mobile devices, including for local groups and lan-
guages, centred mainly on the conflicting pressures of cost and quality. In New Zealand,
the issue of local language is perhaps more important than in many other countries, due
to the status of the indigenous Maori language, Te Reo, and the support of Maori lan-
guage learning is of strategic importance to education in New Zealand [8]. Fishman
stresses the role of technology in sustaining indigenous languages [9], and significant
efforts have been made to develop mobile learning tools for the Maori language [10].

In their responses, the interviewees highlighted the issues of cost versus quality
(including local relevance.) There are clearly a number of forces at play in this area
which make for complex decision making. On the one hand, the move towards every-
one publishing themselves using social media and Web 2.0 tools has led to a common
perception that content should be free.

“People have the mind-set that you can get everything for nothing and why would [
pay? ... it's not that people can't afford it but we become accustomed to thinking it's
like air, why would you pay for it?” — School

However, a problem with free resources is that they often lack the quality control
processes that would be put in place by a professional publishing house.

“If you look back at the current model of producing resources...what comes out the
other end is something that's suitable for lots of people. When you've got an individ-
ual producing something ... those checks and balances are not in there any more.” —
School
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Perhaps as a result of the competition between free and purchased content, and the
pressures on traditional publishers to compete by migrating their content to digital
formats, new online forms of content delivery have become relatively more expen-
sive:

“The school has a $10,000 spend a year, say, on textbooks, where we get five years of
use. The model the publishers are talking about at the moment is ‘we’ll give you ac-
cess to our textbook for one year and then it disappears’, which adds up to a lot more
than $10,000, much more expensive.” — School

Thus there are competing pressures in the area of content generation, and it is clear
that market forces alone may not deliver all that is required. This is particularly true
where minority culture and languages need to be sustained and promoted.

“We need to ensure that the unique elements of New Zealand's culture are reflected in
content.” — Ministry of Education

This may mean that targeted incentives will be required to support digital content
in minority languages, if market forces will not deliver these resources.

“If the cash is predominantly English or Mandarin the developers and content pro-
ducers will go where the cash is. From an equity perspective...maybe there needs to
be some incentives for content developers and producers to deliver in as many lan-
guages as the world thinks is appropriate.” — Crown Agency

3.5 Gender Equality

The guidelines recommend that gender equality is ensured for mobile students by
ensuring women and girls as well as men and boys can leverage mobile technology
for learning. Although all respondents supported the concept of gender equality in
principle, there were some views on specific contexts and aspects that were high-
lighted. A number of the interviewees noted that the introduction of BYOD into
schools has addressed some aspects of the digital divide through access to ICTs. This
theme was certainly picked up by some of the interviewees, for example regarding the
effect in the classroom of each child having their own device, removing any digital
access divide that might have previously existed.

“All the girls having digital device...being in charge” — Local Government Organiza-
tion

Device access is not, of course, the only digital divide. Possession of ICT is “not
only a matter of material resources but also of the attractiveness of this technology
and the necessary skills to use it among people of different age and gender” [11
p-319]. The potential attractiveness and new affordances of mobile technology, spe-
cifically to female students, compared to older industrial images of technology, was
noted in some of our interviews.
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“It is different with something like mobile technology which is I guess ‘cleaner’ and
maybe lends itself to more visual thinking” - School

A common response from the interviewees was that in New Zealand schools, gen-
der inequality was not a distinct challenge, at least when compared to socio-economic
inequalities, which were generally seen as more pressing. Indeed it is recognised from
previous research that gender inequality in information technology in education varies
from country to country. For example Reinen and Plomp [12] noted that the United
States and Bulgaria were, for different reasons, much more gender equal in ICT edu-
cation than many other nations. New Zealand was not included in their data but would
likely follow the United States’ model (e.g. in terms of home access to computers and
female role models) and be more gender equal than many other nations.

If gender imbalance was seen to be being addressed in a positive way for female
students, there was also a potential down side. One interviewee commented that girls
seemed to be increasingly doing better than boys in some schools.

“It seems to be the boys who’ve got more barriers at co-ed schools” — Educational
Trust

This idea has certainly gained a lot of traction in recent years in a number of coun-
tries. In the UK, for example, there is concern at the underachievement of boys in
national assessments [13]. Evidence from the OECD suggests that this is certainly the
case in some subjects. However the picture is different when we focus on engineering
and science, or higher degrees; “Efforts to increase mathematics and science perform-
ance among girls...can promote gender equality even further in education. Mean-
while, initiatives to break down gender stereotypes in fields of study and progressive
corporate policies can increase women’s employment opportunities.” [14 p.4].

In fact the issue of gender inequality once female students leave school and enter
the workforce was raised as more significant by some of the interviewees.

“At a senior management level, the fortune 100 technology companies, less than 12
or 13 CEOs are female, 10% roughly, whereas I know at that level there's got the be
women in industry who are capable.” — Industry Organization

This issue is of course not confined to the boardroom; “The lack of women in lead-
ership positions is only a reflection of the low numbers of women in the sector over-
all” [15]. Recent international studies in the literature regarding women in the IT
workforce are limited but there are many country specific studies that are illuminat-
ing. For example a study of ICT training in the UK suggested that education alone
will not address the masculine norms of the IT industry, and will thus not remove
barriers to participation [16].

“The digital divide between genders tends to be around computer science and pro-
gramming [we need] to make things more open for women to get involved in coding
and application software development.” — Ministry of Education
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3.6  Connectivity and Equity

The UNESCO guidelines recommend that connectivity options are expanded and
improved while ensuring equity. In New Zealand, currently, a large scale government
initiative to roll out broadband access to all schools is already well under way, such
that it is possible to state that:

“No matter where you are you going to get fibre, you going to get your network up-
graded, you are going to have a wireless overlay, and the next bit of the puzzle is
Network for Learning” — Ministry of Education

This resonates with a common view that access to ICTs is becoming as much of a
basic human right as many other aspects of modern societies.

“Technology should be a right that we are able to extend access to much in the same
way as health care and education” — Industry Organization

It was, however, noted by more than one interviewee that a number of initiatives
that have taken, or are taking, place rely on some kind of short term investment fund-
ing.

“Subsidies are unsustainable over the long run” — Local Government Organization

“Hopefully [the teacher training initiative] will backfill into the teacher training sys-
tem because certainly what they're doing is not a sustainable, affordable program” —
School

The analysis for this theme suggests that equitable access to mobile learning asks
serious questions about socio—economic inequalities in wider society, and whether
equality of access can not only be provided but be sustained over the longer term.

3.7 Equal Access Strategies

The UNESCO guidelines suggest that strategies are developed to provide equal access
for all, which may involve various strategies for putting mobile devices into the hands
of learners, whether that is based on a Bring Your Own Device (BYOD) approach, a
leasing model, or some kind of centralized provision. The type of provision of mobile
devices will have an effect on the nature of the activities that can be undertaken using
them [17]. Thus decisions need to be made about the purpose of a BYOD programme
when deciding on what types of device should be allowed, recommended or man-
dated. Having an open policy may potentially lead to difficulties in effectively deli-
vering the curriculum.

“You may paint yourself into a corner if you’ve not got a good enough device. Does
that mean that the teaching has to go to the lowest common denominator?” — Com-
mercial Service Provider
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However the main issue of BYOD is an economic one, so schools may feel the
need to allow a mix of devices for financial reasons.

“BYOD has got a bad name .... the schools call it ‘device for learning’ just because it
seems to have got negative connotations...parents have to pay for a device” - Com-
mercial Service Provider

While BYOD approaches come with their own challenges, alternative models,
where devices are controlled and managed by the school, may result in a lack of
flexibility, and excessive management demands on the school’s ICT support infra-
structure.

“You buy the computer from the school, it’s a specific model, it gets attached to the
domain. That’s not BYOD any more, that’s a domain computer and it's controlled by
the school” - Commercial Service Provider

One positive development as schools group together into larger clusters to negoti-
ate procurement is that some economies of scale or even marketing power may be-
come evident.

“We purchase more devices per year than [large individual schools] do and we have
gone from being the amusement to having Apple come to us saying can we loan you 2
classes of iPads because you’re not using our devices” — Educational Trust

The analysis of this theme reveals that there are a number of different access models,
and that cost issues may impact on parents, students and teachers in different ways,
with no single model providing all the answers.

3.8 Safe, Responsible and Healthy Use of Mobile Technologies

The guidelines recommend that safe, responsible and healthy use of mobile technolo-
gies be promoted, including digital citizenship and management of potential health
risks. This recommendation therefore covers both social and physical concepts of
safety. A number of issues were raised by the interviewees around cyber safety. One
of the more interesting comments was that the whole concept of ‘safety’ did not reso-
nate with school students, and that other approaches had to be taken.

“We don't like to use ‘safe’ because no child feels unsafe about anything; sex, drugs,
the internet...kids just can't conceptualize any reason to be unsafe so we talk about
being ‘smart’” — Educational Trust

Further, digital citizenship was defined as being much broader than just issues of on-
line safety.
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“Digital citizenship is more than just safe and responsible use. It’s actually being
deeply critical and aware of what's out there and how other people use these things” -
Educational Researcher

In addressing potential health risks, there were frequent references to relying on
expert advice on the safety or otherwise of technologies such as Wi-Fi networks. The
issue of personal choice was also raised in this context, in that any parent who wished
to send their child to a school where they were not exposed to electromagnetic radia-
tion should be free to do so. In one New Zealand school, parents have campaigned
successfully to have Wi-Fi removed due to fears about possible cancer risks [18].
However, a number of interviewees raised the inescapable issue of background levels
of electromagnetic radiation that would be beyond the control of schools even if they
did not install their own wireless networks. These may occur both at home and in the
general environment, even in schools where there is no on-site wireless network.

“Parents have far more dangerous devices going on in their homes than is happening
in the schools” - Educational Trust

“At [...] school there is something which affects their wireless and it’s just this mas-
sive band of frequency ... so even if that school had no wireless network, students are
still getting it. There’s not a lot that they can do.” — Commercial Service Provider

3.9 Mobile Communication and Management

The guidelines recommend that mobile technology is used to improve communication
and education management, including the collection of educational information fol-
lowing a conflict or disaster. Not surprisingly, this particular aspect of the policy
guidelines resonated strongly with New Zealand stakeholders as a result of the Christ-
church earthquake in 2011. In the aftermath of the disaster, all schools were tempora-
rily closed, and all the students from nine of the city’s 163 schools had to be relocated
to other local schools because their own schools were too badly damaged to reopen
[19]. In addition, over 1,000 school students became ‘refugees’ in the neighboring
region of Otago, with others dispersed to even more distant areas of the country [20].

“The problem of schools having all of their material on site, and those sites then be-
coming inaccessible for periods of time” — Ministry of Education

“The continuity of education in Christchurch showed good role models on how some
schools managed really well because they did have their work out there on the web, in
the cloud, and others didn't” - School

ICT can contribute positively in post-earthquake recovery by enabling civic par-
ticipation [21]. The same effect is observable in educational participation.

“Even if the school itself wasn't functional the teacher was functioning” — Local Gov-
ernment Organization
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It was also felt that some broader education was needed around public use of
communication resources during a disaster:

“Maybe some policy around citizens’ behaviour, mobile device behaviour, in the
event of a disaster, to ensure that the network’s going to support the communications
needs associated with a disaster.” - Crown Agency

3.10 Advocacy, Leadership and Dialogue

The need for awareness of mobile learning to be raised through advocacy, leadership
and dialogue was acknowledged by all of the interviewees. Indeed, many of them saw
a major part of their role as addressing this aspect of policy. Perhaps the most impor-
tant aspect of dialogue highlighted during the interviews was that which takes place
between schools and parents.

“You have to involve parents really early, have to talk to them and meet them and
discuss, because all of those questions about policies come up. How are you going to
filter the Internet? How are you going to deal with broken devices or stolen devices?”
— Commercial Service Provider

One of the most interesting responses that emerged around advocacy and leader-
ship was the way that it is often the students, rather than the staff, who demonstrate
this in the classroom:

“They start sharing with each other, they start helping each other, those different
experts arise in the classroom” — Educational Researcher

4 Conclusions

This paper has reported on the results of an interview-based study designed to bench-
mark mobile learning policy in a developed, innovative nation against the UNESCO
mobile learning policy guidelines. The intent of this study was to gain new insights
into how generic policy guidelines may be implemented in practice, and to reveal
subthemes in the guidelines that will inform policymakers wishing to promote mobile
learning in different national and cultural contexts. The study reaffirms some core
recommendations, such as the need to introduce the use of mobile devices into teacher
education and the importance of maintaining equity. However the study also reveals
that, in some cases, the promotion of mobile learning may have to be balanced with
opposing principles such as user choice. The conflicting demands of cost and quality
have also emerged in more than one context, including the provision of mobile devic-
es and the sourcing of digital educational resources. It is therefore one role of policy
to ensure that market forces alone do not dictate practice, for example by ensuring
that indigenous language learning resources are provided. Further, some positive aims
of the policy, for example promoting gender equality, may prove to be highly com-
plex in practice due to specific local conditions. Throughout the analysis, it is clear
that in most cases, while the recommendations are seen as positive and worthy in their
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intents, the detail of policy on the ground will need to deal with conflicting demands,
philosophies and constraints. It is hoped that the New Zealand experience will be
informative for other policy makers around the world and help prepare them for build-
ing pathways to a better world.
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