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Preface

The fourth edition of the International ICST Conference on Mobile Wireless
Middleware, Operating Systems, and Applications (MobilWare 2011) was held
June 22-24, 2011, at the University of Westminster, London. The development
of mobile computing has revolutionized contemporary society and greatly influ-
enced its economic and social progress in the last decade. Nowadays, the rapid
emergence of innovative hardware and software products in this area is due to
the diligent work of both researchers and practitioners and the great synergy in
research and implementation across disciplines and geographical boundaries.

MobilWare 2011 was a three-day event with several high-quality technical
and scientific papers that emphasized many aspects of mobile computing ranging
from communication infrastructures, networks, to societal scale mobile applica-
tions and their impacts. The conference featured two keynote addresses on topics
of emerging relevance to the field of mobile computing. Lajos Hanzo’s keynote on
“Shannonian Lessons for Wireless, the ‘World-Wide Wait’ and ‘Green’ Radios”
contrasted lessons from theory with the practical constraints imposed on state-
of-the-art multimedia communicators. Gordon Blair’s keynote on “Revisiting
Interoperability: The Case for Emergent Middleware” discussed interoperabil-
ity challenges in enabling dynamic connectivity at run-time to match current
context and requirements of heterogeneous devices and applications. There were
regular tracks of technical paper presentations in relevant topic areas including
mobile sensor networks, SoC for mobile applications, networking platforms, mo-
bile distributed systems, and mobile frameworks. Highlights of the conference
included a special session on mobile systems in education organized by Daphne
Economou, a panel on “Novel Infrastructures and Applications for Mobile Com-
puting” (featuring views from experienced researchers) and a poster session. The
rich and diverse program provided new perspectives on research in mobile com-
puting. It was particularly positive to see research efforts of a number of young
researchers included as papers in these proceedings and in the associated Posters
Session.

We would like to take this opportunity to acknowledge some of the volunteer
leaders. We are all deeply indebted to Aza Swedin’s all encompassing support
in every aspect of conference planning and organization. Publicity Chairs Car-
los Becker Westphall and Panagiotis Chountas together with our excellent Web
Chair Carlo Giannelli provided substantial help for the publicity of Mobilware
2011. We are also indebted to our Local Chair Alexander Bolotov for his sup-
port and enthusiasm for the local arrangements. Also, I wish to thank all the
reviewers for contributing their time and expertise and thus providing invaluable
help in the selection process. I would like to thank the Organizing Committee
members, Special Session Chairs, the Technical Program Committee members,
and all reviewers who contributed immensely toward the success of this event.
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Finally and most importantly, thanks are due to all of the authors for their high-
quality research work, results, and papers that we are proud to publish in these
proceedings.

We very much look forward to another successful conference in 2012 in Italy
with MobilWare 2012, and in the forthcoming years.

Vladimir Getov
Stephan Steglich
Nalini Venkatasubramanian
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A-VIEW: Context-Aware Mobile E-Learning
for the Masses

Kamal Bijlanil, Shivsubramani Krishnamoorthyz,
Venkat Rangan', and Ranga Venkataraman'

! Amrita E-Learning Research Lab,

Amrita Vishwa Vidyapeetham, Amritapuri Campus, Kerala, India
{kamal,venkat}@amrita.edu, rangasv@am.amrita.edu
2MIND Lab, University of Maryland, College Park, MD 20842 USA
shiv@cs.umd.edu

Abstract. Developing countries typically have large populations in rural areas
with inadequate resources for quality education. Concurrently, low-cost mobile
devices are becoming quite popular in rural areas. The trends in the mobile
industry show that a variety of mobile devices and choices in connectivity are
becoming available and affordable. Synchronous e-learning is also starting to
show immense potential with expert instructors being available to train teachers
in other areas. The combination of these factors is unfolding a new era in
mobile e-learning where the ubiquity of connected mobile devices has provided
a tremendous potential for knowledge to reach large numbers of learners in
rural areas.

In this paper, we present a case study in a large developing country like
India where a major national initiative has been undertaken for providing e-
learning to the masses. This program is addressing issues like nation-wide
connectivity, affordable mobile devices and high-quality online content. As part
of this program, we contribute a highly scalable framework called A-VIEW
(Amrita Virtual Interactive E-Learning World) that provides live interaction
between expert trainers and large number of learners. A-VIEW is designed to
be context-aware, thus addressing the practical needs of a variety of users in
various strata of society according to their available infrastructure, connectivity,
bandwidth, local language and mode of learning.

Keywords: mobile learning, A-VIEW, m-learning, mobile UI, ACE.

1 Introduction

Developing countries face significant challenges when attempting to make learning
more accessible by using Internet technologies for poorer populations [1]. The
availability of new technologies like mobile devices has improved access from
developing economies to the world market, but they have done little to help deprived
groups gain access to educational opportunities. Limited Information Technology (IT)
infrastructure has been a major hurdle in developing countries. There is a need to

N. Venkatasubramanian et al. (Eds.): Mobilware 2011, LNICST 93, pp. 1—@ 2012.
© Institute for Computer Sciences, Social Informatics and Telecommunications Engineering 2012



2 K. Bijlani et al.

focus on and provide basic educational infrastructure to support low-cost, higher
quality access in rural and deprived areas. This is important not only for equal access
to learning, but also so that different groups may have the opportunity to contribute to
the development of global knowledge.

In this paper, we present a case in India where a national program NME-ICT
(National Mission on Education via ICT) is being implemented for providing mobile
education for the masses. This project is a billion-dollar initiative for providing e-
learning to the masses under the Ministry of Human Resources Development
(MHRD), Government of India and is described on the website, www.sakshat.ac.in.
The NME-ICT project has several facets for higher education. These include
developing affordable mobile device, national connectivity, online content consisting
of recorded lectures and other associated material like simulations, quizzes, and
several other supporting projects.

As part of this NME-ICT program, we contribute a highly scalable framework
called A-VIEW [2, 3] that provides live interaction between expert trainers and large
number of learners. The context-aware model of A-VIEW helps a variety of users
with different levels of access to IT infrastructure and connectivity to work in a
collaborative manner with other participants in the education process.

In the next section, we describe the situations in developing and developed
countries with regards to the education system and the potential of mobile
technologies in these nations. We show that affordable basic IT infrastructure is
necessary to dilute the digital divide between the rich and the poor. We discuss the
issues in using mobiles in large and developing nations. In Sections 3, we present the
A-VIEW framework and architecture, and show that it is able to address the needs of
a wide variety of users, irrespective of their hardware and connectivity. We show that
the context-aware capability of A-VIEW provides a custom solution and thus it is
highly beneficial to a large variety of users. The synergistic approach of the A-VIEW
server architecture with the national private educational network provides a strong
foundation for making e-learning and m-learning practical and affordable to every
learner in India. Initial user feedback from a survey of 300 professors around the
country shows that A-VIEW is almost as good as a real class and easy to use.

2 Mobile Technologies in Developing Nations - A Potential
Platform

In this section we discuss about how developing nations can benefit from mobile
technologies. In developing countries the penetration rate of mobile phones surpasses
that of desktop computers. The number of mobile internet users especially in
developing countries has grown nearly five times in the last five years. For example,
India has emerged as the second largest consumer of mobile Internet, after the US.
India, with its 35+ million mobile internet users, ranks No.2 in the world. Around 14
billion web pages were viewed by Indian mobile internet users in February 2010. The
number of new data connections added globally this year will be higher on the mobile
than on the PC. According to industry estimates total internet penetration in India is
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about 7%-8% and out of that 4-5% internet is accessed through mobiles.
Experts claim that mobile internet usage in India will touch 250+ million by 2015. By
2013, mobile phones will overtake PCs as the most common Web access device
worldwide. According to Gartner’s PC installed base forecast, by 2013, the combined
installed base of smart phones and browser-equipped enhanced phones will exceed
1.82 billion units and will be greater than the installed base for PCs thereafter [4].

The numbers in Table 1 show how internet usage through mobile devices is high in
developing nations, even when compared to the developed nations [5].

Table 1. Percentage of mobile web only users

Comtry mobile-only Country moble-only
Egypt 70% Indonesia 44%
India 59% Thailand 32%
South Africa 57% China 30%
Ghana 55% us 25%
Kenya 54% UK 22%
Nigeria 50% Russia 19%
Source: On Device Research (December 2010) Survey group:15,204

The aim of mobile e-learning in developing countries is different from those of
developed countries. In developed countries, motives to widen participation and
lifelong learning for non-traditional learners are closely linked to the development of
a strong knowledge economy. In contrast, developing countries’ motives for m-
learning are to provide basic and literacy education to large numbers of poor people
[6]. The so-called 'digital divide' between rich and poor countries remains unchanged.
Despite significant improvements in the developing world, the gap between the
Information and Communication technologies (ICT) haves and have-nots remains.

A number of factors are responsible for the low academic achievement in
developing countries like India. Inequalities in access to education continue to pose
major barriers in the developing world, and the delivery of cost-effective and quality
education remains a persistent problem. Higher drop out ratios is being witnessed.
Retaining students is an uphill task due to high teacher absenteeism, lack of adequate
number of staff and low teacher motivation. There is also a lack of adequate training
for teachers. Educational surveys have revealed that teaching activities are often
limited to reading from textbooks, keeping children busy with written exercises,
making them read aloud or memorize passages leading to student’s poor performance.
Most government schools lack basic amenities like electricity, drinking water and
toilets, proper furniture, playgrounds or adequate lighting and ventilation in
classrooms. The availability of resources is mainly concentrated in the urban regions.
A mechanism that enables the rural population to tap these resources will be highly
worthwhile.
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Apart from the aforesaid, it’s crucial to have a study into the following
information. There are 2351858 primary schools, 534 universities [7], 6014
non-technical colleges [7] and 669 technical institutions in the country. In spite of this
statistics, Indian education sector face the grave challenge of imparting right
education to children. There is lack of adequate Infrastructure to meet the need of 26
million babies born in India each year. The enrolment ratio is 7 % in higher education.
Moreover, India needs 2000-3000 universities in next 10 years. NKC puts the
requirement to 1500 universities by 2015 to increase the enrolment ratio from 7 to
15%. In total, the need for educational institutions has quadrupled.

In the attempt to find viable solutions to these challenges, much hope has been
placed in new information and communication technologies (ICTs), mobile phones
being one example. Of the many different forms of ICTs, taking account that the vast
majority of mobile phones support Internet browsing in local mode, mobile Web
services have grounds to flourish; mobile phones are thought, for several reasons, to
be a particularly suitable tool for advancing education in developing regions. Mobile
devices now allow teaching institutions to experiment with bringing distance teaching
and learning to even more remote audiences. Mobile phone, the most prevalent ICT in
the developing world, are an especially good ‘leap frogger’ since they use the radio
spectrum and has to its credit greater user population and market potential. In addition
to voice communication, mobile phones allow the transfer of data, which can be
particularly useful for delivering educational content over long distances, even on a
real time basis.

Table 2. India’s current situation on the availabilities of mobile devices based on the strata of
society

Different Cost in

strata in Mobile device INR (Rs.) Language Bandwidth

society

Upper class  High definition 15,000- Speaks English, High
mobiles such as 35, 000 and other Indian Connectivity.
Smart phones and languages also. 512Kbps-7 Mbps
high end 3G
Mobiles.

Middleclass Middle range 3G 4,000- Speaks, local Medium
Phones and Edge 15, 000 language but often  connectivity.
supported phones. English. 56Kbps-2 Mbps

Rural class  Low-range mobile 600- Speaks only local Low
phones 4,000 language. connectivity.

28 Kbps

Another assuring trend in developing countries like India is that mobile devices are
becoming more affordable, thus becoming common even in the rural areas. Table 2
shows the current situation in India on the kinds of resources that are available on a
mobile device to the masses in the different strata of the society. Based on Table 2, a
graph has been plotted, Fig. 1. It shows estimation about an exponential increase in
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the number of smart phone users. The NME-ICT project described earlier has an
objective of providing a mobile wireless tablet device to a large number of learners at
a subsidized rate. If the price of this device is brought down, millions of learners will
be able to afford such a smart mobile device. Along with connectivity and good
bandwidth, this will bring e-learning knowledge resources to a large number of
learners. Thus mobile e-learning approach will definitely prove effective.

s

1000000

100000

10000

1000

Number of Learners -

0,500 450 400 350 300 250 200 150 100 50 o

Cost of Mobile phones ($) —

7 S aa,
{77} upper ciass [ middie class

Fig. 1. Graph showing cost of mobile phones v/s number of learners in different strata of
society

2.1  Challenges

Unlike developed countries, developing countries see an evident divide between the
rural and urban areas in the different strata of the society; there are few critical
challenges that need to be addressed.

Display. With different kinds of mobile devices available today, a different challenge
of user interface is also to be addressed. Tablets and smart phones have different
screen resolutions and the user interface needs to adapt to the available space and
provide the education content most effectively.

Bandwidth. Urban areas have the luxury of high bandwidth connectivity. Urban India
is seeing the surge of broadband connectivity with the availability of 3G networks.
But the rural areas are yet to catch up. Therefore, a mobile learning system should not
only be able to leverage upon the availability of high bandwidth but also should be
able to perform efficiently in a low bandwidth situation.

Language. India possesses diversified languages similar to Europe. Therefore, to
implement mobile learning in a country like India we have to first take up the gauntlet
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of localization of mobile learning content. Information can closely be knitted to the
native language reading level or learning style of the user and could tailor
programmed information into the handheld device.

3 A-VIEW: Synchronous Collaborative E-Learning
Framework

In this section, we present the National Mission on Education via ICT (NME-ICT)
project as a case study for distributing m-learning. This project is a billion-dollar
initiative for providing e-learning to the masses under the Ministry of Human
Resources Development (MHRD), Government of India and is described on the
website, www.sakshat.ac.in. The NME-ICT project has several facets for higher
education. These include developing high mobile device, national connectivity, and
online content consisting of recorded lectures and other associated material like
simulations, quizzes, etc.

As part of this NME-ICT program, we contribute a highly scalable framework
called A-VIEW that provides live interaction between expert trainers and large
number of learners. A-VIEW is designed to be context-aware, addressing the needs of
a variety of users according to their available infrastructure, connectivity bandwidth,
language and mode of learning; thus providing a practical solution for the various
strata of society.

With its live teaching platform, A-VIEW delivers knowledge in a collaborative
environment. In this framework, we target a set of nodes or places that are physically
distant to be connected by an eLearning network. It consists of a set of tools that are
provided for Live Lectures. The assumption is that the class can be transmitted
simultaneously to a set of nodes. Several tools are provided for the instructor to use in
a live lecture. The instructor has the ability to interact with the students, and there are
tools for testing the awareness and basic understanding of the students during the
class. During the live lecture, each receiving node becomes a live virtual university.
The instructor can interact with each location, and they can share resources. The
instructor node and all the student nodes together form the virtual world during the
live lecture.

A-VIEW is based on a mapping between a real and virtual classroom. It includes
all the entities used in a classroom like teacher video for a real teacher, whiteboard for
blackboard and documents for textbooks (with real-time automatic synchronizing
feature). Apart from this, using A-VIEW, lectures can be recorded and viewed later.

3.1 A-VIEW Client-Side Architecture

Fig. 2 shows the client-side architecture for A-VIEW. This is the overall process for
synchronous live interaction between the instructor and the learners. The instructor
video is processed and encoded at multiple bitrates. This can be received by the
learners at different bandwidths depending on their available infrastructure. For
example, the high-quality stream can be received by a large class room or seminar
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hall in which multiple large displays are available to be handled independently. The
four major display components are the instructor video, the whiteboard, the
presentation slides and an interaction window for chat and hand-raise facility.
These four components can also be combined together as a single display. Figure xxx
shows how the components can be viewed in multiple displays. The single display
can be viewed on a desktop, laptop, tablet or a mobile phone. The A-VIEW system
provides adaptive bitrates according to the available bandwidth. Thus, the image
quality is dynamically adjusted so as to achieve optimum performance.

1’E Teacher Video

High Quality Stream
—_—

Medium Quality Stream w Medium Quality
— s —

Low Quality Stream Streammd server
—_—

Encoding Process

Fig. 2. A-VIEW Client-Side Architecture

3.2 A-VIEW Server-Side Architecture

The ACE (Architecture for Collaborative Environments) framework that is discussed
in our previous work [8], is implemented based on a distributed client-server
architecture, primarily consisting of two server clusters (active and passive servers as
shown in Fig. 3), that communicate among each other. The active cluster consists of
live media servers and content servers, while the passive cluster consists of database
servers and content servers. Users who are logging into A-VIEW get connected to
passive servers and download all the needed files (e.g. 2D/3D graphics and
documents needed for the session); after successful downloading, they are connected
to active server. In short, the active cluster serves the live users and the passive cluster
initializes the newly logged in users. This provides a practical way for load-balancing
the servers. As the content in the active servers get updated by the live users, it is
incrementally transmitted to the passive servers. Thus, the passive servers maintain an
updated copy of the multimedia content.
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Active Server Passive Server

LM .
| C2

Live Media Server C Content Server DB Database Server

Fig. 3. A-VIEW Server-Side Architecture

As a part of the NME-ICT project, the clusters of servers are strategically placed
all over the country to provide accessibility, minimize latency, and improve
throughput. Various heuristics are used to minimize the use of bandwidth in the A-
VIEW application [2].

3.3 A-VIEW and Its Features

Some of the distinguishing features of A-VIEW are:

e Configurable Multiple Displays (One to Many). A-VIEW can be run on
any number of displays/screens based on the need of the user.

e Adaptive Bandwidth Usage (56k to 2MB). Depending on the available
bandwidth, video quality will be adjusted automatically

e No Proprietary Hardware: A-VIEW uses existing hardware that is
available like desktop, webcam, microphone

e Crystal Clear Live Document Sharing. Documents or presentations can be
shared with the available best quality at real time

e Multi Device Compatible Whiteboard. To share users’ annotations with
other users using mouse or writing pads

e 2d/3d based animation/collaborative elements. To share animations
(2D/3D) preserving their quality at real time

3.4 A-VIEW on Mobile Devices

A-VIEW has been designed to work in a variety of devices like desktop, laptops,
tablets and mobile phones. Irrespective of the device on which A-VIEW is used on, it
imparts the same experience to the users. One important aspect of A-VIEW is that it
takes into consideration the context of the user and the device used for running the
same. Fig. 4 shows A-VIEW running on an Android Tablet.
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Fig. 4. A-VIEW in Tablet (Android)

2D, 3D based contents & animations can be given as a complete package of
collaborative elements which can be customized for the different versions of mobile
in an effective approach which could serve mobile learning in a better way. Fig. 5
shows a 3D model of human brain in mobile A-VIEW; it helps students to have a 3-
dimensional look and feel of the brain.

Fig. 5. 3D animation content (human brain) on Mobile A-VIEW (Android)

3.5 Mobile Quiz (On Simple Mobile Device)

Students can answer a quiz using desktops or mobile phones with internet connection
or through SMS(Short Message Service). Mobile Quiz enables students to answer a
quiz even when students are not present in their classrooms/centers. The student has
to use the same number given during the initial registration process of A-VIEW. This
feature helps the students in rural areas to attend the quizzes from their home or
school on a simple mobile device, where internet connectivity is not provided.

The list of quizzes that the student has enabled as part of their course will appear
on the client display once the teacher has done the settings for the same. The quiz can
be answered through online or offline, through SMS. The application will evaluate
responses to the quiz questions online & will display results at the end of the session,
along with correct answers. For teacher, it also shows the number of students that
have marked the correct answer, which can be used for knowing the level of
understanding o the students about that particular course or topic.



10 K. Bijlani et al.

2 sem

5 3 Whitsbowd 0 ShammDwikiop (2) iz
[]

L _EE PN Y RNEY Y |65 ) e

Setegs e Rekuh
Ui O Stebent Vides | Answer Sheet Analysis [ *] ‘
ama st
1. What is 37 degree Celsius in Fahrenheit?

g s
&

P et [] Answer :a
[

T s e}

&

80%

B percentage of students wha gave correct answer
\-/) 3 i B percentage of students who Qave wrang answer
Aecre

[reser: e

Usar conmected. Video connected. Whitaboard connected. Document connected. Chat connected,

Fig. 7. Answer sheet analysis: A feature of quiz module which provides the percentage of

students who gave the correct answer

3.6  Mobile User Interface

Designing user interfaces for various devices of different sizes poses a challenge.
When the overall space available for the user interface is minimal, like a mobile
device, the traditional design for user interface may not be effective. We completely
abide with the Visual Info seeking mantra: Overview First, Filter and then Details-

on-Demand, as proposed by [9].

Fig. 8. Cluttered conventional UI of A-VIEW in mobile phones
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Using this paradigm the A-VIEW user interface has been designed exclusively for
mobile phones. The overview is provided first; for example every feature like video,
chat, whiteboard, document sharing etc can be viewed as a separate window with a
single movement on the icons. The idea behind this simple User Interface is to save
space and give better accessibility. Also the details are given as needed.

A-VIEW LOGIN Select Course

ITS4035 Virtual Reality
User Name

Home

Password

Server

Library

A-View Test Server

Remember me
Signin Reset

feedback

a5 238
Presenter Video _® # [l Cocument sharing

(d) (e) (®

Fig. 9. Screen shots of the redesigned user interface of A-VIEW for MOBILE: (a) Login
screen; (b) Home Screen; (c) List of Courses Screen; (d) Video Screen; (e) Whiteboard Screen;
(f) Document Sharing Screen

3.7 Multiple Language Support

India possesses diversified languages similar to Europe. Therefore, to implement
mobile learning in a country like India we have to understand localization of mobile
learning content. Information can closely be knitted to the native language reading
level or learning style of the user. The user interface controls can be made available in
different languages. Also, the content is made available in different languages.
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Fig. 10. A teacher taking classes in Hindi using A-VIEW

3.8 Context-Aware Mobile E-Learning

As described in the previous sections, A-VIEW is designed to be context aware so
that every user receives optimum performance based on their available infrastructure
like the type of hardware, number of displays, connectivity and the available
bandwidth. This allows all types of users in various areas to access an A-VIEW live
and interact seamlessly with the instructor.

The context-aware mechanism enables switching between the different media
modalities to provide a more wholesome experience for the end-user. The context-
aware framework is best suited for the rural areas with the adaptive bit-rate
mechanism, according to the bandwidth available. The application is also available in
different regional languages such as Hindi, Malayalam, etc....

3.9 Train the Trainers: Reaching the Masses

The A-VIEW network can be used by an expert trainer for imparting professional
training in any field to the novice or inexperienced trainers. For example, the Teacher
Empowerment program was initiated by IIT- Bombay for improving the quality of
teachers. The vision for this program has been provided by Dr. Deepak Phatak. Over
1000 college teachers from around 500 professional institutions gathered at 32 nodal
centers across the country and attended a 2-week online workshop from 13th to 22nd
December 2010. The session was led by Dr. Sudarshan, IIT Bombay Professor and a
renowned author of the standard international textbook on Database Systems. These
32 remote centers used the A-VIEW (Amrita Virtual Interactive E-Learning World)
system developed by Amrita University.
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Fig. 11. “Train the Trainers” can result in large number of trainees

4 Conclusion and Future Works

Previous works have indicated that lack of proper IT infrastructure is a major hurdle
in providing e-learning for the masses. In this paper, we presented a case study in a
large developing country like India where a large national initiative has been
undertaken for providing e-learning to every interested learner. This program is
addressing issues like nation-wide connectivity, affordable mobile devices and high-
quality online content. As part of this program, we contribute a highly scalable
framework called A-VIEW (Amrita Virtual Interactive E-Learning World) that
provides live interaction between expert trainers and large number of learners. A-
VIEW is designed to be context-aware, thus addressing the needs of a variety of users
according to their available infrastructure: hardware, connectivity, bandwidth,
language and mode of learning; thus providing a practical solution for the various
strata of society.

Although cheap mobiles are getting very popular in developing nations, affordable
smart mobile devices and connectivity are also needed so that m-learning can be
effective. Expert teachers are few in number, yet, synchronous e-learning is starting to
show immense potential with ‘Training the Trainers’ type of programs becoming
practical with distance and location no longer being a barrier. In this regard, the role
of context-aware ubiquitous mobile devices is pivotal to tap into the pools of global
knowledge and quench the thirst of education in the large numbers of learners in rural
and deprived areas in developing countries.
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Thousands of learners are using the existing A-VIEW system in higher education,
and the initial feedback is extremely promising. We are conducting several empirical
studies with a large number of users. The use of mobile A-VIEW is being extended to
vocational training, schools, and governance of rural communities.
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the National Mission on Education (NME-ICT [MHRD]) and Amrita Vishwa
Vidyapeetham. In particular we would like to thank Mr. N.K. Sinha (NME-ICT) for
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Abstract. This paper introduces an approach of using mobile Aug-
mented Reality (mobile-AR) in cultural organisations, such as muse-
ums and archaeological sites, for information provision and enhancing
the visiting experience. We demonstrate our approach by presenting a
mobile-AR educational game for iPhones that has been developed for
the archaeological site and the exhibition area at Sutton Hoo. This pilot
aids visitors’ understanding of the site and its history via an engaging
and playful game that connects the site with the British Museum where
the objects that have been excavated from the site are exhibited. The
paper discusses stakeholders’ requirements, the system architecture and
concludes with lessons learned and future work.

Keywords: Augmented Reality, smartphones, mobile-AR games, cul-
tural heritage, ARToolkit.

1 Introduction

In recent years, mobile phones and particularly smartphones, have developed into
an ideal platform for AR applications. This is significant because the widespread
adoption of smartphones means that this platform could be one of the dominant
platforms for AR applications in the near future. Mobile AR has been named
as one of the top 10 emerging technologies by MIT [I]. The potential of AR is
huge, particularly in the mobile space where research firm ARCchart forecasts
that by 2015 2.2 billion AR-enabled phones will be present in the market [2].
That growth has opened up a plethora of new possibilities in learning, teaching,
and the creative sector.

Current technology allows researchers and visual artists to investigate a va-
riety of application possibilities using mobile-AR in domains not commonly as-
sociated with computer technologies. Such domains are cultural heritage, and
performing arts [BME5I6T]. The current study investigates the possibilities of-
fered by mobile-AR in cultural organisations like museums and archaeological
sites without necessarily investing in buying hardware infrastructure, but taking
advantage of devices own by the visitors. A survey in Europe showed that 35% of

N. Venkatasubramanian et al. (Eds.): Mobilware 2011, LNICST 93, pp. 15-E2] 2012.
© Institute for Computer Sciences, Social Informatics and Telecommunications Engineering 2012
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museums have already incorporated Virtual Reality (VR) and AR presentations
to enhance their exhibitions [5]. While some projects are at an initial stage, the
rapidly growing number is an indication that museums start to understand that
AR can be an effective way to build user interest in museum collections and
exhibits by engaging users and prompting their participation within an exhibit.
Studies also, have shown that AR could provide an alternative mean for naviga-
tion, interaction and orientation in a museum especially when museums do not
have the space and resources required to exhibit their whole collection or the
nature of some of the objects prevent the museums to make them available to
the public.

While most of the studies in museums have been conducted indoors, there is
little literature involving outdoor mobile-AR without the use of fully embodied
and wearable systems [89]. It is more challenging to move an AR application
outdoor, into archaeological places and excavations where interactive storytelling
and environmental conditions could play a significant role in the user’s experi-
ence. Such a system would require an intuitive human-computer interface based
on metaphors, hotspots, logical clues, and portable technology. The users should
be able to interact with digital content naturally and get augmented informa-
tion of the excavated objects. Furthermore, the system should provide solutions
that enable the comparison and identification of artifacts, in different historical
periods, found in the specific archaeological place.

This paper presents an example of a multi-user mobile-AR educational ap-
plication for the Sutton Hoo site, a group of Anglo-Saxon burial mounds, for
SmartPhones. The site combines indoors and outdoors points of interest that
need to be connected. The AR tour is delivered in the form of a team-oriented
puzzle game. A number of teams of children visitors, age between 11 and 16,
are cast into the role of investigators trying to solve a number of puzzles that
involve finding specific exhibits from the excavation site. Every real excavated
object is augmented by its virtual counterpart in its physical environment with
the use of mobile-AR. The information space embeds all exhibits into the game
storyline and carries visitors along the Sutton Hoo site in an exciting way.

The remainder of the paper is organised as follows. Section 2 discusses the
potential of mobile-AR game-based in learning. Section 3 presents the Sutton-
Hoo case study. Section 4 discusses the interface aspects of mobile-AR and the
system architecture of the application, before we conclude in Section 5.

2 AR-Mobile in Education

One of the most promising aspects of AR is that it can be used for visual
and highly interactive forms of game-based learning as presented in this paper.
Learners are provided with a new tool that allows them to enhance the existing
environment by augmented it with extended knowledge. Learning activities can
follow different pedagogical approaches. The theory of Flow has been introduced
in game-based learning approach which addresses the issue of focusing in a learn-
ing activity and examines the issue of immersion. The psychologist M. Csikszent-
mihalyi [10] defined the optimal learning experience in the Flow theory which
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alms to achieve clear goals, concentration, a loss of feeling of self-consciousness,
distorted sense of time, immediate feedback of the current activity, balancing of
ability level against challenge, a sense of personal control, a motivated rewarding
activity, and high level of involvement in the proposed activity. This theory has
been applied to video games but also to educational activities [I1].

The mobile-AR application discussed in this project incorporates: conven-
tional game-play mechanisms including interactive narrative and setting; master
goal divided into subtasks; choice and collaboration through which are intended
to enhance historical content interpretation; user engagement and inspiration. In
addition, novel pervasive game features are introduced to it with three types of
expansion: temporal, spatial, and social [12]. Temporal expansion defines game
sessions as possibly unlimited actions without explicit start or stop. Spatial ex-
pansion reflects the impact of the real world as a ‘playground’ in the game
environment. Social expansion takes into account multi-players that share the
playground. By integrating with these game-play features, dynamic simulation,
rich media datasets, and augmented content can be brought into a learner’s per-
sonal space at a scale and in a form easy to understand and work with others at
a social level through the mobile platform for communication and collaboration.

Thanks to these innovative features, it is seen that mobile-AR system can be
used to enhance various types of learning practices for Technology Enhanced
Learning (TEL) in terms of the creation, distribution, and access of learning
resources, collaboration and interaction, time and location independency, role
changing, and achievement of learning outcomes. In a broader context of educa-
tion, mobile-AR is appealing because it aligns with pervasive learning by offering
the technological innovations to the learner and their learning environment that
can support the delivery of flexible, seamless and personalised learning activities
to learners.

3 Sutton Hoo Case Study

The Sutton Hoo archaeological site is widely known about the burial ship which
is believed to be of an Anglo-Saxon King. However, what the site is really about
is a group of Anglo-Saxon burial mounds overlooking the River Deben in south-
east Suffolk, England containing artefacts from various periods of time, the most
important of which containing a sand-impression of a 27 metres ship which is
positioned around the 599 to 625AD and is believed to be the burial ship of an
Anglo-Saxon King. In the middle of the ship a burial chamber was found with a
deposit containing over 260 artefacts. The treasure includes weapons, symbolic
objects, gold and garnet jewellery, Byzantine silver, personal items, and objects
associated with music and feasting, a king’s helmet. However, when the visitors
arrive at the site they do not see a burial ship and any of the aforementioned
artefacts. After the completion of the excavation the mounds were closed and
only one has been reconstructed to its original 7th century size. Most of the
artefacts found at the site are on display in the British Museum and only very
limited objects and replicas are on display at an exhibition area at the site.
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For the visitor to appreciate the importance of the site, information needs to
be provided about various periods of times, such as the medieval period, as well
as the early 20th century when the excavation took place. Three places need
to be connected: the Tranmer House (Edith Pretty’s house the land owner who
initiated the excavation); the archaeological site; and the exhibition area that
consists of limited original objects found at the site, series of photos that provide
information about the excavation, replicas of objects and explanatory material
and a reconstruction of the Anglo-Saxon King burial chamber. There are also
certain characters that are important for the cultural heritage of the site such
as: Mrs Edith Pretty, the owner of the Sutton Hoo Estate; Basil Brown, a local
archaeologist who began the excavation of the largest mound on the site; Charles
Phillips, the archaeologist that coordinated and completed the excavation. So
there is a requirement for connecting the three points of interest and British
Museum and augmenting information over the real environment in order to aid
the visitors understanding about the site.

The application targets key stage 3 and 4 children (11 — 16 years old) visiting
in groups, or with their parents. The application can be downloaded at visitors’
iPhones and involves them in a scenario where they have to use the application
to explore the site and discover objects that are offerings to the "Dead King”.
The application consists of two versions: a standalone that can be played by
individual ad-hoc visitors and one which is multiplayer and is based on the fact
that organised groups of visitors participate at the same time at Sutton Hoo and
at British Museum.

In the standalone scenario the navigation starts at the reception area, the visi-
tors take the role of Basil Brown who has been invited by Mrs Edith Pretty to start
the excavation of the mounds. The application guides the visitors to the Tranmer
House to meet Mrs Pretty. Then Mrs Pretty directs them to the dinning room
where by pointing their iPhone on markers placed on the bay window the visi-
tors see the mounds as they used to be before the excavation (see Figure[l). The
visitors are then guided to the excavation area and are directed to start the ex-
cavation at mound 2. The users are provided with a basic archaeological toolset
that contains: a hand shovel; a trowel; a hand brush; and a find bag that plays the
role of a repository of objects that have been found. The visitors pick up a tool
and start digging. Tapping on the screen indicates the duration of the particular
action with the selected tool. After several taps an artefact is partially revealed
and the application indicates the user to choose the appropriate tool to fully re-
veal the object of importance. Markers placed at wooden stitches on a fence that
surrounds the archaeological site help superimposing multimedia content on top
of a phone’s camera feed of the real environment. This content is photographs that
show how the site looked during the excavation and after continuing the tapping
on the screen with a different tool selected, such as a brush, a 3D reconstruction
of artefacts is being revealed. Then the application involves the visitors in series
of quizzes and puzzles about the objects that have been found in order to help
them decide if the objects found could be offerings to the Dead King. Once all the
objects of a particular mound have been excavated, then the application guides
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Fig. 1. A sample view of superimposed information with location and direction to the
next mound. The inventory at the bottom of the screen displays the artefacts found in
this mound. Location of next mound is shown on top corner.

the visitors to the next mound to be excavated. Once the visitors have finished
the excavation and based on the information they have collected so far they have
to decide which of the collected objects are offerings. Then the visitors are guided
to the exhibition area with the reconstruction of the burial chamber to offer those
to the Dead King. Once the visitors reach the exhibition area they can walk
through the reconstruction of the burial chamber and then it is revealed to them
if the objects that they found are offerings or not.

The networked version of the application connects with the British Museum
and is based on the fact that at least two groups of visitors participate simulta-
neously at both sites. The visitors are involved in a treasure hunt scenario where
the ones at British Museum are more knowledgeable and guide the ones at Sut-
ton Hoo to find the required objects via a list of clues that they give them. The
visitors at British Museum use a web based application that provides informa-
tion about the visitors at Sutton Hoo location, the objects that they have found
and feed from their phone’s camera. The application allows the remotely located
groups to communicate with each other by instant messaging. The visitors at
Sutton Hoo use their phones to get instructions, directions and clues. The tools
for the excavation and the augmented content are the same for the ones provided
by the standalone application.

The winners of the game in both the standalone and the networked versions of
the application are the ones that identify correctly the objects that are offerings
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to the Dead King in the shortest period of time. To increase competition the
application provides some information about the stage of other groups that have
started playing the game at the same time.

4 System Architecture

Tracking rectangular fiducial markers is one of the most widely used tracking
solutions for mobile-AR applications. In recent years, many researchers have
worked towards the development of different APIs for mobile devices with the
most widely used the ARToolkit API [T5]. Originally, the ARToolkit was designed
to run only on standard PCs but AR researchers like Wagner [13] and Henrys-
son [I4] extended the ARToolkit tracking library to different phone
platforms.

For the Sutton Hoo mobile-AR project (SHMAR) the iPhone 4 is used, since
its wide screen and OpenCL technology for high performance computing, makes
it ideal for high resolution object visualisation and real-time game interaction, es-
pecially in an outdoor environment. The proposed system uses the ARToolkit for
i0S development platform, and the location-based educational game is written in
Objective-C. OpenGL ES, which is a subset of OpenGL made for mobile phones
and other embedded devices, is used for the 3D rendering. For marker track-
ing and pose estimation, a software development kit called Studierstube Tracker
(StbTracker) is used for the creation of multiple markers. Figure [ presents an
example of multiple markers on the left, with virtual objects projected on the
markers on the right. The system incorporates a database server for the infor-
mation space, providing the multimedia content on demand, making it scalable
to a large number of visitors. The multimedia database is stored along with at-
tributes that relate each artefact to the geographic position. GPS information
extracted from the image tags, allow us to augment the images with navigational

Fig. 2. Virtual objects superimposed on different markers
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arrows and direct the visitors to the different mounds. The communication is ex-
tended to include different place sharing of information, so that a number of new
collaborative interactions are enabled, for example, guiding users to the differ-
ent mounds and confirming object selection from the excavation site. A basic
workflow of the SHMAR project at run-time is outlined in Figure Bl
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Fig. 3. Architecture of SHMAR visualisation system

5 Conclusions and Future Work

In this paper we present an approach for designing mobile-AR, applications to
enhance the visiting experience at cultural sites by providing information and
interpretations about the sites objects of interest. We demonstrate this by pre-
senting a mobile-AR educational game for iPhones that has been developed for
aiding visitor’s understanding about the archaeological site and the exhibition
area at Sutton Hoo. The paper presents the combination of various technolog-
ical advances, such as mobile wireless technologies, AR, multimedia and game
technologies that have all been brought together in a cultural context to pro-
vide meaningful information in a playful and engaging way. The application
demonstrates that mobile-AR technology offers great opportunities to cultural
organisations for providing added value to their visitors experience by investing
in developing applications for hardware owned by their visitors.

Currently the networked version of the project is developed. Once this part
of the project is completed a study on site with real users will provide evidence
about the effectiveness of the application in improving the visitors understanding
about the site, enhancing the visiting experience and addressing the visitors’ and
the cultural organisations’ requirements.
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Over the last decade information and communication technology have transformed
the way in which we communicate, interact and learn as a community to our own
sense of personal space, time and privacy. New forms of learning have emerged like
e-learning which is the most recent development of computer-supported collaborative
learning (CSCL) [1] — one of the most promising innovations to improve teaching and
learning with the aid of modern information and communication technology.
Networked communication systems serve as specific media to support e-learning
processes [ 2]. E-learning applications and processes include Web-based learning,
computer-based learning, virtual classroom opportunities and digital collaboration.
The content which is disseminated to support e-learning has the form of text, images,
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Abstract. Educational organisations hold lots of valuable information and
material in different forms that needs to be communicated to people with
different profiles anytime, anywhere. Mobile phones offer great opportunities of
accessing such information and services by using hardware owned by
Educational Organizations’ members. This paper studies the requirements for
such mobile learning (m-learning) tools for information and services provision
to support learning and teaching and enhance student experience and
satisfaction. To demonstrate this it uses the WMIN-MOBILE project as a case
study. The WMIN-MOBILE is a prototype that provides general information
about the School of Electronics and Computer Science (ECS) at the University
of Westminster (UoW) and services like announcements, timetable and lab
facilities and availability. The paper justifies the educational value of such m-
learning tools and reports requirements for developing such tools. It further
describes the WMIN-MOBILE system design and architecture and concludes
with lessons learned and further work.

Keywords: m-learning, educational mobile, market analysis, web services,
J2EE, JDBC, SOAP.
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Mobile devices and wireless technologies nowadays offer a number of important
characteristics  including: increasing portability; functionality; multimedia
convergence; ubiquity; personal ownership; social interactivity; context sensitivity;
location awareness; connectivity and personalisation [9], that makes them attractive
from an educational perspective and expand on e-learning. Those capabilities of
mobile and wireless technologies support new models of learning, that are provided
“just-in-time, just enough, and just-for-me” [3]. The use of mobile and handheld IT
devices, such as personal digital assistants (PDAs), mobile phones, laptops and tablet
PC technologies, in teaching and learning is known as mobile learning (m-learning).
M-learning has always implicitly meant mobile e-learning and its history and
development have to be understood as both a continuation of conventional e-learning
and a reaction to this conventional e-learning and to its perceived inadequacies and
limitations [3].

However, despite the almost ubiquitous ownership of mobile phones, the adoption
of mobile technologies in higher education is still in its infancy. Given the current
financial climate it is decisive for educational organizations to make use of hardware
owned by students to deliver content and services, rather than investing in procuring
equipment. What needs to be understood thought is how students want to use m-
learning and deliver against their needs.

The remainder of this paper is organized as follows in order to investigate ways of
providing mobile applications and services to enable communication and
collaboration among university students, faculty and staff to support education,
learning and teaching and enhance information provision, communication and
improve student experience and satisfaction. In Section 2 the benefits of m-learning
are discussed. In Section 3 a marketing analysis is provided that demonstrates that
there is a substantial market that possesses the technology based on which m-learning
services can be provided and to justify the directions towards which m-Learning
applications and services should be developed in order to satisfy student needs. In
Section 4 a review of current m-learning platforms is provided, while in Section 5 the
WMIN-MOBILE prototype is described as a means of evaluating user and technical
requirements. Finally, Section 6 presents the conclusion and proposed future work.

2 Market Analysis

2.1  Mobile Phones Marketing Analysis

Analysis of student IT services surveys conducted amongst various UK universities
during the last 5 years shows that all students own increasingly sophisticated mobile
phones [10]. In particular, approximately 80% of students have smart phones, 80%
can access the Internet, 96% have a camera, 86% can record video and 80% can
record audio. A US market survey showed that an average of 50% of students access
email, Facebook and Twitter through their mobiles several times a day [12]. Research
by Kaiser Family Foundation conducted within 2010 reported that children in the US
spend approximately 8 hours a day using media, 20% of which is using cell phones.
Those numbers are by much larger in Eastern countries. Those figures indicate that
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there is a valuable audience that processes the required technology, has the technical
skills and would be willing to use mobile technology as a means of communication
with the university environment to get information related to their study and work
literally on-the-move, anytime, anywhere, without the need to carry special equipment
or being fixed in an environment with particular settings and get the required
information “just-in-time, just enough and just-for-me”.

2.2 User Requirements for Effective M-Learning Tools

In March 2010 the Edinburgh University Information Services undertook a survey of
approximately 2000 students to gather student requirements for developing a pilot
“Mobile Campus” set of applications [1]. The survey asked the students what type of
devices they owned, what they used them for and which University Information
Services they would mostly prefer to see delivered on a mobile platform. The survey
indicated that the top three University services which students would most like to see
becoming available to their mobiles would be:

e course information , like deadline notices, messages about courses, etc.;
e exam and course timetables;
e PC availability in open access labs.

In November 2010 the Information Systems and Library Services (ISLS) of the UoW
performed a similar online student survey that showed that 99% of the students would
like to use dedicated applications and 96% of the students have or plan to get a
smartphone whilst at the University. The survey also showed that the most desirable
applications for students would be the following:

e Blackboard access 96%
e Library search 83%
e Timetable 80%
e Email/calendar 79%
e Notifications 62%
e  Staff directory 61%
e Events 57%
e PC availability 51%
e News feeds 50%
e Student handbook  50%
e  Course Directory 45%
e Maps 39%
e Find a friend 36%
e Social networking  28%
e Video 24%

Those results indicate that there is great demand for developing m-learning
applications and services for information provision, dissemination of material and
communication supporting different user profiles and mobile platforms and devises.
This means that there are two important issues to be addressed:
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a) developing student centric m-learning applications to aid higher education
studies, improve retention, engagement and outcomes;

b) bring together existing information in various platforms and formats and
presenting it in existing technology that students use for their own
communication and entertainment.

An administrative statistics report for Blackboard usage created in March 2011 for
modules registered for one of the four campuses of the UoW helped into
understanding which are the most desirable services provided by this widely used
amongst universities e-learning tool [13]. The report showed that 5420 modules have
been set up for the New Cavendish campus only. From those:

e 4396 have at least 1 student registered meaning that 1024 modules have
been set up but there are no students registered with 81.10% of the
modules with at least one student;

the course content area is populated in 2354 modules;

announcements are used in 2005 modules;

online tests are used in 108 modules;

assignments area is used in 130 modules;

wikis are used in 98 modules;

external links are used in 501 modules;

forum posts are used in 149 modules;

forums are used 350 modules.

The difference between ‘forums’ and ‘forum posts’ seems to indicate that although a
forum has been set up in a module, there are no posts on this. Actually there are forum
posts in 149 modules out of the 350 modules where forums have been set up — this
means that less than half of the forums are used as 42.57% of the forums have forum
posts.

The following percentages saw the usage of different areas and facilities on
Blackboard out of the 4396 modules that have at least one student. Apparently the
other modules are not used:

e the course content area is populated in: 53.54%;
e announcements: 45.60%:;

e online tests: 2.45%;

e  assignments: 2.95%;

e wikis: 2.22%;

e  external links: 11.39%;

e forum posts: 3.38%;

e forums: 7.96%.

From the above analysis, it becomes apparent that the ‘course content area’ is the
most popular area of Blackboard and ‘announcements’ is the second most popular
tool. Tools that facilitate interactivity and communication among students and among
students and lecturers (such as forums, forum posts, wikis) are used in few modules.
The most popular of these tools is ‘forums’, used by only 7.96% of all modules and
the least popular of all tools is ‘wikis’ with only 2.22% of all modules to use it. This
is quite remarkable. It seems that Blackboard is mainly used as a static tool where
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lecturers can upload information for students in the form of ‘course content’ or
‘announcements’ but it is not used for students to express their opinions or to interact
with the rest of the class. The communication seems to be in one direction only: from
lecturer to students.

3 The Benefits of M-Learning

Education is being constantly transformed with possibilities offered by technology. It
is the new technology that allows educators to explore and improve new teaching and
learning processes as well as different pedagogical methodologies. Several e-learning
platforms (such as Blackboard and Moodle) and applications (such as test builders)
have been developed and offered learners a different learning experience.

Research has provided clear evidences that e-learning applications have positive
impact for learners. Learners become more engaged in the learning process and
learning goals accomplished more successfully. Several studies have shown that the
use of e-learning leads to better results for students: pass rates are increased and
failure rates fell [5, [6].

The main advantage of these applications that makes this possible is that they
allow students to personalise the learning process according to their needs and
abilities. Learning process becomes really learner-centred. An e-learning application
could serve this goal by allowing learners to personalise their learning experience
while it offers them the chance to discover and build the knowledge by themselves.

Furthermore, knowledge is socially and individually constructed on the basis of
experience. e-learning applications and especially m-learning applications facilitate
students to networking and communicate.

In the last few years, it became more apparent the need of mobility: learners should
have access to learning material regardless of time and place. The focus shifted to m-
learning platforms. A large number of universities — initially in the US — provided
their students with portable and mobile devices where they can download specially
formatted versions of lectures [7]. The development of m-learning platforms was the
next step. The first step in this direction was the transfer of original web pages to
mobile screen and also the incorporations of new modules such as feedback and quiz
for mobile devices [7]. M-learning has all the advantages of e-learning:
personalisation of studies; better engagement of students; communication. In addition,
m-learning provides mobility and the possibility of delivering applications and
services on students mobiles that address the learners’ needs. At the same time m-
learning tackles the issue of financial tighter funding opportunities for higher
education as it provides the opportunity of using existing hardware infrastructure.

4 Status and Trends

There are various products and platforms that offer the infrastructure of providing
campus information and services on-demand. Research incorporating over 40 of the
UK’s leading e-learning companies and a number of other organizations and
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individuals across Europe and North America, reported recently that European e-
learning market enjoys strong growth and that the UK remains the largest market
within the continent [16]. The report estimates that, in 2010, the UK e-learning
market will grow approximately 4.76% on the 2009 figure, which shows that there is
a valid market to justify research and development towards this direction.

The current mobile learning market has been driven by consumers and healthcare
buyers, who spent more on mobile learning technologies despite the recession.
However, academic institutions still contributed to the growth. Campus technology
noted that Blackboard's Mobile Learn [14] was cited as "the most significant product
in terms of a market catalyst", something which indicates that Blackboard access is
one of the most desirable services for students. Students and faculty require to be
provided with opportunities to experiment with new forms of informational, social
and media access to next-generation digital platforms including Android, BlackBerry,
iPhone, iPad and other smart phones.

From another view point platforms like Blackboard Mobile Central [14] and
CampusM [15], give students, faculty, and alumni information related to campus life
and library access. There exists significant potential of further increasing this type of
mobile services and support by engaging new forms of social and media
communication paradigms. One such example is the Mobile Campus Assistant
(MCA) software, which is a part of the MyMobileBristol project, that provided
students with time and location sensitive data, like: where is there a PC available;
when is the next bus to a certain destination; what events are happening today and so
on. This in turn creates some questions and requires scalable solutions about the
integration of these new services and infrastructures with the existing university
systems in such a way so that the upgrade comes at the lowest cost and requires
minimum disruption.

5 WMIN-MOBILE Case Study

5.1 WMIN-MOBIL