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Abstract—This paper analyses different definitions of mo-
bile learning which have been proposed by various re-
searchers. The most distinctive features of mobile learning 
are extracted to propose a new definition for Mobile Educa-
tional Mixed Reality Games (MEMRG). A questionnaire 
and a quantifying scale are designed to assist the game de-
velopers in designing MEMRG. A new psycho-pedagogical 
approach to teaching is proposed for MEMRG. This meth-
odology is based on the theme of ‘conversation’ between 
different actors of the learning community with the objec-
tive of building the architectural framework for MEMRG. 

Index Terms—Mobile Learning, Educational Games, Mixed 
Reality, Conversational Framework 

I. INTRODUCTION 

Mobile learning is a new educational paradigm which is 
more flexible than learning which uses desktop com-
puters. Often technology acts as a supplement when PCs 
are used, whereas with mobile devices the technology can 
be more integrated with the learning process. It is also 
portable from one environment to another, such as class-
room to outdoors and from outdoors to home. It thus al-
lows the potential of seamless learning to be realised, 
where the technology mediated the learning is flexible and 
adaptable so that teacher and student are not bound to a 
particular learning space. Mobile learning also utilises 
real-world or situational data to make the learning experi-
ence more meaningful and memorable. 

Klopfer [1] provides a number of reasons why using 
computer rooms in educational institutions could present 
challenges to the learner, if not difficulties. It is noted that: 

1. “Computer rooms are located in another place” [1, 
p 62] and not in the classroom; students have to 
change their location and work in unfamiliar sur-
roundings. 

2. “Access is irregular” [1, p 63] due to the limited 
number of computers, scheduled time to use the 
computer room might not happen at the same time as 
the learning material is being taught in the class. 

3. “Computer labs are not maintained” [1, p 63] due to 
the limited number of technical staff. 

4. “Computer labs are not conducive to teaching” [1, p 
63] and it is difficult for teachers to walk in a 
crowded computer room and check students’ work. 

5. “Computer labs are not conductive to learning.” It is 
hard to walk and talk, and face-to-face collaborative 
work is very unlikely. It is also noted with regard to 
computer-based learning that “activities involve 
spending the majority of time interacting with com-
puter. Opportunities for real world interactions with 
partners and classmates are rare” [1, p 64]. 

 

It can be inferred that computer-based learning in most 
schools and universities could impose a barrier to learning 
and sometimes slow down the process rather than facili-
tate it. Learning in nature is intrinsically mobile. Refer-
ence [2] noted “learning is mobile in terms of space, i.e. it 
happens at the workplace, at home, and at places of lei-
sure; it is mobile between different areas of life, i.e. it may 
relate to work demands, self-improvement, or leisure; and 
it is mobile with respect to time, i.e. it happens at different 
times during the day, on working days or on weekends”. 
Mobile learning is not bound by time and space and can 
appropriately enhance the process of learning, especially 
in an academic environment. It can take place in a class-
room, be used frequently, and with no requirement for 
maintenance. Students can collect data with their camera, 
share information using Bluetooth, and collaborate face-
to-face in an educational mobile game. Mobile learning 
forms a flexible and adaptable learning environment that 
can be used for education independent of time and physi-
cal location. 

M-learning environments fall into two categories:  
I. Field-work - where the learner is experiencing real-

world situations, continuously communicating 
through the mobile device and using mobile re-
sources as a reference, or as an assessment tool – in 
this case materials are designed to be simple and ef-
fective. 

II. Classroom-based - which often utilizes virtual worlds 
to inform and engage the learners via multimedia 
content. 

 

A rich mobile learning system would include both of 
these environments and combine them into one frame-
work. For example, mobile mixed reality games could be 
played in a classroom and at the same time use real world 
data. This system would take into account the mobility of 
the learners, would help to strengthen the interaction 
among learners located in the same place, and would as-
sist in creating a virtual mobile arena to learners that are 
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geographically distributed using web, SMS and telephone 
calls. This approach develops a situated learning experi-
ence through physical encounters and social interactions, 
forming a ubiquitous, learner-centered, individualized 
learning experience which uses mobile technology to net-
work learners into collaborative teams of explorers.  

II. MOBILE LEARNING DEFINITIONS 

A range of definitions of mobile learning has been pro-
posed in the literature. In this section they have been di-
vided into four main categories: ‘technology oriented’, ‘e-
learning oriented’ ‘location oriented’ and ‘communication 
interaction-oriented’. These definitions may overlap and 
be similar on some points and differ on others. 

A. Technology-Oriented Definitions 
These definitions describe mobile learning in terms of 

mobile devices and related technology, such as mobile 
phones, PDA, Nintendo DS, PlayStation Portable, iPod, 
etc, and mobile communication and networking. Refer-
ence [3] defined mobile learning as learning that takes 
place with the help of mobile devices. Reference [4] con-
sidered the mobile learning educational process “as any 
learning and teaching activity that is possible through 
mobile tools or in settings where mobile equipment is 
available”. Reference [5] states “in the course of person-
to person mobile communication”, whose ‘site of produc-
tion, circulation, and consumption is the network’ [6]. 
Reference [7] broadens these definitions into a mobile 
access ‘to use learning service at any time, from any 
place, quickly and simply, through a simple mobile device, 
a PDA, a tablet PC, a pocket PC, a “converged device”… 
with the ability to connect to a broad range of wireless 
network’. In this approach the pedagogical aspects of m-
learning are completely ignored. It assumes no guidelines 
for teachers and content designers and falls short of a suit-
able definition of m-learning.  

B. Electronic (e) Learning-Oriented Definitions 
This viewpoint characterizes mobile learning as an ex-

tension of e-learning. Reference [8] defines mobile learn-
ing as ‘e-learning that uses mobile devices and wireless 
transmission’. Reference [9] defined m-learning as the 
delivery of electronic learning materials on mobile com-
puting devices to allow access from anywhere and at any-
time. There have been attempts to create mobile versions 
of Learning Management Systems (LMS) such as Joomla, 
Drupal and Moodle for access through mobile phones 
[10]. Other specialised LMSs such as Mobilim have been 
also developed to help students to access educational con-
tent through mobile devices [11]. 

This mode of classification often fails to recognise the 
major differences between m-learning and e-learning. E-
learning is often used in formal distance learning while m-
learning is semi-formal and used to bridge the gap be-
tween formal learning and informal learning. In field-
work category of m-learning, the communication facilities 
of the device allow the learner to utilise the teacher’s or 
the expert’s guidance, which adds a formal element to the 
informal setting of the field. In classroom-based m-
learning, the virtual spaces such as mobile games add the 
informal ingredient to the formal setting of the classroom. 
Table I shows how the m-learning utilises the variable, 
mobile and spontaneous nature of informal learning while  

TABLE I.   
A COMPARISON BETWEEN TRADITIONAL FORMAL 

LEARNING, TRADITIONAL INFORMAL LEARNING AND SEMI-
FORMAL MOBILE LEARNING 

 
Formal E-
Learning 

Traditional 
Informal 
Learning 

Semi-Formal 
Mobile Learning 

Learning Con-
tent (LC) 

Set by the 
teacher ac-
cording to the 
curriculum 

Students de-
rive their own 
(LC) accord-
ing to their 
learning needs 

Set by the teacher 
according to the 
curriculum, more 
content accessible 
for further re-
search  

Learning 
Modules 

Large and 
fixed 

Variable in 
size according 
to the context 

Short and context 
driven 

Learning  
Route 

Activities set 
by the teacher 

Planned by the 
students 

Could be planned 
by both teacher 
and students. 
Students often 
negotiate with 
other peers 

Learning 
schedules  

Fixed  Variable Fixed/Variable 

Learning  
Space  

Fixed Mobile Mobile, could use 
a mixture of vir-
tual spaces with 
real spaces 

Context 
Awareness 

none Happens in 
context 

Happens in con-
text and is aware 
of the context 

Connectivity of 
Technology 

Limited to 
certain areas 
with accessi-
bility to a PC 

Accidental  On demand 

Group Forma-
tion 

Planned Ad hoc Ad hoc 

 
allowing the learner to assimilate a curriculum and benefit 
from just in time instructions. 

On the other hand m-learning is more suitable for situ-
ated learning, where learning happens in the same physi-
cal or stimulated context that the knowledge applies. 
Learners can dialog with virtual or real gurus (i.e. appren-
tice) in a real life manner through discovery processes, 
such as Outbreak@MIT game [1]. However in e-learning 
heavy emphasis is on learning repositories where the con-
struction of content and the nature of interactions is fixed 
and predetermined by LMS. E-learning can use significant 
bandwidth with no limitation on textual or multimedia 
content, but m-learning uses slower mobile transmission 
techniques such as GPRS with considerable limitation on 
media access and storage. In addition m-learning is mo-
bile, spontaneous and always connected which helps stu-
dents to learn in a constructive realistic environment 
which is dynamic.  

C. Location Oriented Definitions 
There are definitions of m-learning that are more cen-

tred around the learner, his/her mobility and the locational 
context. Reference [12] defines m-learning as: “any sort 
of learning that happens when the learner is not at a fixed, 
predetermined location, or learning that happens when 
the learner takes advantage of the learning opportunities 
offered by mobile technologies.” Reference [13] distin-
guishes mobile learning “by rapid and continual changes 
of context, as the learner moves between locations and 
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encounters localized resources, services and co-learners”. 
This approach has been accommodated in m-learning re-
search and methodology and it does reveal a distinguish-
able feature of m-learning through location-centric learn-
ing. However, it still overlooks the pedagogical aspects of 
learning. Most locational m-learning systems are not 
much more effective than traditional teaching and in real-
ity mobile maps and locational resources which are not 
built around a constructive framework of learning could 
be replaced by pen and paper.  

D. Communication Interaction-Oriented Definitions 
This definition emphasises communication and conver-

sation in context. It considers the mobility of the learner 
during formal or lifelong learning. It regards learning as a 
constructive and social process. It analyses learning as a 
personal and situated activity facilitated by technology. 
Reference [14] defines communication interaction-
oriented mobile learning as “the processes of coming to 
know through conversation across multiple contexts 
amongst people and personal interactive technologies”. 
This definition of m-learning uniquely encompasses the 
exceptional spirit of m-learning which is to become in-
formed from other people’s ‘informings’ by changing the 
context which is created as a result of negotiation and dia-
logue between people facilitated by technology.  

E. Discussion of Definitions 
Approaches that begin with technology alone have gen-

erally felt to be suspect simply because they are primarily 
technology driven and, initially at least, leave the user out 
of account. Theories of human learning have emphasised 
that pedagogical requirements should come first and then 
an appropriate learning environment is mediated to the 
learner by an appropriate selection of the technology that 
best furthers the pedagogic aims and objectives and meets 
the pedagogic requirements. To put technology first un-
dermines this educational process and runs the risk of pro-
viding the learners with the latest gadgets without any 
underpinning educational foundations or purpose. In Ref-
erence [15] an adventure quiz game is designed for mobile 
phones but the quizzes are not related to the game story. 
Students do not pay attention to the quizzes and they are 
considered as distractions to the gameplay, so no mean-
ingful pedagogical benefits resulted from these games. 

Approaches that see m-learning as e-learning with mo-
bile devices may underestimate the significant contribu-
tion that context and participative interaction play in the 
experience of the learner. If a mobile device is only deliv-
ering e-learning materials at a distance, it is little different 
from traditional e-learning [10 and 11]. 

Similarly, location-centred learning without a peda-
gogical framework may not advance real learning or use 
the location to best advantage (e.g. by incorporating it 
directly into the learner environment and the learner ex-
perience). Reference [1, page 120] identifies students that 
were involved in a locational game play but could not 
understand the concept of the outdoor portion. During the 
game students were running around collecting different 
types of information at different locations, but they could 
not understand why this information had not been given to 
them at first place. The learning activity was considered 
inefficient by students. If the location becomes a place 
where paradigms are tested and experiments conducted 
then it is likely to live in the memory of the learner as a 

reference point – rather like a real chemistry laboratory 
does for a chemistry student. Theory and practice can then 
be understood by the learner as different aspects of the 
same fundamental principle, and also that you cannot have 
one without the other. Learning is facilitated by seeing a 
theory or concept demonstrated in real-world examples 
and demonstrations. 

Understanding m-learning as communication and inter-
action processes highlights the importance of understand-
ing the relationship between the learners and the educa-
tional environment, and also between the learners in a 
group context (in that they can learn from each other to 
some degree as they are involved together in the learning 
process). However, without an underlying pedagogical 
framework such communication and interaction can be ad 
hoc and lack a well-defined goal. Learning on this basis 
can be accidental and serendipitous rather than structured 
and defined. The learners in the group then receive a so-
cial experience but not necessarily an educational one 
[16]. 

A balanced definition seeks to give primary weight to 
the pedagogical needs and requirements and the frame-
work within which the educational objectives will be ad-
vanced. Technology will be utilised that effectively and 
efficiently implements these pedagogical goals. Commu-
nication and interaction will be facilitated, and the loca-
tions of the learners will be utilised as an integral part of 
the learning process in order to harness the learner’s con-
textual and real-world experiences to further the learning 
process. 

III. DISTINCTIVE FEATURES OF MOBILE LEARNING 

Mobile devices such as mobile phones often cost less 
than desktop computers and are able to be owned by many 
people, even the underprivileged in developing countries. 
Users are able to carry these devices all the time because 
they are small in size, portable and wearable - often in the 
pocket or handbag. They have long battery life and they 
do not need a mains connection as much as laptops. Mo-
bile phones can be switched on and operated immediately. 
They are easy to use and have useful functionalities, espe-
cially for instant communication. They are not obtrusive 
and can be used to collect, record, capture and store data. 
Consequently mobile phones can be carried by users all 
the time and therefore can support mobile learning. Refer-
ence [17] defines the different aspects of mobility in mo-
bile learning as follows – 

1. ‘Mobility in physical space’ which helps the learner 
to carry the mobile device comfortably all day long, 
everyday and learn in spare moments. They are not 
bound to a certain location like a classroom, for ex-
ample in [18], the MOBO city game helps the uni-
versity students to acquire technical vocabularies on 
the move while travelling, at home or in restaurant 
with no requirement to be present in a particular 
physical environment. 

2. ‘Mobility of technology’ makes it possible for tech-
nologies such as Bluetooth, Mobile Web, WiFi, GPS 
and a camera to come together in a lightweight de-
vice ready for utilization whenever required. Refer-
ence [19] presented the Detective game which used a 
mobile phone’s camera, Bluetooth and mobile web to 
help a virtual character ‘Detective Alavi’ to solve a 
mystery using a language acquisition process. 
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3. ‘Mobility in conceptual space. The learner can move 
from topic to topic, concept to concept and learn in 
small chunks whenever necessary through the mobile 
web. In [20], teachers use mobile web to study dif-
ferent language learning comprehensions in their 
spare time. 

4. ‘Mobility in social space’. The mobility of the learner 
in physical space facilitates the forming of different 
groups during the day for collaborative learning. In 
[18], MOBO city is not a multiplayer game. However 
as the learner plays the mobile game at different loca-
tions, different groups of students are attracted to the 
game and therefore help the learner by forming a so-
cial space. In [19] players are able to play against any 
other group of learners using a Bluetooth ad hoc con-
nection.  

5. ‘Learning dispersed in time’. The learning can be 
distributed across different point in time and increas-
ingly built up. In [19], the Detective game builds 
knowledge in a hierarchical fashion. The players are 
able to save their scores and cognitive progress and 
come back to the game when appropriate.  

 

Different dimensions of mobility result from the con-
textual and communicative features of mobile learning. 

A. Contextual 
Mobile learning occurs across different contexts. A sys-

tem is regarded as context-aware “if the system uses con-
text to provide relevant information and/or services to the 
user, where relevancy depends on the user’s task” [21]. 
The learner has a situated role while being able to use the 
contextualized information in a mobile device readable 
form [22]. A mobile learning context definition has been 
given as “any information that can be used to character-
ize the situation of learning entities that are considered 
relevant to the interactions between a learner and an ap-
plication” [23]. Reference [24] presents a significant dif-
ference between context as “that which surrounds us” and 
context as “that which weaves together”. In a mobile 
learning context is not just a shell to surround mobile 
learners, but it increases interaction and engagement be-
tween learners and the learning environment. 

B. Different Types of Context 
Factors that contribute to creating context in mobile 

learning are the learners’ interaction with system, the mo-
bile device, wireless infrastructure, environment and other 
learners. Different context types exist in mobile learning 
environments and these are discussed below.  

1) Spatio-Temporal context 
This context type depicts the characteristic of a 

learner’s context regarding time and spatial aspects. Sen-
sors such as GPS, compass, Bluetooth, camera, acceler-
ometer and gyroscope are part of today’s mobile device 
and collect ambient information in the form of (A) tempo-
ral context , in this case the mobile device is aware of 
time-dependent data and provides temporal information to 
the learner concerning the period during which some 
event happened or will occur [23], (B) spatial context are : 
(1) absolute position of the mobile device provided by 
combination of GPS (Global Positioning System) receiver 
and compass [25] (2) relative position of the mobile de-
vice provided by Bluetooth [19] (3) relative position and 
orientation of a physical object to the mobile devices’ 

camera using QR codes or augmented reality markers to 
discover the embedded text, activate a web browser, make 
a phone call [19] or overlay the physical object with vir-
tual text, graphics or audio [26] (4) orientation of the mo-
bile device measured by combination of accelerometer 
and gyroscope [27]. 

2) Device Context 
Device context provides a basis for exploiting the po-

tential of hardware and software and the capabilities of the 
device. Access to different services is provided according 
to the device context. Information such as location, cam-
era, communication tools, screen size, browser types, 
bandwidth, connectivity, battery, operating systems, 
amount of available memory and processing power are 
essential for detecting the kind of services that could be 
installed or accessed through the device [28]. 

3) Virtual World Context 
This provides computational data concerning events oc-

curring within the virtual environment of the mobile learn-
ing system. It assigns goals, modules, calculates the cur-
rent state of the learner in learning activity, monitors the 
learner’s progress, the learner’s grades or scores, and the 
current state of the teaching procedure such as specifying 
the next step of instruction or what learning resources 
must be utilised [29]. 

4) Personal Context 
This could be divided into three parts: physiological, 

mental and biographical. The first part includes informa-
tion such as name, nationality, gender, address, physical 
feature, disabilities etc. The second part contains informa-
tion such as learning habit, mood, interest, and hobbies 
etc. The third part includes information such as qualifica-
tions achieved, job experiences and training, skills gained, 
affiliations, modules registered etc [29]. 

5) Role Context 
The learner uses this information to assist with the so-

cial role in collaborative learning. Role context provides 
information about the learning system’s virtual characters 
and information from other users such as the learners, 
friends, colleagues, teacher, supervisor or advisor in a 
peer-to-peer networked mobile learning environment [29]. 

C. Level of Interactivity 
Mobile context-aware applications include two levels of 

interactivity: (1) active context aware applications, and (2) 
passive context aware. 

1) Active Context-aware application 
In this mode, sensors obtain contextual data and the ap-

plication automatically updates a service for the learner. 
For example in [30] visual codes are distributed in differ-
ent locations in a museum, and the application uses these 
codes to instantly connect the learners to specific web-
based information. In this mode, learners are less in con-
trol and are passive. On the other hand the application 
does the entire work and is proactive [29]. This process 
could consume a considerable amount of time and re-
sources, but user input is minimised and learners are less 
distracted. 

2) Passive context-awareness 
In this approach the application is passive and only 

shows the changes in the context. However, the learner 
actively participates and analyses contextual information 

20 http://www.i-jim.org



FROM E-LEARNING TO M-LEARNING – THE USE OF MIXED REALITY GAMES AS A NEW EDUCATIONAL PARADIGM 

 

via the interactive interface of the application, and makes 
decisions if it is appropriate to apply changes such as loca-
tion or time [30]. 

D. Communicative 
Mobile learning systems are able to use wireless or mo-

bile phone connectivity such as Bluetooth, Infrared, WiFi, 
phone calls, SMS, MMS or mobile web to connect people 
across contexts. This mode of connectivity allows students 
to build learning communities that facilitate conversations 
between learners in real and virtual worlds. In mobile so-
cial interactivity, learners converse, share and interrogate 
their perspectives on subject matter, negotiate, send and 
receive feedback to and from others, share data, aggregate 
and distribute them with other learners, experts or teachers 
forming a collaborative learning environment. This could 
considerably increase the engagement [31] among learners 
and provide a significant boost to the learner’s confidence 
[32].  

IV. MOBILE GAMES 

A. Mobile Games and Learning 
Learning can be facilitated by the effective combination 

of different kinds of resources and different modes of de-
veloping knowledge and skills. Mobile learning helps the 
learners to take advantage of the learning opportunities 
offered by mobile technologies through the use of mobile 
devices such as mobile phones and Personal Digital Assis-
tants (PDAs) in contextualised authentic settings. This 
mode of learning enables learners to interact simultane-
ously with both the physical world and with the virtual 
world of digital information. Combining familiar actions 
in the physical environment with new information in the 
virtual world promotes a new experience with more en-
gagement and higher social learning among learners. In-
formation in digital space can be translated into game con-
tent characteristics: concepts, topics, and tasks. Game 
based learning is greatly satisfying and fast-paced com-
pared to repetitive and boring tasks in schools [33]. Edu-
cational games have demonstrated by careful design that 
they are able to offer a flow experience that immerses the 
learners in active learning and are able to boost the intrin-
sic motivation level of a learner by means of highly en-
gaging challenges and feedback [34 and 35]. Given recent 
progress in mobile and wireless technologies, it makes 
sense to consider combining mobile learning with games-
based learning.  

Mobile games are often played in mutual tolerance of 
players’ other daily activities such as walking in a park or 
a street. The game system depends to some degree on ex-
ternal input such as the players’ proximity from each other 
or the player’s location. Players receive different questions 
and hints as their physical position varies and they can 
switch attention between activities to play the game. 
These games take place in the real world and contain non-
players; consequently, each game session can produce 
different experiences. In order to obtain the players’ con-
text, each player’s mobile device is augmented with an 
array of software or hardware features, such as Global 
Positioning System (GPS) device, Radio Frequency Iden-
tification (RFID) reader, Bluetooth, Infrared or decoding 
software and camera for taping into QR codes and other 
visual code information.  

These games can be very innovative and can belong to 
different game genres. Mixed reality games are one of the 
most exciting genres that are often very difficult and im-
practical to implement on other platforms especially for 
educational purposes. Mobile games can use the mobile 
platform’s distinctive features to implement this genre for 
classroom activities and field work. This leads to new 
types of game which are termed in this research a ‘Mobile 
Educational Mixed Reality Game’ (MEMRG).  

B. Mixed Reality Games 
To define the concept of mixed reality games, Milgram 

[34] introduced the concept of ‘Virtuality Continuum’. 
Reference [34] defines this as a ‘mixture of classes of ob-
jects presented in any particular display situation’. At one 
end of his scale is a ‘virtual environment’ which consists 
of only virtual objects and graphical simulation. At the 
other end is a ‘real environment’ with real objects that can 
be sensed directly. Mixed reality environments are defined 
by Reference [36] as applications where ‘real world and 
virtual world objects are presented together within a sin-
gle display, that is, anywhere between the extrema of the 
virtuality continuum’. From reference [36] it can be in-
ferred that the emphasis from the mixed reality definition 
is on real world and virtual world objects superimpose. 
Reference [37] studied mixed reality environments formed 
by mixing real and virtual spaces together in different 
ways; and display is only one of these. These spaces are 
not superimposed but are placed adjacent to each other 
and a window is created between them. According to this 
research a mixed reality system could have multiple 
boundaries to many distributed spaces. These separate 
spaces form a bigger super-space where they can com-
plement each other, share information and increase social 
interactions.  

C. MEMRG and the Semantic Concept 
In an educational setting the most important element 

that is transmitted, received, shared and discussed is in-
formation. Here we describe ‘Semantic’ as meaningful 
information that is necessary for the game to operate, or 
for a learning objective to be achieved. It is extracted from 
mobile device’s sensors or different virtual game space 
processes. Ideally, semantic leads to ‘assessing’, ‘instruct-
ing’ or ‘motivating’ the learners in the process of ‘knowl-
edge acquisition’ or ‘knowledge construction’. Semantics 
are often in the form of (1) text, graphic, audio, other 
player’s scoring data extracted from the virtual game 
space or cyber world space, (2) location and orientation 
data from the real world (3) audio or text from mobile 
space or any other type of information that could be 
picked up with our five senses. For example, in the Live 
Long and Prosper game [1] the semantics were in the form 
of location data and the game’s virtual space data (the 
gene’s compatibility). In the Environmental Detective and 
Outbreak@MIT games [1] the semantics were in the form 
of location data, audios, texts, videos. In the Savannah 
game [38] semantics were in the form of smells, sounds, 
texts, graphics, and location data were semantics. In these 
games’ user interface we cannot observe that at any mo-
ment in the game play, real objects visually superimpose 
virtual objects. This trend is evident in most MEMRG 
projects. The important limitation in this kind of mixed 
reality games is to maintain the ‘flow’ of the game when 
shifting from real space to virtual space and vice versa. 
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MEMRG must be able to combine mixed physical/virtual 
space with the mobile space for conversation and informa-
tion exchange, and also be connected to cyberspace for 
accessing multimedia information, collaborative tools and 
conversational possibilities which are all encapsulated in a 
semantic learning space. Figure 1 (situated at the end of 
paper) represents a MEMRG learning space where mo-
bile, cyber, virtual and real spaces are placed next to each 
other. There are close boundaries between the spaces but 
they do not superimpose. The virtual space has a pivotal 
role for different processes such as image processing, de-
coding, extracting locational data, educational assessment 
and instruction. The window to real, mobile and cyber 
spaces are provided by different interfaces that increase 
the accessibility of the game for the players. Data flow in 
MEMRG is carried out by different semantics. Their type 
‘mobile’, ‘cyber’, ‘real’ and ‘virtual’ depends on where 
they have been originally generated. Different sensors 
such as GPS, Bluetooth, camera and accelerometer gener-
ate location and orientation semantics. However when 
decoding a QR code captured by a camera, alphanumeric 
semantics such as a phone number, a URL address, an 
SMS template or just pure text could result. Learners also 
extract and use semantic information from the mobile 
space and cyberspace without relying on any software 
during phone calls, SMS conversations and mobile web 
searches. They use their own perceptions through collabo-
rative work with peers to extract the necessary semantics.  

Not all of the sensors in Figure 1 are necessary for a 
mixed reality game. Object recognition using markers and 
augmenting the real world with graphic and audio is more 
suitable for natural sciences like physics, biology and 
chemistry where observation, experience and experiment 
are important. In the case of geography and history GPS 
could be valuable for encompassing large areas. In Engi-
neering, and social sciences like linguistic, law and phi-
losophy that are more analytical and critical, communica-
tion facilities like phone calls, mobile web and Bluetooth 
connections are helpful.  

D. MEMRG and Mobility, Context and Communication 
Features 

To support MEMRG mobility, contextual and commu-
nication features must be included. These introduce new 
opportunities for learning. Instructional content designers 
need to exploit the true nature of this novel approach. It is 
essential to consider important aspects of mobility, context 
and communication in mobile learning. To facilitate this 
process the following table provides a questionnaire for 
MEMRG designers to measure the degree of mobility, 
context and communication in their game by acquiring 
positive answers to the questions. 

TABLE II.   
A QUESTIONNAIRE TO MEASURE THE DEGREE OF MOBILITY, 

CONTEXT AND COMMUNICATION IN MEMRG 

Degree of mobility in a MEMRG 

1- Is the learner able to take your game and play it in the 
gaps between work? 

2- Is your game free of bounding to certain location? 

3- Does your game utilise Bluetooth or Infrared? 

4- Does your game utilise WiFi, GPRS or 3G? 

5- Does your game utilise GPS? 

 

6- Does your game utilise mobile camera? 

7- Does your game utilise SMS or MMS? 

8- Does your game utilise phone calls? 

9- Does you game allow the learner to move from topic to 
topic? 

10- Does your game allow forming different groups? 

 

11- Does your game allow learning that is accumulated at 
different points in time? 

Degree of context in a MEMRG 

1- Is your game aware of time? 

2- Does your game provide temporal information to the 
learner? 

3- Does your game utilise absolute position of the mobile 
device? 

4- Does your game utilise relative position of the mobile 
device? 

5- Does your game utilise relative position and orientation 
of a physical object? 

Spatio-
Temporal 
Context 

6- Does your game utilise orientation of the mobile de-
vice? 

1- Is your game designed considering information about 
device screen size and resolution? 

2- Is your game designed considering information about 
available device memory? 

3- Is your game designed considering information about 
device processing power? 

4- Is your game designed considering information about 
mobile internet bandwidth? 

Device 
Context 

5- Is your game designed considering information about 
device’s operating system and software capabilities? 

1- Does your game assign learning goals? 

2- Does your game assign the learning modules or topics? 

3- Does your game calculate current state of learner inter-
activity? 

4- Does your game calculate learner’s progress? 

5- Does your game calculate learner’s score? 

6- Does your game calculate current state of teaching? 

Virtual-
World 

Context 

7- Does your game calculate other team’s progress? 

1- Is your game designed considering physiological as-
pects of learner? 

2- Is your game designed considering mental conditions 
of learner? 

Personal 
Context 

3- Is your game designed considering biographical infor-
mation of the learner? 

1- Does your game help the learner to have a social role 
according to other learners? 

2- Does your game help the learner to have a social role 
according to virtual characters? 

3- Does your game help the learner to be acknowledged 
about social roles of other learners? 

Role 
Context 

4- Does your game help the learner to be acknowledged 
about social roles of virtual characters? 

 5- Does your game help the teacher to have a social role 
according to learners? 

Degree of communication in a MEMRG 

1- Does your game encourage learners to converse and 
collaborate with other learners? 

2- Does your game encourage learners to share informa-
tion? 

3- Does your game encourage learners to offer their own 
ideas and understanding? 

 

4- Does your game encourage the learners to participate 
in discussion and debate? 
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5- Does your game encourage learners to compete with 
other learners? 

6- Does your game encourage learners to ask questions 
from the teacher? 

7- Does your game encourage learners to present ideas to 
the teacher? 

 

8- Does your game provide a method for teachers to send 
feedback to learners?  

 
There are two choices of ‘yes’ and ‘no’ available to 

each question. Table below explains how we quantify the 
results from the questionnaire. We have scored the various 
categories and responses and we devised a scale from 
‘Very Good’ down to ‘Very Poor’, to show how we 
measure the degree of mobility, context and communica-
tion. We regard ‘very poor’ and ‘poor’ as unacceptable 
levels of responses and ‘moderate’, ‘good’ and ‘very 
good’ as acceptable levels of responses.  

TABLE III.   
A DEVISED SCALE TO QUANTIFY MEMRG QUESTIONNAIRE 

RESPONSES FROM TABLE 1 

 Number of positive 
answers 

Level of accep-
tance 

1, 2 Very poor 

3,4 poor 

5,6 moderate 

7,8 good 

Degree of mobility 

9-11 very good 

1-4 very poor 

5-9 poor 

10-14 moderate 

15-19 good 

Degree of context 

20-26 very good 

1 very poor 

2 poor 

3,4 moderate 

5,6 good 

Degree of communica-
tion 

7,8 very good 

E. MEMRG Limitations 
GPS technology is used for outdoor positioning in mo-

bile games. However its accuracy could be diminished by 
(1) the level of noise introduced by the signals close to the 
GPS receiver (2) bad weather conditions (2) multipath 
reflection and occlusion of the satellite that are due to the 
barriers around the GPS receiver such as nearby trees, 
buildings and mountains. Mobile phones transmit and 
receive radio waves from a service provider’s base station 
while being in the Universal Mobile Telecommunication 
Service (UMTS) coverage during phone calls, sending 
SMS and browsing web. This coverage could be affected 
by the local conditions that are (1) multipath fading where 
signal might reflect off an object such as a building which 
leads to signal distortion (2) interference from signals with 
same frequencies (3) attenuation as the signal passes 
through a building wall (4) proximity of the phone to the 
base station (5) weather conditions (6) capacity of the 
network to handle a specific number of callers (7) signal 
hand off when travelling from one mobile phone cell to 
another. Camera phones often do not have the advanced 
features of the digital cameras to take a sharp and accurate 
image. Consequently the device might fail to process and 

decode the QR coders/markers images taken while the 
camera is being shaken or there are poor light conditions. 
In the case of markers, if the position and orientation of 
the physical object is not accurately tracked, the synthetic 
image is not able to superimpose the object accurately. 
This prevents the real and virtual space from correctly 
aligning together.  

F. Detective Alavi- An example of MEMRG  
Detective Alavi is a MEMRG whose implementation is 

described in [19] and in Figure 1 the red arrows show the 
flow of semantics and different processes and components 
of this game. The degree of mobility in the game is 9 (i.e. 
very good), the degree of context 21 (i.e. very good) and 
the degree of communication 8 (i.e. very good). The 
game’s main canvas depicts a fantasy world of a computer 
Central Processor Unit (CPU). A mysterious problem has 
occurred that stopped the CPU from functioning. The 
mystery requires the ‘Detective Alavi’ to use his language 
skills and knowledge of electronics to solve it. Clues to 
the game’s puzzles are distributed through the virtual 
space‘s learning resources, the virtual character’s conver-
sations, the teacher’s feedback and different web sites. 
The puzzles are located in the real space built by QR 
codes in the form of puzzles, word games and board 
games. The QR codes help to connect to the mobile space 
where there are teachers, experts and more competent 
peers that are located at different physical locations. Dur-
ing the game they can be contacted by phone calls or 
SMS. They can offer their explanations and feedback to 
the students or ask them to present their ideas; in the con-
text of the normal game play and the game story line. Mo-
bile learners can also access the web and search for infor-
mation that is provided for them as further learning re-
sources, or additional clues to solve the game’s chal-
lenges. The players interact face to face with each other, 
ask questions and share ideas. This less restricted style of 
interaction could help towards enhanced communication 
skills, better analysis and improved thought processes.  

V. CONCLUSIONS 

MEMRG can be easily implemented in classroom and 
field-work using mobile devices. This is due to the follow-
ing three factors (1) mobile devices such as mobile phones 
have reasonable costs and are available to the players (2) 
its form factor is suitable for novice players and most 
game play could take place unsupervised (3) the device is 
self-contained and fully packaged with necessary sensors 
and consequently is independent of institution’s infrastruc-
ture. MEMRG uses mobile technology and is mobile in 
physical, conceptual and social spaces. It makes use of 
contextual data such as spatio-temporal, device, virtual 
world, personal, role, and context. It is able to communi-
cate face to face or at a distance using SMS, MMS, phone 
calls and mobile web with peers, teachers and experts. 
Contextual and communication information are extracted 
by software or via the learner’s conceptual abilities into a 
meaningful form that is defined as semantic. Different 
forms of semantics are present at various stages in the 
game play which can be visible or invisible to learners. 
These semantics build a learning space that weaves to-
gether real, virtual, mobile and cyberspace into a uniquely 
engaging learning environment which facilitates commu-
nication between different members of the learning com-
munity [19]. 
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Figure 1.  Semantic Learning Space Model for the MEMRG realisation. 
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