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M-Learning Generations 
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of a Mobile Context-Aware 

Learning Schedule Framework

ABSTRACT

Mobile learning applications can be categorized into four generations – ‘non-adaptive’, ‘learning-
preferences’-based adaptive, ‘learning-contexts’-based adaptive and ‘learning-contexts’-aware adaptive. 
The research on our Mobile Context-aware and Adaptive Learning Schedule framework is motivated by 
some of the challenges within the context-aware mobile learning field. These include being able to create 
and enhance students’ learning opportunities in different locations by considering different learning con-
texts and using these as the basis for selecting appropriate learning materials for students. The authors 
have adopted a pedagogical approach for evaluating this framework – an exploratory interview study 
with potential users consisting of 37 university students. The authors targeted primarily undergraduate 
computing students, as well as students within other departments and postgraduate students, so that a 
deep analysis of a wider variety of users’ thoughts regarding the framework can be gained. The observed 
interview feedback gives us insights into the use of a pedagogical m-learning suggestion framework 
deploying a learning schedule subject to the five proposed learning contexts. Their data analysis is 
described and interpreted leading to a personalized suggestion mechanism for each learner and each 
scenario, and a proposed model for describing mobile learning preferences dimensions.

DOI: 10.4018/978-1-60960-481-3.ch003



29

M-Learning Generations and Interview Study Results

1. INTRODUCTION

The importance of the deployment of learning 
contexts into mobile learning (m-learning) ap-
plications, and making these applications aware 
of the context (or circumstances) it is being used 
in, is currently a very significant part of their 
development (Sharples, 2006). Since portable 
mobile devices can be used for learning anywhere 
and at any time, learners have the flexibility to 
choose practically whichever location that suits 
them. For a full-time university student living on 
campus, this choice may not seem as crucial as 
for another part-time student who has family and 
work commitments and commutes onto campus 
every day, for example. The latter student has 
typically much more limited time than the former, 
and because of this constraint, it is much more 
important and necessary for the latter student to 
be able to use any time that they have and to be 
able to learn/study at any location. For example, 
it might be necessary for them to make use of 
the time when they are commuting each day on 
public transport. Becking et al. (2004) also noted 
similar difficulties that distance learning students 
face because of this time constraint.

Given the possible different circumstances 
surrounding the learner at the point of learning/
studying (such as the location, length of time 
available, their concentration at that point in time, 
or the frequency of interruption at the location), 
there may be pedagogical benefits to the learner 
if their m-learning application were to be aware 
of these circumstances and able to suggest ap-
propriate materials for the learner based on these 
circumstances. Our research is motivated by the 
fact that students may want to carry out their 
learning tasks and activities at every given op-
portunity with sufficient time available. Naturally, 
this may not always hold true; however as argued 
by Kukulska-Hulme and Traxler (2005) “Learn-
ing outside a classroom or in various locations 
requires nothing more than the motivation to do 
so wherever the opportunity arises”.

In this chapter we describe the design of a 
theoretical framework to support those students 
who wish to carry out their learning at different 
locations with variable amounts of time available 
to them. Our goal is to recommend (the most) ap-
propriate activities to them, given the particular 
circumstances, in an attempt to maximize their 
learning productivity. In achieving this goal, the 
following three research questions will need to 
be resolved; the motivation for resolving these 
is also described.

1. 	 Can a proactive method of retrieving learn-
ing contexts, without the use of context-
aware sensor technologies, be successfully 
established?

Our theory investigates the possibility to sub-
stitute context-aware sensor technologies with a 
simple, yet efficient, technique: the learner’s learn-
ing schedule. This relies on the self-discipline of 
students to tell their mobile device their probable 
learning schedule ahead of time. The device will 
then suggest to the user appropriate study measures 
at each particular point in time.

The methods used for retrieval of learning 
contexts is currently under investigation in many 
related m-learning works and are divided into di-
rect and implicit retrieval methods. Direct retrieval 
from the user (for example in Cui and Bull (2005)) 
requires time and effort and may interfere with 
what the user is doing. Alternatively, retrieval may 
be done implicitly by using sensors to detect the 
values of different learning contexts (for example 
in Schmidt (2002)).

2. 	 Which learning contexts are necessary at-
tributes of a pedagogical mobile learning 
framework?

Through our literature survey, we identified 
five learning contexts which are highly significant 
pedagogically – these are learning styles, knowl-
edge level, the student’s concentration level, the 
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frequency of interruption at a location, and the 
amount of studying time available. Recent m-
learning applications are attempting to establish 
which learning contexts are important within an 
application for creating rich m-learning applica-
tions (Parsons et al., 2007), however consensus 
on this has not yet been reached.

3. 	 Which learning materials should be rec-
ommended to students under different 
circumstances?

We obtained data to help answer this question 
from our interview study, as well as our diary 
study. Research has been conducted by Cui and 
Bull (2005) and Martin et al. (2006) in specifying 
this but currently there is no general consensus 
for ascertaining the types of learning materials/
activities which would be appropriate for learn-
ers to learn/study under different circumstances.

Our research is centered on the above issues. 
We have previously developed a Mobile and 
Context-aware and Adaptive Learning Schedule 
(mCALS) theoretical framework, which was 
presented in detailed in (Yau and Joy, 2008). 
We provide a brief overview of the theoretical 
framework here; however, the data analysis of our 
interview study corresponding to the framework 
forms the focus of this chapter. The eventual aim 
is to transform this framework, via user-centred 
evaluations, into a pedagogical m-learning ap-
plication implementable on a mobile device 
and deployable by target users. Our theoretical 
framework draws upon existing and current related 
works in context-aware m-learning applications 
(Martin et al., 2006; Cui and Bull, 2005; Becking 
et al., 2004), and is supported by an extensive 
literature review.

Five main components of our framework 
have been constructed as a result – a method for 
detecting and retrieving learning contexts, a user 
model, a contextual model, a recommendation 
mechanism and a database of learning materials. 
The system architecture of our theoretical frame-

work is divided into three layers – the learner 
model layer (containing the first three compo-
nents, as mentioned above), a recommendation 
layer and a learning objects layer. The design of 
this framework includes the use of the student’s 
learning schedule (i.e. electronic diary) integrated 
in the mobile device. Primarily, this is utilized for 
capturing and storing the users’ scheduled events 
which can be retrieved and translated as learning 
contexts; and secondarily as a useful means for 
students (especially self-regulated students) to 
organize their work and facilitate their time man-
agement, and they are more likely to be able to 
self-motivate or self-regulate themselves through 
the act of the planning (Quenter et al., 2009) of 
their studies. Note that a self-regulated student can 
be characterized by their “active participation in 
learning from the meta-cognitive, motivational, 
and behavioral point of view” (Montalvo and 
Torres, 2004). The Recommendation Mechanism 
recommends appropriate learning materials (from 
our Learning Object Repository) based on the us-
ers’ learning contexts at the time of usage.

For the purpose of our research, the initial 
scope of learning materials made available to 
students through the framework was the Java™ 
programming language, in the form of learning 
objects, to be retrieved from our previous work 
(Anonymized for review). The initial target of 
students for the use of our framework included 
undergraduate computer science students (i.e. 
typically novice programmers). A principal reason 
for the decision to incorporate these materials was 
that usually a large amount of time and motivation 
are necessary to learn an object-oriented program-
ming language such as Java™ (Yau, 2004), and 
we are currently investigating ways to facilitate 
this for novice programmers.

To decide upon which learning contexts are 
the most significant in the recommendation of 
pedagogically-appropriate learning materials in 
our framework, we examined the works of Cui and 
Bull (2005) and Martin et al. (2006), which are 
closely related to our framework. Subsequently, 



31

M-Learning Generations and Interview Study Results

we selected the following five learning contexts 
to be incorporated into our framework - learn-
ing styles, knowledge level, concentration level, 
frequency of interruption and available time. 
The latter four contexts were utilized in the work 
of Cui and Bull (2005), and the learning styles, 
knowledge level and available time contexts were 
utilized in the work of Martin et al. (2006). We 
describe the reasons for the incorporation of these 
learning contexts below.

1. 	 The importance of incorporating cognitive 
learning contexts, such as learning styles, 
into the design and development of context-
aware m-learning applications has been 
emphasized by many authors, including 
Prekop and Burnett (2003), who noted that 
this dimension of context has often been 
neglected in the design and development of 
this domain. Similarly, learners may have 
different preferred styles of learning and psy-
chological attributes which were shaped by 
their learning experiences, and these should 
be taken into consideration especially when 
they are conducting m-learning with mobile 
devices (Parsons et al., 2007).

2. 	 The selection of materials appropriate to the 
students’ level of knowledge may enhance 
their effectiveness of learning/studying the 
materials (Cui and Bull, 2005) because (a) 
students may become bored and unmoti-
vated if materials were too uncomplicated 
and repetitive of concepts that they already 
knew and/or understood, and (b) students 
may not be able to progress if materials are 
too advanced for them; this is ineffective 
and could cause additional stress to students.

3. 	 A student’s level of concentration may be 
lower, more unstable and prone to inter-
ruptions whilst carrying out m-learning in 
a non-fixed environment. This is due to (a) 
a higher possible amount of unpredictable 
noise, and (b) a potentially busier environ-
ment with more likely distractions such 

as people coming and leaving. Hence, the 
selection of learning materials based on the 
concentration level of a student is important 
(Cui and Bull, 2005). (Fixed and non-fixed 
locations are described in 4.1).

4. 	 Similar to the level of the concentration of 
a student, the frequency of interruption (at 
a location) can be higher and more unstable 
when conducting m-learning in a non-fixed 
location. For example, the frequency of 
interruption in a café is likely to be higher 
than that in a library (Cui and Bull, 2005; 
Becking et al., 2004; Martin et al., 2006). 
The frequency of interruption in a location 
may affect a student’s level of concentration 
and hence, students working in a non-fixed 
environment may benefit from having ma-
terials recommended to them based on the 
frequency of interruption at that location.

5. 	 A student’s available time should be used as 
the basis for the recommendation of appro-
priate learning materials whilst performing 
m-learning so that the right amount and/or 
size of learning materials can be appropri-
ately recommended to students based on the 
available time that they have.

Other learning contexts which have been 
incorporated by other authors in their context-
based/aware m-learning applications include the 
following. Note that this is not an exhaustive list, 
and we discuss below the reasons why it is not 
important or significant for our framework to 
incorporate these.

•	 Learning difficulties and misconceptions 
within a topic (Cui & Bull, 2005). The 
focus of our framework is on ascertain-
ing appropriate materials based on the stu-
dents’ location circumstances, rather than 
on specific elements within a learner’s user 
model. This may form the basis for future 
work.
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•	 Type of mobile device used (Martin et al., 
2006). Our focus is not on the different 
types of technologies/devices being used 
by students; rather, we are investigating 
the internal and external contexts from a 
learner’s point of view.

•	 Information about the collaborative partner 
for group learning (Martin et al., 2006). 
Our current focus is on independent and 
self-regulated learning, rather than collab-
orative learning.

Additionally, the foundation of our theoretical 
framework was informed by the established rela-
tionship mappings between the Dunn and Dunn 
learning styles model (Dunn & Dunn, 1978), 
the dimensions of the context space formed by 
Wang (2004), and the four categories of contexts 
defined by Schilit et al. (1994) and Chen and Kotz 
(2000). A description of the relationship mappings 
between the factors within each of the components 
of the Dunn and Dunn model (i.e. environmental, 
emotional, physical, sociology and personality 
components) against the context space as well as 
the categories of contexts was presented in detailed 
in (Yau & Joy, 2006a; 2006b). The relationship 
mappings which can be taken as guidelines and/
or considerations for developing pedagogical m-
learning applications are summarized as follows:

•	 Learners may have preferences to study 
in different locations with different noise 
levels.

•	 Learners may have varying levels of mo-
tivation and degrees of responsibility for 
their learning.

•	 Learners may have different learning pref-
erences and their performance in learning/
studying may be dependent on the time of 
day and how mobile they feel.

•	 Learners may have preferences to study 
alone, together with peers, or in a learning 
group.

•	 Learners may have varying levels of atten-
tion and they may be affected more eas-
ily when they are performing m-learning. 
This is potentially due to the increased 
noise levels, movement, interruptions and 
distractions.

We have adopted three types of research meth-
odology studies for exploring the real potential 
feasibility of our framework – pedagogical, 
usability and technical feasibility studies. We 
deployed an interview study, which is the focus 
of this chapter, as part of the pedagogical study to 
ascertain the m-learning requirements of intended 
users and hence whether our framework could 
be potentially used by them. The usability study 
used a ‘diary: diary-questionnaire’ methodol-
ogy to determine whether a diary approach can 
be used as a successful way of retrieving user’s 
learning contexts. The technical study consisted 
of a software engineering design of the frame-
work to illustrate whether an implementation of 
our framework can realistically take place using 
current technologies and function successfully.

This chapter is structured as follows – a lit-
erature review is provided in section 2. In section 
3, we describe the methodology we employed to 
collect and analyze data from our interviews. In 
section 4, we describe and interpret the results of 
the data analysis. Finally, in section 5, we present 
our conclusions and future work.

2. LITERATURE REVIEW

In this section, we first present the four m-learning 
generations to give the reader an overview of the 
past and present m-learning applications, and 
the challenges as well as the advantages of ap-
plications within the most recent generation (i.e. 
‘learning-contexts’-aware adaptive). Thereafter, 
related work on m-learning organizer applications 
is discussed. Finally, a brief overview of psychol-
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ogy literature is presented relating to the learning 
process of a learner.

The Four M-Learning Generations

We have categorized m-learning applications into 
four generations – ’non-adaptive’, ‘learning-
preferences’-based adaptive ‘learning-contexts’-
based adaptive and ‘learning-contexts’-aware 
adaptive. Each of these generations motivates the 
practice of the subsequent generations.

The initial basis for the adoption of m-learning 
has been the portability of mobile devices and 
the accessibility of learning materials from them, 
either offline or online. This represents the first 
‘non-adaptive’ generation which was seen as “e-
learning through mobile computational devices” 
(Quinn, 2000). These initial m-learning applica-
tions transferred existing e-learning materials 
onto mobile devices to enable portability. Generic 
learning content viewed by students is a com-
mon characteristic between applications within 
this generation i.e. a ‘one-size-fits-all’ approach, 
and the needs of individual learners may not be 
catered for. The main focus of these applications 
is on providing learning content in a mobile for-
mat to enable access irrespective of location and 
time (e.g. exam revision via a PDA (Bull & Reid, 
2004)), as well as where the use of desktop and/or 
laptop computers is inconvenient or impractical 
(e.g. a PDA guided tour tool in the Tate Modern 
museum (Proctor & Burton, 2004). Becking et al. 
(2004) noted that applications of this generation 
must consider the size and font, quality and scope, 
as well as how learning materials fit on mobile 
devices. Further studies were identified by them in 
order to advance m-learning research which relate 
to the three subsequent m-learning generations.

The second ‘learning-preferences’-based 
adaptive generation focuses on the importance 
of adapting applications to learner profiles or 
models (attributes typically include learners’ 
individual learning preferences, learning strate-
gies and learning characteristics). The concept of 

‘adaptive learning’ has arisen as a result of the 
previously-developed generic learning materials. 
The aims of these applications is to (a) move to-
wards delivering personalized and user-centered 
learning content to learners and (b) to enhance 
the learning quality and experiences that it may 
give to users by matching the content to students’ 
learning preferences (Laouris & Etekleous, 2005). 
Distance learning students may especially benefit 
from a personalized application (Meisalo et al., 
2002) of two reasons. First, the learning goals of 
a diverse range of distance-learning students may 
not be met by a generic course. For example, they 
may have vast differences between their ages, 
educational backgrounds, family commitments 
and responsibilities, proficiency levels, learning 
needs and requirements. Secondly, these students 
work independently away from their education 
institution. Intelligent customization of learning 
materials may result in them acquiring a higher 
level of understanding, becoming more motivated 
to learn/study, and achieving an improved learning 
experience. Similarly, m-learning students may 
benefit from adaptive learning because of the 
limitations of mobile devices, possible restric-
tions or distractions in m-learning environments 
resulting in possible lower levels of concentration, 
and the special requirements of mobile learners 
(Parsons et al., 2007).

It has been argued that by presenting learn-
ers with learning materials which are consistent 
with the learner’s preferences or characteristics 
and when the material structure and content suits 
the students’ learning styles, results in additional 
pedagogical benefits for learners. These include 
increased effectiveness in achieving understand-
ing of learning concepts and simpler acquisition 
or absorption of learning content (Riding, 1996). 
Extensive research results had been gained by 
Graf (2007) which established, via two evaluative 
studies, that a relationship does exist between a 
learners’ learning styles (as defined by the dimen-
sions within the Felder and Silverman learning 
styles model (Felder and Silverman, 1988) and 
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their working memory capacity. It was found that 
learners with a balanced learning style for the 
active/reflective and the sensing/intuitive dimen-
sion, and those with a verbal learning style, tend 
to have a higher memory capacity. Learners with 
high working memory capacity may be those with 
a verbal or visual learning style.

The third and fourth m-learning generations 
deploy the use of ‘learning contexts’ within the 
applications for representing different learning 
situations, and stipulate the importance of selecting 
appropriate learning materials and activities for 
students (or filtering out inappropriate materials) 
based on these. A learning context is used to de-
fine and describe pedagogical components which 
can be incorporated into the design of m-learning 
applications to facilitate learning services. An 
encompassing definition of a learning context is 
“the circumstances in which, or conditions that 
surrounds the learning” (Basaeed et al., 2007). 
These may include any conditions “which affect 
the learner’s learning service discovery and ac-
cess such as learner’s profiles and preferences, 
network channels and devices the learners are 
using to connect to the Web etc” (Yang & Chen, 
2006). A learning context space has been defined 
by Wang (2004) which describes many contextual 
factors within six different dimensions.

Many challenges are involved in the process 
of the deployment of learning contexts within 
m-learning applications. Two stages are involved 
– retrieval of learning contexts, and determining 
whether or not as well as in which approach an 
action is to be performed.

•	 A method of retrieval of learning contexts 
is required in order for learning contexts 
to be deployable. There are two types of 
retrieval methods – interactive and pro-
active, also known as non-automatic and 
automatic. Interactive applications di-
rectly issue requests to the users to input 
information about their learning contexts. 
Proactive applications automatically re-

trieve this information via sensor technolo-
gies such as GPS (Jones & Brown, 2002). 
The elimination of the need to input val-
ues aims to provide ease of use and con-
venience to users. Note that for location-
tracking, GPS is ineffective indoors and 
in public transport and RFID tags must be 
attached in specific areas beforehand in or-
der to detect the user’s location. A further 
issue is how to maintain users’ privacy and 
integrity (Synnes et al., 2003). Additional 
challenges include detecting a user’s inter-
nal contexts (such as their emotions, inten-
tions and motivation).

Note that we have classified interactive m-
learning applications as applications within the 
‘learning contexts’-based adaptive generation.

•	 Once the information is obtained from the 
retrieved learning contexts, the application 
determines whether or not an action should 
be performed. Actions can be either active 
or passive, and the learning contexts which 
are associated with these actions are known 
as active and passive contexts. An active 
context influences directly the behaviors 
of an application. For example, a handheld 
learning organizer may automatically de-
tect when the user walks past the library, 
whether the library books which they have 
reserved are available (Ryu & Parsons, 
2008). A passive context is retrieved by 
the system but may not necessarily cause 
an action to be performed. For example, in 
Martin et al.’s (2006) adaptation mecha-
nism, when an activity becomes available, 
their alert module determines whether or 
not to interrupt the user. The user is only 
interrupted when an activity of a higher 
priority becomes available; otherwise the 
user is not interrupted at that time.
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Note that an application is context-aware if 
it can detect and become aware of contexts us-
ing sensor technologies without the user having 
to provide this information; these applications 
are classified into the ‘learning-contexts’-aware 
adaptive m-learning generation.

Advantages of deploying learning contexts and 
developing context-aware m-learning applications 
are centered on the following two concepts.

1. 	 Improving the learning/studying situation – 
context-aware m-learning applications can 
enable real-time situated-learning to take 
place in real physical environments and 
increase learning effectiveness for students 
(Basaeed et al., 2007). Some materials are 
not desirable for the learner to study/learn 
in some locations and under certain circum-
stances. By filtering these out and selecting 
appropriate learning materials, learning op-
portunities can be improved and enhanced 
(Cui & Bull, 2005).

2. 	 Providing convenience to learners – this 
enables the user to focus more on the learning 
situation and less on the technology (Winters 
and Price, 2004) and eliminates the need for 
uses to provide information to the system 
(Schilit et al., 1994). Timely information to 
learners can be provided (for example in a 
museum). The output of the mobile device 
can be adapted to suit the current situation 
(for example, adjusting font-size, volume, 
brightness, and privacy settings) (Schmidt, 
2000).

Real practical benefits of using user-context 
information have been demonstrated by a number 
of authors within the context-aware m-learning 
field, as follows.

•	 The Learning Chinese application (Chen 
& Chou, 2007) was designed to facilitate 
learners who carried a PDA equipped with 
an RFID reader and used this to access 

Chinese dialogs in order to facilitate real-
life conversations with others in the Taipei 
underground stations.

•	 JAPELAS (Ogata & Yano, 2004a) was de-
signed for learning Japanese expressions as 
these differ when used in different formal-
ity and when used speaking with people of 
a different/higher/lower rank. The system 
uses RFID tags which are attached to dif-
ferent meeting rooms (to simulate differ-
ent formality). The learner uses a PDA and 
plays a role of a certain rank. Only appro-
priate expressions for that room and rank-
ing are displayed on their device for them 
to practice with.

•	 TANGO (Ogata & Yano, 2004a) has been 
designed to help Japanese students to iden-
tify English words with physical objects 
which read, via RIFD tags on the mobile 
device, the word corresponding to the 
object.

•	 Learning Reminder (Ryu & Parsons, 2008) 
was designed to help students to find their 
way to different locations on campus (such 
as lecture halls). GPS is used for location-
tracking and finding directions. Also con-
textual help is given to learners such as the 
notification of a book which has become 
available when they walk past the library.

•	 English Vocabulary Learning (Chen et 
al., 2007) uses WLAN positioning tech-
nologies to identify the learner’s location. 
Then, given the learner’s location, time for 
learning, and individual abilities to adapt 
appropriate learning content to learners 
in order to promote learner interests and 
performance.

•	 JAMIOLAS (Ogata et al., 2006) simulates 
and helps foreign learners to recognize 
different physical situations/scenarios by 
presenting the visualizations of them, and 
then providing the correct corresponding 
Japanese impression/mimicry for them to 
learn.
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•	 CLUE (Ogata & Yano, 2004b) makes use 
of the community context (i.e. the learner 
themselves and other learners surround-
ing them) for helping them to gain col-
laborative knowledge or to aid collabora-
tive learning; making use of a ‘knowledge 
awareness’ map.

•	 Bird- (Chen et al., 2002) and butterfly-
watching learning system applications 
(Chen et al., 2004) were developed to al-
low students to simultaneously watch real-
life living things outdoors and access spe-
cific information and details about these 
from their mobile devices.

•	 A Savannah situated learning application 
(Facer et al., 2004) was developed in or-
der to encourage students’ understanding 
of animal behavior. This involves children 
simulating and acting out different ani-
mals. A particular task of the game involves 
avoiding some animal types for survival.

Related Work on M-Learning 
Organizer Applications

Related work includes that of Corlett et al. (2005) 
who noted that the built-in software in mobile 
computing devices was not designed particularly 
to support students’ learning activities such as at-
tending lectures, reading course content, revising 
and meeting course deadlines. Subsequently, they 
developed a student learning organizer which 
included the standard pocket PC applications and 
incorporated specific tools for students to access 
course material, view their timetables, communi-
cate via email and instant messaging, and organize 
ideas and notes; however this tool is not context-
aware. Initial investigation for the requirements 
of an m-learning organizer established that there 
was a demand by users for institutional support 
of m-learning, especially for timetabling informa-
tion and providing course content (Ibid). Learning 
organizers have been used in other m-learning 
systems (Ibid; Ryu & Parsons, 2008); however 

these have not been for the purpose of capturing 
and retrieving users’ contexts.

Psychology Literature Relating 
to the Learning Process

Three objectives were identified by Steinar (1996) 
for building a psychological learning process in 
learning the vocabulary of a foreign language: (1) 
the vocabulary must be learned efficiently and ac-
cording to the difficulty degree of the materials. 
(2) The learning process must ensure that long-
term retention of materials can be held. (3) The 
usefulness of certain words in the vocabulary must 
be identified and held according to their utility. In-
dividuals may also experience dissimilarities due 
to their existing knowledge and personal learning 
habits. Adaptive vocabulary learning can enhance 
a student’s learning process in learning a foreign 
language. Other processes including perception 
and motivation have a critical role in the course 
of learning (Walker, 1996), and these can also 
be taken into consideration in adaptive learning.

Learning can be said to be implicit when “sub-
jects behave as if they have learned something 
but they cannot report what they have learned” 
(Frick & Lee, 1995). In the field of psychology, 
learning is usually assessed by performance via 
intentional or unintentional retrieval of this knowl-
edge (Buchner & Wippich, 1998). Three main test 
paradigms for examining implicit learning have 
been summarised by Valentino (2002) – artificial 
grammar, sequence learning and process control. 
These test paradigms can be conducted to collect 
and analyse participants’ implicit learning relating 
to concept knowledge, procedural knowledge and 
knowledge of specific instances, respectively.

3.RESEARCH METHODOLOGY

The initial decision to adopt an interview study 
as one of our research methodology approaches 
was to examine and evaluate our framework from 
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a pedagogical perspective, prior to its technical 
implementation. An exploratory interview study 
was the most appropriate way to gain the users’ 
perspectives and to achieve these aims. “Inter-
views can provide rich data and give considerable 
insight into perception and attitudes. Misconcep-
tions of misunderstandings about what is being 
asked can be recognized and dealt with at the 
time. Interviewee has the opportunity to express 
opinions important to them, clarify ideas and 
feel that these are valued. The interview can be 
a learning process for both the interviewer and 
interviewee” (Taylor et al., 2002). Grasso and 
Roselli (2005) argued that due to the nature of 
m-learning which can occur in highly unpredict-
able places and conditions, a precise and accurate 
analysis of the requirements of target users are 
essential during the design phase of m-learning 
applications. Related work includes an interview 
study conducted for the design of their mobile 
personal learning organizer (Ryu & Parsons, 
2008). Ten university students were interviewed in 
order to identify their requirements of a personal 
learning organizer particularly in terms of (a) in 
which contexts they would be using the tool, (b) 
which tasks they needed support with, (c) the 
design features of the tool, and (d) information 
that the tool should contain.

This interview study phase is critical for the 
refinement of our framework so that the user 
requirements of the framework can be made 
consistent with the learning requirements of stu-
dents. Our framework would not be feasible for 
students otherwise.

Our framework originally targeted under-
graduate computing students, as we planned to 
use specific Java™ learning objects exclusively. 
However, we decided to expand the scope of the 
framework by excluding these specific materi-
als to include a broader range of students. We 
recruited the sample via lecture announcements 
and advertisement leaflets and asked for voluntary 
participation. However, we also wanted to obtain 
the perspectives of students from other univer-

sity departments and also include postgraduate 
students in our study. The subject areas of our 
37 interviewees include Computer Science and 
related (17), Business Studies and related (7), 
Mathematics (6), Engineering (2), Physics (1), 
Law (1), History (1), Industrial Relations (1) and 
European Cultural Policy and Management (1). 
All participants were university students includ-
ing undergraduates students (in their 1st, 2nd, 3rd, 
and 4th year of study), as well as postgraduate 
students (master’s and doctoral). The age range 
was 18-34. Our interview study commenced with 
a pilot run involving 5 students over two days and 
subsequently 32 students participated in our final 
interview study over three weeks. The same re-
searcher conducted each interview and the duration 
of each interview was approximately 25 minutes. 
After having conducted around 30 interviews, the 
responses from started to recur i.e. there was a 
limited number of different perspectives on each 
interview question. We had decided that further 
interviews would not assist us in revealing much 
more information. Hence, our interview study 
concluded when it had reached 37 participants. 
We were also constrained by time and financial 
resources.

There were limitations to our interview study. 
The sample size of 37 participants consisted pri-
marily of students within our university which 
may not be representative of university students 
in general. In order for participants to answer our 
interview questions, they were required to have an 
understanding of how best they learnt and studied 
and to be able to both reflect upon and articulate 
across this information. However, the level of 
reflection and maturity shown by the students 
varied. Our framework was targeted primarily at 
university students and may not be representative 
of learners at other levels, such as school students. 
Some students may not actually know in which 
location they were most productive in studying in, 
it might have been a matter of trial and error, and/
or gained through learning experiences. Further 
work will include this empirical research once 
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the framework is fully established. Students may 
also not know whether they may be productive in 
studying in one location until they have actually 
studied there. Although this sample is one which 
has been obtained by convenience, the exploratory 
nature of the study does not render it invalid.

4. Data Analysis of Our 
Interview Study

Our interviews had been recorded and then later 
transcribed for analysis. The pedagogical and 
exploratory nature of our interview questions 
required a qualitative data analysis method to 
be used because of the descriptive meaning and 
perspectives we wished to gain from this data. It 
was decided that the content data analysis method 
(Cohen et al., 2007) was to be used for this to allow 
categories of results findings to be emerged from 
the raw interview data. This method is primarily 
used for analyzing qualitative data. This process 
included grouping together the responses from 
participants for each interview question to enable 
categories or themes to be identified. When these 
themes have emerged, the responses correspond-
ing to each category can be grouped together for 
further analysis, and the categories or themes can 
be given appropriate names. The process of our 
data analysis together with our research questions 
of this study are as follows.

a. 	 How do intended users of our framework 
make use of studying in different types 
of locations to increase pedagogical 
effectiveness?

b. 	 Which factors can distract their concentra-
tion when studying?

c. 	 How effective for time managing their stud-
ies, do intended users find from the use of a 
diary?

d. 	 How do the intended users view the use of 
mobile devices for learning or studying with 
in different locations?

e. 	 What are intended user’s views on having 
materials suggested to them based on the 
five proposed learning contexts?

We address the five research questions indi-
vidually in sections 4.1 to 4.5. In 4.6, we present 
the interpretation of our data results analysis to 
answer our three research questions, as discussed 
in section 1. Scenarios of our suggestion mecha-
nism are presented in 4.7.

4.1 How do Intended Users of Our 
Framework Make use of Studying 
in Different Types of Locations to 
Increase Pedagogical Effectiveness?

The variety of locations specified by partici-
pants revealed the typical locations where they 
conducted their learning/studying. We had clas-
sified these locations into four different types of 
environments.

•	 Study-dedicated areas – department offic-
es, computer laboratories, libraries, quiet 
rooms around campus, corridors between 
lectures (this is not a study-dedicated area 
but is institution-based).

•	 Home areas – students’ bedrooms, living 
rooms, dining rooms and kitchens.

•	 Café areas – student lounges, and univer-
sity cafés.

•	 Transport – buses, trains and planes.

Reasons for preferring and choosing the vari-
ous locations to study in were specified and they 
correspond to the four different mutually non-
exclusive types of environments.

1. 	 Wanting to study in designated studying areas 
- 23 participants commented that they were 
motivated to study in these areas because (a) 
these locations were generally quieter with 
fewer work-unrelated distractions, (b) they 
were encouraged by seeing others studying 
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(some may have lacked the psychological 
motivation to study alone in private areas), 
and/or (c) they required library or computing 
resources. Group project students stated that 
they preferred to study in the learning grid 
(within our university) because it had good 
group-work facilities (such as presentation 
areas and whiteboards). A number of com-
puter science students noted that they found 
it productive to work in the computer labo-
ratories where they were able to collaborate 
and discuss programming problems with 
others. Learning in groups was mentioned 
as a preference by some participants as they 
worked more effectively when collaborating.

2. 	 Preferring to study alone - 24 participants 
commented that they preferred to study in 
their bedroom of their home areas because 
they (a) preferred to study in a closed en-
vironment free of distractions from other 
people, (b) found it more convenient and 
relaxing as they may listen to music in the 
background, take breaks and talk to others, 
and eat and drink as and when they wish. 
Some students who did not prefer this type 
of environment explained that they wished 
to distinguish between their work and home 
life.

3. 	 Enjoying the presence of others – 4 partici-
pants specified that they preferred to learn/
study in café areas because they (a) enjoyed 
the presence of others around them when 
they were reading/brainstorming for ideas 
and/or gaining inspirations, (b) must have 
their freedom whilst studying, for example, 
to make phone-calls, eat and drink, talk to 
people (i.e. the study-dedicated areas would 
not be suited to these students) and (c) found 
it psychologically motivating that they were 
progressing with their study whilst others 
were typically talking and relaxing. One 
participant noted that they must work in noisy 
environments, surrounded by many others 
because they would become distracted by 

the absence of distractions, and they could 
concentrate well in noisy environments.

4. 	 Making use of idle time – 6 participants noted 
that they had studied or studied regularly 
on transport such as buses, trains or planes 
with the typical reason of making use of idle 
time. Some of these participants noted that 
they found it comfortable and enjoyable to 
read (which is the typical learning activity 
performed on transport) and to make com-
muting time pass quicker. Another reason 
is the tight coursework deadlines. However 
reported problems included not having 
enough working space.

Note that the locations in category (1) would 
be classified as fixed environments, whereas the 
locations in categories (2), (3) and (4) would be 
classified as non-fixed or mobile environments.

The data shows that participants may have more 
than one preferred location (or types of locations) 
for learning/studying in, and also a varying degree 
of preference for studying in different locations. 
For example, some of the participants specified 
that they must study in a certain location due to 
their specified study requirements and cannot 
study anywhere else; whereas for others it is a 
matter of habit and/or convenience. Two examples 
are given to illustrate the latter. First, a student 
may study occasionally in the library on university 
campus during gaps between lectures because of 
the convenience, even though this may not be their 
preferred location. Secondly, the student may find 
it convenient to study at home on their home com-
puter where all of their software programs were 
installed and available, but they were aware that 
they would be more productive when studying in 
the computer laboratories. However, it was noted 
that they were still able to be productive in any of 
these locations, and that sometimes a change of 
environment could also help them to study better 
and/or to gain psychological motivation where 
necessary. This was especially if and when they 



40

M-Learning Generations and Interview Study Results

realized that they were procrastinating with their 
studies and could not be very productive.

21 participants noted that they often have 
had to study in places where they did not wish to 
study, for example (a) in laboratories for sched-
uled classes which they noted could sometimes 
get very hot and noisy, (b) in department offices 
due to the vast amount of work necessary to be 
completed and in order to attend required meet-
ings, or (c) at the family home during the holidays 
which could sometimes be distracting because 
of the possibilities of spending leisure time with 
family instead of studying. On the contrary, 16 
participants had noted that they were not restricted 
to studying in places which they did not want to 
study because they always had alternative places 
to go to. Students reported the negative effects in 
terms of their learning/studying could be caused 
if they were studying in places where they did not 
wish to study or when, knowing that there was a 
possibility of frequent interruption.

4.2 Which Factors can Affect 
Concentration when Studying?

Distractions and interruptions in specific locations 
could disturb some students’ concentration. There 
was a tendency for them to procrastinate and there 
was a higher possibility of discontinuing the work 
altogether because they were aware that their acts 
of studying were not effective anyway. Distrac-
tions and interruptions could affect more those 
students who had to hold longer sustained thoughts 
(such as when writing original essays and analyz-
ing data, and solving technical engineering, maths 
or computer programming problems). Participants 
distinguished two types of distractions – helpful 
and non-helpful. Helpful distractions were those 
which, for example, took place in a computer 
laboratory and are work-related (such as discussing 
about programming assignments). They noted that 
studying here may be more beneficial than study-
ing at home without any distractions, but lacking 
any work-related human interactions. Participants 

were often aware of which environments may be 
more distractive than others.

The main noted factors that could break partici-
pants’ concentration when studying are specified 
below. They are categorized into external factors 
which relates to the environment (a-e), and internal 
factors which relates to the learner (f-g).

a. 	 Noises - including constant and sudden, peo-
ple talking and keyboard typing. Different 
participants had reported different degrees 
of influences and sensitivity towards the 
different types of noises which affected their 
concentration. Some students reported that 
noises and distractions sometimes did not 
affect them when they had found their work 
very interesting or were engrossed in their 
work.

b. 	 How busy the environment is (i.e. the number 
of people around, coming and going) – this 
was noted as one of the main sources of 
distractions.

c. 	 The temperature of a location, for example 
if it is too hot or too cold.

d. 	 Light – some students had preferences for 
studying with sunlight, whilst others had 
preferred bright or dim lights. This was 
usually a matter of preference and students 
were able to still study under other types of 
lighting which they did not prefer.

e. 	 The layout of the room including the tidiness 
of desks – some students had commented that 
the layout of the room could be a source of 
distraction for them, if the room was untidy 
or contained too much furniture or were 
working on a very messy desk, for example. 
Graetz (2006) also supports this.

f. 	 The motivation of the learner had a huge 
effect on determining whether they would 
successfully carry out and complete their 
study activity. The lack of motivation (and 
whether they wanted to do other things in-
stead of studying) is one of the main sources 
of internal distractions.
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Note that Graetz (2006) had observed that some 
students were more easily distracted than others 
when they were studying and that there was a 
relationship between the external and internal dis-
tractions. For example, a highly motivated student 
wishing to complete their work is more likely to 
continue working on their activity despite possible 
environmental distractions. A less motivated stu-
dent is more likely to discontinue with their work 
if they are studying in a non-ideal environment 
prone to distractions and interruptions.

g. 	 The urgency of the task and whether there 
is a lot of pressure for completion due to 
tight deadlines, had an effect on how well 
a student can concentrate. A positive effect 
could sometimes be caused, leading students 
to concentrate better until the completion of 
it. However, it could sometimes have a nega-
tive effect which may lead to stress and this 
may cause students to become distracted.

Other factors such as food and drink were 
mentioned, as being a physical requirement that 
normally needed to be met in order to carry out 
study activities and could be a source of distrac-
tions otherwise. The time of day was mentioned 
as a preference as some students could work 
much better in some parts of the day than other 
parts. They could be unproductive if they tried 
to study during the latter times and may be more 
easily susceptible to both external and internal 
distractions.

4.3 How Effective for Time Managing 
their Studies, do Intended Users 
Find the Use of a Diary?

Many of our participants had regularly been us-
ing a diary for time management of their studies. 
Two types of diaries were used by participants 
– paper-based and electronic-based.

•	 17 participants had reported that they had 
made use of paper-based diaries, and gave 
two main reasons. First, they preferred to 
use their hand to write down new sched-
uled events, cross off events which had 
been completed, and to update their diary 
as and when necessary; the diaries were 
also portable. Second, they felt that the 
paper diaries were more convenient than 
electronic ones because they did not re-
quire being switched on.

•	 10 participants had reported that they had 
made use of electronic-based diaries on 
their PDA or mobile computer. Participants 
reported that the main feature they liked 
about having their diary electronically on 
their mobile device was that it offered an 
integrated and portable approach. This 
meant that they were able to use the same 
device for other activities such as reading 
and creating lecture notes, office applica-
tions, Internet browsing and other mobile 
phone services, and would be able to syn-
chronize the diaries with their desktop/lap-
top computers.

Many advantages were common to the two 
types of diary usage. Planning and assigning 
time for tasks to be completed were made easier 
because the diaries allowed them to visually see 
the free blocks of time in day/week/month format, 
and priorities at any point could be viewed and 
planned. In addition, it could make it easier for 
tasks to be broken down and assigned into free 
slots and then to decide whether they had enough 
time for additional events. Events which required 
immediate completion could be noted down. Us-
ers could plan out everything to be completed on 
a day so that no time was wasted and in order to 
assign time for other activities. Finally, the act of 
planning, including the decisions on which tasks to 
be performed, how they should be prioritized, and 
how to deal with possible distractions, particularly 
when carrying out many tasks simultaneously, 
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could also be a strategy for reaching the desired 
goals (Claessens, 2004).

A third type of diary user was revealed – these 
were users who kept a ‘mental’ diary. 10 partici-
pants had commented that they kept a ‘mental’ 
diary and did not use a physical paper-based or 
electronic-based diary. There were two main pos-
sible reasons for this. First, participants felt that 
physical diaries were unnecessary and were not 
helpful for their time management. Second, they 
felt that they would become forgetful as a result 
of using physical diaries and were generally not 
accustomed to the use of these. These users noted 
that they were able to remember their events and 
tasks which they needed to attend to and complete, 
as well as the deadlines for these, and could also 
plan and schedule their events and tasks clearly 
in their minds.

Note that there were two more categories of 
people that did not use electronic or paper based 
diaries and only loosely use the concept of a men-
tal diary. Learners in the first category regarded 
themselves as too lazy and felt that the physical 
diaries required too much time and effort to keep 
and update. These learners are often forgetful of 
events even using a mental diary. Learners in the 
second category did not want a planned set of 
events to be carried out each day, but rather wanted 
to be spontaneous. These participants noted that 
they often carried out ‘mental scheduling’ which 
they did not necessarily have to stick to strictly 
but did have an idea of what they were required 
to carry out that day.

In terms of how closely students followed the 
scheduled events in their diaries, three categories 
were identified – closely follow it, loosely follow 
it, and like being spontaneous.

•	 The users who closely followed their 
schedules usually did attend all their 
events as planned, aside from when there 
were exceptional circumstances, such as if 
they were ill or if something more urgent 

came up, then they would rearrange their 
schedule. Some noted if they planned and 
wrote down the events in their diary, they 
would keep all of them.

•	 The users who loosely followed their 
schedule may put a lot of events into their 
diary which they may or may not attend 
depending on their mood and/or whether 
they had sufficient time when the time ar-
rived. They used their diary more as a ref-
erence to remind them of possible events 
to go to, or possible tasks to complete at 
any one time. They noted that the diary 
was not used to record a set of events that 
they must strictly adhere to, although they 
did generally carry out the set of tasks that 
they had planned each day, especially the 
important events and meeting coursework 
deadlines. Some users had reported that 
they had missed less important events, so-
cial meeting, due to tiredness, for example.

•	 The third category of users liked being 
spontaneous and not follow a set of sched-
uled events. This corresponds to the ‘men-
tal’ diary users. They carried out tasks se-
lectively depending on their mood. They 
commented that they would not be able to 
follow a schedule.

It is important to note that all three types of 
users commented that they would keep all of their 
coursework deadlines.

4.4 How do the Intended Users’ View 
the use of Mobile Devices for Learning 
or Studying in Different Locations?

Computers and laptop computers were the two 
most common devices that participants used regu-
larly for their studies. The locations in which they 
would use these devices to carry out their studying 
activities included the four types of environments, 
study-dedicated areas, home areas, café areas and 
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transport. Participants had used the following 
programs frequently as part of their studies.

•	 Internet browsers (including Internet 
Explorer, Firefox).

•	 Microsoft Office (including Word, Excel, 
PowerPoint, Database), OpenOffice.org, 
Latex, Adobe Reader, translation tools, 
dictionaries and notes-linking (such as 
Tomboy notes).

•	 Programming tools (including Netbeans, 
Eclipse, Python, and developing environ-
ments for C++).

•	 Statistical programs (including Matlab, 
SPSS, Minitab).

•	 Drawing programs (including Corel Draw 
and Solid Works for Engineering).

•	 Others which are subject-specific, includ-
ing Clampex and LCS lite.

Our interview study revealed three different 
user perspectives regarding the deployment of 
mobile devices (which includes portable laptops) 
for learning or studying with, as follows. It is in-
teresting to note that some students may not want 
to use mobile devices for studying, but may want 
to carry out learning/studying tasks in non-fixed 
environments.

1. 	 Enthusiastic– 11 participants reported that 
they would (or already did) use mobile de-
vices their learning activities, for example, 
accessing lecture notes and audio files from 
both on- and offline.

2. 	 Recognizing potential – 16 participants 
noted that they would use mobile devices 
for learning/studying under specific circum-
stances, such as, commuting, or attending 
conferences.

3. 	 Not useful – 10 participants thought mobile 
devices would not be useful or that they had 
no need for them because of the following 
reasons (Wang and Higgins (2005) noted 

that many people lacked the psychologi-
cal motivation needed for mobile learning, 
which supports our findings).
a. 	 They would prefer to sit down at a desk 

to study/learn.
b. 	 They do not want to study/learn when 

outside dedicated studying hours.
c. 	 They do not like technology and/or 

would prefer to handwrite.
d. 	 The device is too small and they don’t 

feel comfortable using it.

These users’ perspectives are critical in terms 
of determining whether users would deploy a 
mobile device for their studies, and whether an 
m-learning application or project would be suc-
cessful. One of the noted reasons that they may 
not want to do m-learning was that they did not 
wish to study outside their dedicated hours; this 
was not necessarily related to the actual use of 
mobile devices for learning/studying.

When asked whether they minded their loca-
tion being tracked by the GPS function of mobile 
devices, 28 participants did not mind. However it 
was noted that an option of being able to switch 
off the GPS function must be available. 9 students 
felt that the location-tracking would be an intrusion 
and would mind people knowing their locations 
mainly because they would not want others to 
know if they were not in lectures or at work or 
did not want to be contactable at all.

4.5 What are Learner’s Views 
on Having Learning Materials 
Suggested to Them Based on the 
Proposed Learning Contexts?

In this section, we present the learners’ views 
on the advantages and disadvantages of learning 
material recommendation in the five proposed 
contexts - learning styles, knowledge level, con-
centration level, frequency of interruption and 
available time.
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Views on Learning Material Recommendation 
Based on Learning Styles
Participants’ views regarding whether they were 
aware of their learning styles are first discussed, 
followed by positive points noted about having 
materials suggested to them based on their learn-
ing styles.

Most participants noted that they did have 
preferences over the types of materials that they 
liked to use. These preferences may be related to 
their course of study where sometimes particular 
types of materials are used more than other types. 
For example, a law student is more required to 
read complex notes or textbooks rather than read 
illustrated diagrams or pictures; a mathematics 
student is more required to try out a lot of active 
examples or exercises to see whether they have 
understood the complex theory. 28 participants 
considered that it is important to learn according 
to their learning preferences, 5 were unsure, 2 
thought it was not important, and to have a wide 
range of learning materials available to them. 31 
participants thought that it would be useful to 
have learning materials selected based on their 
learning styles because personalizing materials 
would mean that they would have a more ef-
fective learning experience. Two examples are 
given – (1) for visual learners, it may be useful 
to present them with animated materials or maths 
podcasts, or illustrative examples and graphs and 
(2) for global users, it may be helpful to present 
first a brief overview before the detailed informa-
tion. One student noted that “learning things is 
difficult and any kind of solution to make things 
easier would be good”.

Conversely, 6 participants noted that they 
would not like to have learning materials selected 
for them because learning preferences may change 
depending on what it is that they were doing, or 
from time to time, and may prefer to select or 
create their own learning materials themselves 
since the act of looking for materials could help 
them learn or gain an overview of a topic.

Views on Learning Material Recommendation 
Based on Knowledge Level
31 participants commented that they would find 
it useful to have learning materials selected ac-
cording to their knowledge level because (a) it 
can eliminate possible frustration which students 
may experience when given questions not at the 
right level for them, and (b) learning efficiency 
could be increased if information presented to 
them were at the appropriate knowledge level. 
Extra information on their weak areas could be 
provided to them to focus on improvement, as 
well as options to expand could be provided if 
difficulties were experienced in certain topics. 
The application could push the students to the 
standards required, if the syllabus was known.

6 participants noted the disadvantages of 
recommending learning materials based on their 
knowledge level because of (a) they were being 
skeptical about the application being able to find 
appropriate materials of the right knowledge level 
or of interest for them, and (b) if allowed to view 
a wider spectrum of materials, they may have the 
chance to pick up some extra knowledge.

Our proposed application has been described 
as a convenient information access application. 
Participants noted that it had the potential (1) of 
providing them with different types of learning 
materials (for example summaries, abstracts or 
extended information) which would save them 
time and effort to search themselves; (2) of target-
ing it to users so that they did not have to filter 
through lots of irrelevant information. Note that 
this also applies to the learning styles recom-
mendation section.

Views on Learning Material Recommendation 
Based on Concentration Level
A range of responses were received when partici-
pants were asked about whether they would find it 
useful to have learning materials selected accord-
ing to their concentration level. For example, one 
student noted that it would be good if they were 
given podcasts to learn with using earphones in 
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a noisy environment which would be easier than 
having to read notes. Or similarly, they would 
find something easier to concentrate on when they 
were aware of their lower levels of concentration. 
However, another student noted that this would not 
be helpful because although they were working 
in a non-ideal and distractive environment, they 
would still have to do the same complexity level 
of questions. The application should not then 
suggest easier problems to accommodate the fact 
that they may not be as good at answering them.

Additional issues noted by participants were 
that (1) they did not know how their concentration 
could be extracted and conveyed to the tool. (2) 
One had to concentrate in order to learn. (3) Per-
haps if they stopped concentrating, a break would 
be beneficial for them, rather than having different 
materials recommended or changed; breaks were 
often necessary to sustain concentration over a 
long period of time. A refined requirement of the 
framework may be that the tool should only sug-
gest materials at the beginning of the session and 
not make any alterations or further recommenda-
tions if the students’ circumstances change, unless 
if they requested. The level of reflection which 
is required to understand materials is important 
and this could determine which type of materials 
would be suitable for which location. Similarly, 
one participant noted that if they were reading the 
news, as long as they knew where they stopped 
before they were interrupted, they would be fine 
with simultaneously or intermittently doing other 
tasks. On the other hand, if they were reading for 
example a journal article, then much more care-
ful consideration would be required. In the latter 
scenario, they would not be able to be distracted 
by distractions/interruptions and be equally ef-
ficient and productive.

Views on Learning Material Recommendation 
Based on Frequency of Interruption
Many students were concerned about whether 
materials could really be selected according to 
the frequency of interruption at a location, how 

this frequency could be obtained and how this 
would affect the students’ learning in that loca-
tion. Positive feedback included that this could 
be a useful feature for keeping track of the place 
of learner’s materials if they were interrupted, 
and also selecting smaller amounts of materials 
for learners if they were in locations with high 
frequencies of interruptions. Suggested strategies 
that the framework could apply with regards to a 
certain frequency of study interruption:

•	 If they were interrupted often, then an out-
line and/or an abstract level of the presen-
tation of materials would be appropriate.

•	 It would be appropriate to delay the more 
detailed prolong problem tasks until stu-
dents were situated in a better environment 
where they could concentrate for a longer 
period of time.

Noteworthy: Possible distractions and inter-
ruptions are almost unavoidable in any location, 
either internal (relating to the learner) or external 
(relating to the environment).

Views on Learning Material Recommendation 
Based on Available Time
Relating to the selection of materials according to 
the available time function, most students agreed 
that this would be a useful time-management 
feature. Participants had different preferences for 
the kind of tasks they would prefer to perform 
in different available time slots. The following 
examples are given by different participants:

•	 If they only had half an hour to spare and 
had both reading and programming to do. 
Even though the programming task might 
be more urgent, it would not be possible for 
them to do it in half an hour. Therefore, it 
would be appropriate if the tool knew that 
and selected the reading for them to do.

•	 A reasonable amount of time is required in 
order for them to be fully engaged in their 
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work. For example, they would accomplish 
more in one session lasting one hour than 
two sessions lasting half an hour each. If 
the framework could suggest useful mate-
rials for longer periods of time rather than 
shorter periods of time that would be use-
ful. Similarly a summary could be select-
ed for students who only had ten minutes 
prior to a lecture. Only if they had more 
time, they could read more.Some partici-
pants would like to finish the whole topic 
at once, rather than being interrupted half 
way through. So, given that they knew how 
much time they had available, the level of 
detail and the conciseness would be depen-
dent on the time available.

Noteworthy: Additional noted disadvantages 
of the overall learning material recommenda-
tion include missed opportunity of learning and 
distrust.

Missed Opportunity of learning – Some par-
ticipants noted that sometimes it was the act of 
looking for something that helped them to learn. 
For example, they may not possibly have known 
about certain materials if they only used materials 
which they were given. Some participants insisted 
that they would want to find or make the materials 
themselves. For example, one participant noted 
that they would need to draw their own spider maps 
to obtain their understanding on a topic and would 
not be satisfied with any that had been reproduced. 
Another participant noted that it would be useful 
to be able to see everything and in all different 
directions and did not like systems which could 
possibly limit their potential.

Distrust of using such an application – Some 
participants noted that they did not think that a 
tool could suggest materials that would be suitable 
for them and/or what they would be looking for. 
For example, would an accurate representation 
of their learning styles and knowledge levels be 
obtained? Particularly, one student noted that they 
may not be a knowledge level for fields such as 

social sciences, perhaps only more for factual 
topics such as sciences. Some participants noted 
that they may rather find learning materials them-
selves as they find that more effortless, rather than 
having to go through a program that they may not 
understand. Some participants noted that learning 
preferences might be difficult to identify. The 
application might not be able to identify them 
correctly and they were also subject to change 
and could be different for different activities that 
they were performing. They noted that it might 
be initially that they wanted materials (such as 
some examples) then later something else, but they 
would like to be the ones who chose, and not be 
passively given to them, or forced into a specific 
way of doing things. It might be useful for initially 
suggest the first materials at the beginning but then 
they would like to see the broad range of things 
to choose from. They noted that the application 
should still allow users the option of doing things 
manually. Some students commented that they 
would not pay for the tool even if they thought it 
would be useful.

4.6 Interpretation of the Data Results

Our data results are interpreted to answer our 
three research questions presented in section 1.

RQ1. Can a proactive method of retrieving learn-
ing contexts, without the use of context-aware 
sensor technologies, be successfully established?

The motivation of the research exercise re-
lating to this question is to ascertain whether a 
self-regulated learning approach of using a learner 
schedule could be used (a) as a simple, yet effec-
tive and accurate method of retrieving the users’ 
time and location contexts proactively, and (b) as 
a means of time management for students’ stud-
ies. The approach required a sufficient amount 
of workload and self-discipline by users to input, 
update, and adhere to both of their scheduled 
study-related and study-unrelated events into an 
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electronic-based learning schedule on a mobile 
device. It is important to note that the participants 
who commented that they kept a diary and fol-
lowed their scheduled events in their diaries were 
especially those students who showed that they 
had a number of self-regulatory characteristics. 
These included that they used their diaries as a 
motivational tool for planning important tasks that 
they would adhere to in the allocated time slots. 
Hence, we can conclude that the learning schedule 
can be an effective and accurate means of retrieving 
the learner’s available time and location contexts, 
and especially those of a self-regulated learner.

Students have informed us, via the interview 
study, that they did follow their events, to a certain 
degree. However, the interview study cannot be 
relied upon as the only source of data results for 
establishing whether they really did follow their 
events. Additional work was required and we had 
conducted a subsequent diary study, based on the 
“diary: diary-interview” study (Zimmerman & 
Wieder, 1977). Preliminary results from our diary 
study showed that out of 275 events recorded by 
32 participants during a period of two days, 251 of 
those events went as anticipated. This means that 
students did successfully adhere to their scheduled 
study-related and study-unrelated events, with a 
rate of 91%. Note that the research methodology 
and further analysis of our diary study will form 
the focus of our next paper.

We had established that many users did use 
a paper-based or electronic-based (indeed on a 
mobile device) on a regular basis, in 4.3. There-
fore, for these users it would not be an additional 
burden on top of their workload. The analysis 
showed that a number of paper-based diary users 
would switch to electronic-based diaries if (a) the 
input of diary events was sufficiently easy and 
trouble-free, (b) they had an electronic-based di-
ary made available to them, and/or (c) they were 
not against the use of mobile technologies. An 
interview study consisting of 15 diary users was 
conducted by Brown and Cranshaw (1998), in 
which it was noted that one of their participants 

commented that they had never thought that they 
would use an electronic-based diary. However, the 
participant was convinced within only a period of 
one week and immediately switched their paper-
based diary to an electronic-based one. Hence, it 
can be concluded that users would be willing to 
use electronic-based diaries, given that they had no 
objections to using mobile devices and the input 
was relatively straight-forward (or even having 
their lectures timetables directly transferrable to 
the device). Users would also be more inclined to 
use electronic-based diaries if they used and found 
other accompanying software applications useful 
on the mobile device. It is interesting to note that 
those students who used an electronic-based diary 
as well as other software applications on their 
mobile devices were computer science students.

RQ2. Which learning contexts are necessary 
attributes of a pedagogical mobile learning 
framework?

In order to answer this question, we first needed 
to ascertain which characteristics of an environ-
ment constituted a good or a bad learning envi-
ronment for students, so as to distinguish which 
are the important learning contexts that should be 
considered. Students often chose environments in 
which they believed they could concentrate well 
for their learning/studying activities, and it was 
revealed that preferences for different learning 
environments, as well as characteristics within 
the environments existed between students. The 
differences may be for different levels of noise, 
levels of busyness (in the environment, such as 
the amount of people coming and leaving), and 
the frequency of interruption. Similarly, they may 
choose environments which they found motivat-
ing for them to learn/study in. Hence, there may 
not be good or bad environments, because one 
environment may be good for one student, but 
bad for another student.

The differences in the preferences for the types 
of learning environments and the characteristics 
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within them across students mean that a generic 
m-learning application would not be suitable for 
them. For example, if an application were to se-
lect a type of learning material for a specific type 
of environment (such as library), due to the fact 
that some students would be able to concentrate 
well here and others would not, a type of learning 
material with a pre-assumed concentration level 
required for the task may be adequate for some 
students but not for others. Hence, the construction 
of a personalized m-learning application may be 
suitable for suggesting/adapting learning materi-
als to students based on their individual learning 
environment preferences.

We consider that this is a new finding within 
the context-aware m-learning field as past and 
current literature and applications have not dealt 
with the issue of different learners having dif-
ferent m-learning and/or learning environment 
preferences, and using these as the basis for cre-
ating personalized m-learning applications. The 
pedagogical benefits for students of using such 
an application and whether it will be successful 
in terms of the students’ learning outcomes have 
yet to be determined, evaluated and proven. We 
believe that the evaluation results gained from 
such an application will help us form future m-
learning pedagogy and would be an interesting 
and useful contribution to our community. This 
will move towards the successful development 
of m-learning applications which can respond to 
the individual and contextual needs of learners. 
This is still a challenging topic without having 
first define what the different m-learning prefer-
ences and learning environmental differences 
could consist of, and then being able to describe 
a mobile learner in terms of these preferences, as 
well as constructing an pedagogically effective 
m-learning application for providing appropriate 
adaptations based on these.

Construction of a taxonomy for describing 
different learner’s m-learning preferences relating 
to the possible recommendable learning materi-
als for these preferences may also be useful for 

building personalized m-learning applications. A 
preliminary m-learning preferences taxonomy can 
be formed, consisting of a learning environmental 
dimension with four attributes – study-dedicated 
areas, home areas, café areas, and transport. Fur-
ther data collection, developmental and evaluative 
work is required in order to construct this taxonomy 
and a personalized m-learning application. Note 
that these are not the focus of this chapter, due to 
time and space constraints, but will form part of 
our future work.

The analysis of the significance of the five pro-
posed learning contexts is presented, as follows.

1. 	 Learning styles – this is both a significant 
and insignificant learning context for learn-
ing in an non-fixed environment and/or with 
mobile devices in scenarios, where students 
do and do not have strong learning styles, 
respectively. Similarly, although a learner 
may have strong learning styles, it does not 
necessarily mean that they want to restrict 
themselves to learning/studying with only 
materials suitable for that particular learning 
style. It may be appropriate to incorporate an 
additional option to prompt users whether 
they would like their materials selected with 
consideration of their learning styles. Note 
that this is only applicable for materials 
within a given topic such as Java™.

2. 	 Knowledge level – this is a significant learn-
ing context for the selection of materials 
within a given topic. It is especially signifi-
cant in time-restricted scenarios, as often is 
in the case of m-learning, to use the correct 
level of knowledge of materials to maximize 
productivity in the time available.

3. 	 Concentration level – this is a significant 
learning context when performing m-learn-
ing. However, it is an attribute which is dif-
ficult to define, measure and quantify. It was 
revealed that the motivation of the learner 
has a significant impact on their concentra-
tion level. For example, a highly motivated 
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student is able to concentrate better, despite 
of environment distractions and can also 
eliminate internal distractions. Using the 
interview data analysis, we hypothesized 
that additional factors – noise, busyness, 
temperature, frequency of interruption, ur-
gency of task, and motivation – also have 
a relationship with the student’s concentra-
tion level. Note that the first four relate to 
the characteristics of an environment, and 
the final two relate to the characteristics 
of a learner. Results were gained from our 
diary study, which suggested that the high-
est positive correlation existed between the 
motivation and the concentration level of 
a student. Hence, the motivation level of 
a student may be a more significant learn-
ing context, than their concentration level. 
Therefore, we propose that the concentration 
level context can be replaced by the motiva-
tion of a learner context, and the latter to be 
used for the suggestion of learning materials 
to students.

4. 	 Frequency of interruption – this is not a sig-
nificant learning context in our m-learning 
framework because no significant benefits 
would be gained from determining appropri-
ate learning materials based on the frequency 
of interruption of a location. It is unavoidable 
that students would be distracted and/or in-
terrupted either externally, and/or internally, 
in both fixed and non-fixed environments.

5. 	 Available time – this is a very significant 
learning context because it was revealed that 
most learners would a) prefer to be able to 
complete a given task in the time that they 
have available, and b) like to work on small 
tasks in the short periods of time that they 
have available.

RQ3. Which learning materials should be recom-
mended to students under different circumstances?

First, we describe the insights gained from our 
participants’ responses. The data shows that a large 
proportion (over two thirds of our participants) 
were either enthusiastic or would find mobile 
devices a possible or potential means of learning. 
In addition, it was revealed that although some of 
the participants opposed to the idea of learning 
with mobile devices, they had frequently learnt/
studied in different non-fixed locations, usually 
using paper-based materials; this we also consider 
as m-learning. We decided that as part of our 
framework, it would be appropriate to not only 
store learning objects for the learning of Java™ 
programming in our repository, which would 
be recommended to students for learning on the 
mobile device based on their learning situation, 
but also to provide a recommendation mechanism 
for those students who may not be using a mobile 
device but would rather would like to learn/study 
with paper-based materials and/or on desktop/
laptop computers in different fixed or non-fixed 
environments.

We believe that our framework has potential in 
improving students’ learning/studying processes 
by suggesting materials to them which are appro-
priate for different learning situations. Reasons are 
explained in section 2. In essence, one branch of 
the framework is a recommendation mechanism 
which suggests appropriate materials to learners 
for their learning situation, not on a mobile device. 
However, the mobile device would be used as a 
learner schedule and a means of retrieving the 
learner’s situation so that appropriate materials 
can be suggested to them. Note that however, the 
range of the different learning materials which a 
student is required to perform will need to be input-
ted in by the user. The scope of our framework is, 
hence, expanded to include any student, and not 
limited to only Java™-learning students. Note that 
learning objects of other topics/subjects may also 
be incorporated into the suggestion mechanism, 
as part of our future work.

It was revealed that some students may not 
always like the selection of materials for them 
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based on their learning situation because they 
would like to be the one who chooses and have 
their own control over their learning activities. 
However, the majority of students can benefit 
from recommendations of learning objects and/or 
learning materials appropriate for their learning 
situation, given that they are indeed appropriate 
for the individual learners. Note that often students 
themselves may select materials for them based 
on (a) how much available time they have at the 
particular point in time, (b) how urgent the task 
is, and/or (c) in the sequential order that some 
tasks need to be performed in. Generally speak-
ing, the higher the motivation and concentration 
level a student has, the higher the possibility and 
capability of them performing (a) more difficult 
tasks in terms of cognition, such as doing Maths 
equations, and (b) tasks which require a high 
level of reflection such as data analysis, essay/
report-writing; and vice versa.

The results of our diary study suggest that 
participants would choose shorter and easier 
learning/studying activities such as planning, 
brainstorming, reading, or none at all (because 
the time available is too short), when they had 
a shorter time for example 15 minutes or less. 
When they had more time available for example 
half an hour or more, they would carry out more 
difficult tasks requiring more concentration such 
as writing assignments and/or coursework, and 
programming etc. Hence, there is also a relation-
ship between the time available that a student has 
and their motivation for carrying out a particular 
learning/studying task. Note that we are currently 
working on the recommendation rules within our 
recommendation mechanism framework.

4.7 Scenarios to Illustrate the 
Rationale of Our Framework

Four scenarios with four different users illustrated 
the potential outcome of the intended recommen-
dation process of our final framework. Note that 
these relate to the suggestion of offline materials 

to students because (a) we would like to illustrate 
in the scenarios the non-requirement of the use 
of mobile devices, and (b) m-learning in differ-
ent environments can and often take place for 
students in their everyday lives, without the use 
of mobile devices.

Scenario A - John is a first-year computer sci-
ence undergraduate student, an active learner and 
a novice to the Java™ programming language. 
He has three hours until his next lecture, and is 
currently in the computer laboratory – he can 
concentrate very well there and will probably 
not be interrupted often. John has a number of 
activities awaiting him for completion – a Java™ 
programming coursework assignment, some un-
assessed Java™ review exercises, and some lecture 
notes to read before his lecture. He chooses at 
this location to initially carry out his coursework 
assignment because he can concentrate very well 
here, the available time that he has is sufficient 
for completing it and actually it is due today. He 
plans to (a) spend 20 minutes of his available time 
after the completion of his assignment to read the 
lecture notes before the lecture, and (b) leave the 
un-assessed Java™ review exercises for after the 
lecture as these are not urgent.

Scenario B - Peter is a second-year engineer-
ing undergraduate student, a reflective learner 
and has approximately an intermediate level of 
knowledge relating to this course/topic. He has 
half an hour until he meets his friends for lunch, 
and is currently in the student lounge – his level 
of concentration there is usually around average 
and he may possibly be interrupted by some of 
his friends who may also be there. The materi-
als which await him for completion include an 
assessed engineering problem sheet, a project 
report to be handed in next week, and a review 
of some problems examples. He chooses to at this 
location do the review of the problem examples, 
and additionally think about the structure of the 
project report and write down some notes. His 
available time before his meeting does not allow 
him to start and make significant progress to the 
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problem sheet and project report; and he plans to 
start these after lunch.

Scenario C - Sarah is a third-year Maths 
student, a visual learner and has an advanced 
knowledge of the Maths topic. She has half an 
hour until her next seminar, and is currently in the 
library café – she cannot concentrate very well 
there and may be interrupted by some friends who 
may also be in there. The materials which await 
her for completion include an assessed Maths 
problem sheet and an assessed Java™ program-
ming assignment both to be handed in next week. 
She decides that she will make an attempt to work 
on her Maths problem sheet because she really 
enjoys this topic and she feels that she will make 
some progress with it even though she may not 
be able to concentrate so well there. She will also 
read through the problem sheet and see if there 
are questions/difficulties with it in which case she 
can ask the tutor in her next seminar. She decides 
to attempt at her Java™ assignment when she 
goes to study at another location where she can 
concentrate more.

Scenario D - Amy is a fourth-year law student, 
a verbal/audio learner and has an advanced knowl-
edge of the law topic. She has half an hour until 
her next meeting with her project supervisor, and 
has currently just boarded her train which takes 
an hour to arrive to campus. After she gets off the 
train, she will need to take yet another bus for the 
duration of 20 minutes. The train she takes every 
day is usually quiet and she can concentrate well; 
however, on her bus journey, it is noisier and she 
cannot concentrate well there because she also 
needs to often look up to see where she would get 
off. The materials which await her for completion 
include some seminar reading, some lecture notes 
reading, and an assessed essay of 5000 words. On 
her one-hour train journey, she chooses to continue 
writing her essay on her laptop. She plans that 
when she is on the bus for 20 minutes, she will 
either do some seminar or lecture notes reading 
or nothing at all because of its short duration and 
she cannot concentrate well there.

5. CONCLUSION AND 
FUTURE WORK

Research in context-aware m-learning and its 
applications is still in its infancy especially in 
terms of its pedagogical components. We have 
developed a mobile context-aware learning 
schedule (mCALS) theoretical framework in an 
attempt to work through some of the pedagogical 
challenges within this field as well as to gain an 
insight and understand the m-learning pedagogy 
that is required for the construction of a m-learning 
framework which meets the pedagogical needs 
of learners. In this chapter, we report how an 
interview study has helped us to ascertain the 
potential feasibility of our m-learning framework 
for use within different learning environments. In 
particular, it has helped us to determine the sig-
nificance of our five proposed learning contexts, 
and the validity of using a learning schedule to 
store and retrieve time and location contexts. The 
original proposed learning materials to be used 
within our mCALS framework were Java™ learn-
ing objects. However, due to the insights gained 
from the interview study, it was revealed that 
although some students may oppose to the use 
of mobile devices, they frequently make use of 
learning/studying in different non-fixed environ-
ments. Hence, if our framework were to consider 
students’ offline studying materials, there may 
be pedagogical benefits for suggesting materials 
to them which may be appropriate for the envi-
ronment that they are situated in. It may also be 
useful to consider the individual m-learning and/
or learning environmental preferences of learners 
within such an application.

Mobile technologies will continue to advance 
themselves in our modern society, however, the 
research work on m-learning pedagogy to accom-
pany this requires much more exhausting efforts. 
Without an understanding of learners’ m-learning 
needs and needs in different learning environ-
ments, the potential use and successfulness of 
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m-learning applications may not be reached and 
cannot be maximized.

The contributions of our research are as fol-
lows.

•	 A development of a simple, yet effective 
and successful proactive approach in re-
trieving user’s available time and location 
contexts, which can be especially benefi-
cial for self-regulated learners.

•	 A proposal of a model to be constructed 
to incorporate students’ individual mobile 
learning preferences which relates to the 
possible recommendable learning materi-
als for these preferences. This proposed 
model is presented in Yau and Joy (2010a). 
Future m-learning applications would ben-
efit from this. Relating to this is the pro-
posal of a personalized m-learning appli-
cation, presented in Yau and Joy (2010b) 
which takes into account learners’ individ-
ual m-learning and learning environmental 
differences as the basis for suggesting ap-
propriate materials for them.

•	 The significances of our five proposed 
learning contexts within a context-aware 
m-learning framework are etablished. It 
was established that the motivation attri-
bute of a learner had a high positive cor-
relation to the concentration of the learner. 
Hence, we propose that the motivation of 
a learner in performing a particular task 
at a particular time at a particular location 
should be considered in m-learning appli-
cations. The awareness of this may result 
in understanding whether a learner would 
or would not perform a particular task suc-
cessfully. Similarly, it may also be used to 
determine whether or not an application 
would be used successfully by students.

•	 The type of materials that may be appro-
priate for students in different learning 
situations.

The detailed analysis of our diary study for the 
triangulation of data together with our interview 
study to inform us the results regarding our three 
research questions are presented in Yau et al. 
(2010). A set of recommendation rules for sug-
gesting appropriate materials to students based on 
their learning circumstances is presented in Yau 
and Joy (2010c). Two further validation studies 
have been conducted to evaluate the mCALS 
framework. The first study is an online experiment 
using the proposed set of suggestion rules for rec-
ommending to student participants particular Java 
learning objects. User feedback was obtained and 
data analyses of this study are presented in Yau 
and Joy (2010d). The second study is an quality 
assessment investigation into Java learning objects 
available in the public domain, in order to deter-
mine whether these are feasible for incorporating 
into our framework so that learners have a much 
larger choice of learning materials to learn/study 
with. Furthermore, a construction of a software 
engineering design of our framework, which can 
be used for the framework implementation as a 
software application on a mobile device.
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