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Abstract 

 
A learning context describes the 

current situation of a learner related to a 

learning activity, and continually changes in 

a mobile learning environment. As a result, 

context-awareness in mobile learning has 

become an essential part when designing 

more adaptive mobile learning systems. In 

this paper, we introduce our novel Context-

aware and Adaptive Learning Schedule 

framework which makes use of a learning 

schedule to support the students’ daily 

routines, and first, adapts the activities to the 

student’s learning styles and then, selects the 

appropriate activity for the learner based on 

their current learning context.  
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1. Introduction 
 

Mobile learning has become widespread and 

students nowadays are able to learn 

anywhere and at any time, enabled by 

mobile technologies and wireless internet 

connections. Goodyear [ 1 ] suggested that 

“there may be good reasons for allowing 

and perhaps encouraging learners to create 

their own ‘learn places’, configuring the 

physical resources available to them in ways 

they find most comfortable, efficient, 

supportive, congenial and convivial”. 

Sharples [2] noted that learners should be 

able to choose the times and locations of 

their learning, and Syvänen et al. [3] stated 

that learning activities should not be bound 

to only one specific environment (e.g. 

classroom), nor should the activities be pre-

structured. Mobile learning can be 

distinguished “by rapid and continual 

changes of context, as the learner moves 

between locations and encounters localised 

resources, services and co-learners” [ 4 ], 

and these different situations of a person 

related to a learning activity are described 

by different learning contexts [5].  

 

Corlett et al. [ 6 ] noted that the built-in 

software in mobile computing devices are 

not designed particularly to support 

students’ learning activities such as 

attending lectures, reading course content, 

revising and meeting course deadlines. 

Subsequently, they developed a student 

learning organizer which included the 

standard pocket pc applications and they 

incorporated specific tools for students to 

access course material, view their timetables, 

communicate via email and instant 

messaging and organize ideas and notes; 

however this tool is not context-aware.  

 

Context-aware mobile learning has become 

increasingly important because of the 

dynamic and continually changing learning 

settings in the learners’ mobile learning 

environment giving rise to many different 

learning contexts. The task of a context-

aware mobile learning application is to sense 

the mobile environment and react to the 

changing context during a student’s learning 

process [4]. Context is a key in the design of 

more adaptive mobile learning systems [7] 

and context-awareness must be integrated 

within the systems in order for them to be 

truly effective [8]. User distraction in the 

mobile learning environment can be 

minimized as a result [ 9 ] and the user’s 

explicit input can also be reduced [ 10 ]. 

Different information needs are required by 

mobile users/learners, and therefore these 

needs must be addressed in different ways 

[11].  



In this paper, we introduce our novel 

Context-aware and Adaptive Learning 

Schedule (CALS) framework, consisting of 

the following three main components –  

 

• A Learning Schedule for supporting 

the learners’ daily routines 

(including both learning-related and 

learning-unrelated events). 

• A Learning Styles adaptation module 

for adapting the learning activities 

according to the students’ learning 

styles.  

• A Context adaptation module first 

identifies the learning context which 

the learner is currently situated in 

which is subsequently combined 

with the filtered activities based on 

the learners’ learning styles, and 

recommends appropriate learning 

activities for them. 

 

The remainder of this paper is organized as 

follows. In Section 2, context-awareness and 

adaptation in mobile learning is examined 

and related research is introduced. In 

Section 3, our CALS framework is explored 

in detail. In Section 4, we discuss our design, 

implementation and evaluation plans. 

Finally, conclusions and future work is 

given in Section 5. 

 

2. Related Work 

 

There has been an increased variety of 

different locations of where students’ 

learning can take place other than in 

educational institutions and at home; this 

includes on public transport (i.e. buses and 

trains etc), in restaurants or pubs [12], as 

well as outdoor places such as parks. The 

conditions within these different locations 

could affect differently a learner’s choice of 

educational task or learning activity, and 

also his/her ability to accomplish a task 

successfully. It was noted by Bull et al. [13] 

that the learner’s interactions with their 

learning device should be structured 

appropriately in their current location, 

considering their concentration level and the 

likelihood of interruption in that location, 

and the available time for study.  

 

There are two types of context-aware 

retrieval applications, known as interactive 

and proactive. The interactive applications 

directly issue requests to the users to input 

contextual information; whereas, the 

proactive applications can automatically 

retrieve the contextual information via some 

sensors such as GPS location sensor [11]. 

Bull et al.’s [13] application is an example 

of an interactive application, such that their 

attributes (location, concentration level, 

likelihood of interruption and available time) 

are inputted by the users.  

 

An example of a proactive application 

includes Martin et al.’s [ 14 ] whom 

developed a system which selects and 

proposes the most appropriate activities to 

be completed at each time to learners. They 

take into account the user’s personal features, 

preferences or previous actions, user’s 

context, including spare time and location. 

They also take into account that users may 

use different physical devices (PCs, laptops, 

mobile phones and PDAs) and the activities 

are adapted to the different devices. There is 

an option which, if appropriate, according to 

the learner’s context, will alert or interrupt 

the users about the availability of an activity. 

Their system also allows collaborative 

activities between users to be performed. 

 

Cheverst et al. [15] developed a system for 

tourists to visit the town, which takes into 

account environmental context such as 

opening times of the city’s attractions and 

the current time of day, which will be 

relevant for creating a tailored tour and to 

navigate a visitor around the city. The 

visitor’s personal context information is also 

stored and used for adapting the visiting 

materials; this includes the visitor’s current 

location, personal profile (interests, 

preferred reading language, set of attractions 

already visited) and learning style (whether 

active/passive role). 

 



3. The CALS Framework 
 

Our proposed system draws upon three 

theoretical foundations – the contexts of 

mobile learning and computing, the Dunn 

and Dunn and the Felder and Silverman 

learning styles models [16]. Our goal is to 

develop a learning application to be used on 

a mobile handheld device, which adapts the 

learning activities to the learners according 

to their learning styles and is also capable of 

detecting the users’ current learning context, 

and recommends appropriate activities for 

them based on these two criteria.  

 

Figure 1 shows the pedagogical architecture 

of our framework, which includes three 

databases - the learner’s profile (including 

their learning styles), the learner’s scheduled 

events and the learning activities. There are 

two adaptation modules – learning styles 

adaptation and context adaptation.  

 

Figure 1 – Pedagogical architecture of 

CALS 

 

 
 

We have chosen to adopt the proactive 

approach because of the increased context-

aware capability. We will retrieve the 

contextual information from the scheduled 

events database, (such as the time available 

for learning and the precise location), and 

two sensors, namely GPS for location 

detection and a microphone for noise 

detection.  

 

We include the learners preferred learning 

styles because learners have different 

psychological properties which relate to 

their learning experiences and these 

considerations should be made [ 17 ]. We 

have identified the Felder and Silverman 

model as one which is appropriate for use 

within our system because this model 

describes the learner in more detail and is 

based on tendencies implying that learners 

can sometimes act differently if they have a 

high preference for certain behaviour [18]. 

Other authors such as Park [19] have also 

adopted the use of the Felder and Silverman 

model for the adaptation of learner’s 

learning styles in their learning systems.  

 
The remainder of this section is organized as 

follows. First, we give a sample scenario to 

illustrate how our adaptation process 

functions. Then we explore each of the 

components of our architecture, namely, 

learner’s profile database, learner’s 

scheduled events database, learning 

activities database, learning styles 

adaptation module and context adaptation 

module. 

 

3.1 Sample scenario 

 

Four users are considered in our sample 

scenario to illustrate our adaptation process: 

John – an active learner, Peter – a reflective 

learner, Sarah – a visual learner and Amy – 

a verbal learner. The activities will be 

adapted to the different learning styles, 

where appropriate. Some of the activities 

defined in our system are as follows – 

A. Formal assessments 

B. Un-assessed exercises 

Learning 
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C. Pre-lecture notes 

D. Learning from examples 

E. Review activity 

F. Discussion about work 

 

It is an hour prior to their lecture. John is 

commuting on a quiet train for an hour; 

Peter is commuting on a noisy bus also for 

an hour; Sarah is in the library whilst Amy 

is in the computer lab. They all would like to 

undertake some learning activities based on 

their current learning situation. B has been 

selected for John as it is considered quiet 

enough for John to concentrate on the quiet 

train; C has been selected for Peter; and A 

has been selected for Sarah and Amy. In 

addition, a visual version of A has been 

selected for Sarah whereas a verbal version 

has been selected for Amy.  

 

After the lecture, John goes to study in a 

quiet restaurant whereas Peter goes to a 

noisy café – each has 30 minutes to study. 

As John is an active learner, D is selected 

for him; on the contrary, E is selected for 

Peter as he is a reflective learner.  

 

3.2 Learner’s profile database 

 

Personal information about the learner is 

recorded in this database, including a unique 

identifier for the learner, surname, forename, 

address, email address, gender, date of birth, 

degree and modules undertaking, and their 

preferred learning styles according to the 

Felder and Silverman model [20]. Therefore 

each of the learner’s preferences under the 

following categories will be recorded – (1) 

Active/Reflective, (2) Sensing/Intuitive, (3) 

Visual/Verbal, and (4) Sequential/Global. 

 

The use of a learner profile is especially 

important in a mobile learning environment 

because different types of users may require 

the devices for different reasons and may 

require different capabilities of the devices 

[17]. For example, a music student may 

require audio capabilities whereas an art 

student will require drawing capabilities 

from the device. Jones and Brown [11] also 

noted that certain user activities can be 

adapted to the learners which specifically 

affect some aspects of the learner profile.  

 

3.3 Learner’s scheduled events database 

 
The learner must supply to the system 

his/her scheduled events that he/she will be 

participating in at a specific time; these can 

either be learning related or unrelated. A 

unique identifier for the event is recorded, a 

name for quick reference, the event start and 

finish time, the category (whether learning 

related or unrelated), the event location, 

subject and type (whether seminar, lecture, 

tutorial and so on).  

 

3.4 Learning activities database 

 

All learning activities are stored in this 

database. Different types of learning 

activities are stored including compulsory 

activities (such as assessments), non-

compulsory activities (such as exercises) 

and revision activities (such as review). 

Each activity has the following attribute – a 

unique identifier, title, subject, description, 

activity objective, priority of activity to be 

undertaken (high, medium and low), 

duration of time needed for completion, and 

Status of activity (unfinished or finished) - if 

the activity is not finished, then the 

remaining duration of the activity is 

recorded). 

  

3.5 Learning styles adaptation module 

 
Where possible, each of the learning 

activities will have a version which will 

cater for learners with the eight different 

learning preferences based on the Felder and 

Silverman model. This module takes the 

learner’s learning style from the learner’s 

profile database as input and outputs the 

appropriate learning activities for the learner, 

which is then inputted into the context 

adaptation module. 

 

3.6 Context adaptation module 

 



This module first identifies the current 

context that the learner is situated in, based 

on a number of variables which indicate the 

individual contextual factors as follows - the 

actual physical address of the location (for 

example, University of Warwick) retrieved 

from GPS; whereas type of location 

(computer lab, library, café, home etc.), 

category of location (public, private, in 

transport) and time available are retrieved 

from the learner’s scheduled events; finally 

the noise level will be detected from the 

built-in microphone on the learner’s device. 

Note that it is the precise type of location 

which is important, rather than the actual 

location because the importance arises from 

the way this kind of location affects the 

individual learner [13]. A check can also be 

performed to see if the information from the 

database corresponds with the location 

sensor (i.e. a check on whether the learner is 

really keeping his/her schedule) (or do we 

assume that the learner will keep to his 

schedule?). This information can be used to 

alert the user to download lecture notes if 

he/she missed a lecture, for example. 

 

We will assign individual and exclusive (and 

exhaustive?) context patterns for each of the 

combination of the values of the variables, 

such that (we cannot make an exhaustive list 

of locations) -  

 

Context pattern = {location, precise type of 

location, category of location, time available, 

noise level} 

(Is a reference needed for context pattern? – 

I’ve seen one author use this approach) 

 

For example, Context pattern number 1 is 

assigned for a situation where the learner is 

at the university’s computer lab, has 30 

minutes, and is quiet.  

 
When the context has been identified and a 

context pattern is inferred, this information 

is combined with the filtered learning 

activities according to the learner’s preferred 

learning styles, and context-aware learning 

activities are outputted.  

Four categories of context-aware 

applications were described by Schilit et al. 

[21], namely proximate selection, automatic 

contextual reconfiguration, contextual 

information and commands, and context-

triggered actions. Context-triggered actions 

specify how context-aware systems should 

adapt using IF-THEN rules, which are 

previously specified. Actions are then 

invoked automatically when a contextual 

element or a mixture of contextual elements 

are fulfilled. We have selected the context-

triggered approach for use within our system. 

This approach has also been adopted by 

Martin et al. [14].  

 

4. Future Work 

 
Our future work is described in this section. 

 

4.1 Systems Design and Development 
 

A prototype Java-based web application will 

be developed from this model and we have 

chosen the Fujitsu-Siemens LOOX n560 

pocket pc device in which to build/run/test 

our system because of the following main 

benefits: 

 

• It uses the Microsoft Windows 

Mobile 5.0 premium edition. 

• It uses the .NET compact framework 

1.0 SP2 which allows .NET 

programs to be used and has a new 

generation of platform application 

programming interfaces (APIs) 

which allows rich multimedia 

support. 

• GPS and microphone are built-in. 

 

4.2 Systems Evaluation 

 

The effectiveness of our system will be 

evaluated using a series of simulations 

which are required to be done in context, 

since the context-aware systems are used in 

context [22]; the simulations will provide us 

with quantitative results. A small number of 

human users will be employed to work with 



the system and to provide us with qualitative 

results.  

 

5. Conclusions 

 
In this paper, we have introduced our novel 

Context-aware and Adaptive Learning 

Schedule framework and we are currently 

designing and developing the system 

prototype which will be implemented and 

evaluated. 
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