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Abstract: Electronic learning (e-learning) has emerged and evolved drastically 
with the development of the internet and information and communication 
technology. On entering the new knowledge-based economy, companies face 
more severe and stricter competition in the global marketplace than ever before. 
Corporations have to compete by using innovation as well as cost leadership to 
survive. Know-how, process and practice have become the key source of core 
competency. Knowledge, technique and heuristics must be collected, created 
and compiled in the explicit form of a knowledge repository as well as in the 
implicit forms of forum, community and teamwork. Mobile learning  
(m-learning) represents the key complementary approach to a knowledge- and 
competition-centric e-learning environment. In particular, m-learning should be 
able to collect on-site instant data as well as real-time working experience. 
However, there are several structural deficiencies of current m-learning design 
that hinder the development of m-learning. Firstly, current m-learning design is 
geared toward either a learning or transaction purpose but not both. Secondly, 
current m-learning design does not differentiate itself from e-learning design. 
Thirdly, current m-learning design does not integrate with knowledge 
management.  

In this research, an alternative is presented to address the aforementioned 
research issues. Firstly, we develop a design interface that integrates with the 
knowledge repository and enables knowledge learning (k-learning). Secondly, 
we create a design model that can search and handle instructional materials as 
well as transactional data so as to facilitate business learning (b-learning). 
Thirdly we build a design framework that can accommodate the comprehensive 
features of a learning management system (LMS), learning record management 
system (LRMS), and learning component management system (LCMS). By the 
end, we cultivate a more collaborative, cooperative, constructive, customised 
and cost-effective learning design method to tackle the fundamental and 
structural deficiencies. 

Keywords: mobile learning; electronic learning; knowledge management; 
learning management system; learning record management system; learning 
component management system; cooperative/collaborative/constructive 
learning. 
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1 Introduction 

1.1 Research motivation 

The exponential growth of data and information that characterises the modern business 
environment has made life long learning (LLL) even more important than before. In the 
new knowledge-based economy, the education and training of employees has become the 
dominant intellectual capital (IC) and core competency (CC) of contemporary 
corporations. Even so, the evolution of information and communication technology (ICT) 
applied to e-learning has been full of adventure. The convergence of learning and 
technology has been full of hazards. A performance study of learning technology (LT) 
has been hindered due to the lack of three things: interaction with learners, a feedback 
mechanism and personalised presentation to meet the learner’s needs. Hence,  
computer-based training (CBT) and advanced distance learning (ADL) have been 
revisited to tackle these challenges. [1–5]. 

1.2 Research issues 

However, these solutions and most current researches only focus on interaction 
enhancement. No structural or systematic approach has been proposed to resolve the 
more fundamental issues, i.e., how to interact, how to integrate and how to implement a 
mobility- and knowledge-centric design. In this research, we tackle these basic issues by 
use of the broadband, mobile, and wireless (BMW) technologies with learning 
technology (LT) and knowledge management (KM). We hope a distinct framework of  
m-learning design can be developed; a more integral model of k-learning with mobility 
can be created; and a hybrid interface of business and learning (b-learning) can be built. 
To be more specific, we have developed a four-dimensional framework to design a 
distinct m-learning application system. These dimensions consist of connectivity, 
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learning mode, client/server mode, and functionality. We have created a four-featured 
model to design an integral m-learning application system with knowledge repository. 
These features include the desired learning characteristics of collaboration, cooperation, 
constructiveness and cost-effectiveness. We have built an intelligent search mechanism to 
facilitate a more comprehensive, customisable and collective interface that enables 
integration, interaction and interoperability between business and learning.  

This paper is organised into six sections. Section 1 introduces the research motivation 
and research issue. Section 2 reviews the current m-learning literature. Section 3 presents 
the mobility- and knowledge-centric learning design method. Section 4 describes an 
implementation of a prototype system. Section 5 discusses the managerial and technical 
implications of this research. Section 6 concludes this paper with a summary and future 
research directions. 

2 Literature review 

2.1 C-learning, e-learning and m-learning 

Learning is the process to enable people to acquire new know-how and knowledge to 
enhance their performance. Conventional education and training relies on direct 
communication between instructors and learners. It is the most common way used by 
people to learn and grow. The technology of the World Wide Web (WWW) has arisen 
and radically changed the content, communication and comprehensiveness of 
conventional classroom learning (c-learning). Mobile technology (MT) has fuelled these 
changes further with time, place, form, and device and, most importantly, the contents 
evolving in an ever faster and flexible manner. 

2.1.1 C-learning 

In general, conventional classroom learning usually means school education where 
people accumulate knowledge in a systematic and step-by-step way. C-learning is limited 
to the same place and the same time. A uniform learning path is also set and used on all 
students. Single and static presentation is applied to everyone. Monotonous media and 
conventional interaction mode is adapted to the entire class. Innovation and change are 
not encouraged. 

2.1.2 E-learning 

The global connectivity of the internet and a new generation of web-enabled hardware 
and software have strengthened and reinforced e-learning capacity and capability. 
Telecommunications and technology make interaction-centric learning possible. A 
typical on-line student will have at his or her disposal all of the gadgets pictured in  
Figure 1 [6]. In the picture, the personal computer is equipped with a high-speed modem 
for internet connection. E-mail, chat rooms and bulletin boards are basic functions for 
interaction. The digital camera is reserved for videoconferencing and the phone for audio 
conferencing. These two peripherals, complemented by streaming video and audio 
software, make learning more vivid and vigorous in the on-line learning environment.  
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Figure 1 Telecommunication and computer technologies applied to e-learning 

 
Source: [6]. 

 

What is an appropriate definition of e-learning? From the literature, e-learning means 
‘Applying the internet resource to enable learning effects, including construction, 
delivery and collection of learning content, learning experience management, and 
learning community interaction’. E-learning emphasises the use of internet technology to 
design, deliver, select, manage and extend learning. E-learning emphasises ‘the 
convergence of learning and the internet’. Cisco Systems, Inc., one of the most successful 
e-learning multi-national corporations, defines e-learning as “internet enabled learning”, 
including various format context delivery, learning experience management, a 
professional learning community for increasing interaction opportunities among learners, 
context developers and experts. The biggest difference between e-learning and c-learning 
is that all learning activities are connected via the internet. E-learning is learner-centric. It 
refers to the use of internet technology to deliver a broad array of solutions that enhance 
knowledge and performance. It can be summed up by three fundamental criteria [7]: 

• e-learning is networked, which makes it capable of instant updating, 
storage/retrieval, distribution and sharing of instructions or information 

• it is delivered to the end-user via a computer using internet technology 

• it focuses on the broadest view of learning solution paradigms of training.  
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2.1.3 M-learning  

There are few m-learning researches in either academia or industry. According to Clark 
Quinn [8], the director of cognitive systems at Knowledge Planet, the vision of  
m-learning is clear: the intersection of mobile computing and e-learning includes 
anytime, anywhere resources; strong search capabilities; rich interaction; powerful 
support for effective learning; and performance-based assessment. In recent research, 
they point out most e-learning systems lack of mobility because they developed with web 
interfaces. In order to overcome this weakness, they experimented with Personal Digital 
Assistant (PDA) to achieve the objectives of mobile learning. Therefore, we define  
m-learning as: the ability to receive learning anytime, anywhere, in any form and on any 
device. They define two types of m-learning: off-line m-learning and on-line m-learning. 
For off-line m-learning, there is an application for PDA to install electronic books or 
personalised content applications, such as e-book software or AvantGo channel service, 
which are applied to the off-line m-learning model. On-line m-learning is presented in 
several different forms. One is to make use of PDA equipped with a wireless connection 
device. Moreover, PDA can also reach on-line with wireless LAN (WLAN) devices. In 
WLAN, the connection is accomplished by the use of a wireless medium such as Radio 
Frequency (RF) or Infra Red (IR) communications instead of a cable. This allows remote 
users to stay connected to the network while mobile. Therefore, learners can have 
synchronous learning and surf the web through the embedded browser. 

2.1.4 Comparison of c-learning, e-learning and m-learning 

Table 1 shows the comparison and contrast of three kinds of learning. M-learning is 
positioned as an assistant learning environment to e-learning and can play a distinct role 
by the use of its location, real-time and search factors. C-learning will gradually become 
a secondary choice to complement e-learning and m-learning. We use nine perspectives 
to distinguish these learning technologies as follows: 

1 Courseware: the type of courseware, the speed of updating courseware and the 
contents of courseware. 

2 Information Retrieval: whether there are time or place limitations when retrieving 
information. 

3 Evaluation: how the study results are assessed? 

4 Learning Centre: who is the centre of learning, the learner or the instructor? 

5 Interaction: the ability of interactions, including interaction among learners, 
interaction between learner and instructor, etc. 

6 Cost: the cost of holding a training session each time. 

7 Time: does a learner control his/her training schedule?  

8 Man Power: how much labour is required to support a training program? 

9 Effect: does a learner understand what he/she is learning? 
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Table 1 Comparison and contrast of c-learning, e-learning and m-learning 

 M-Learning E-Learning C-Learning 
Courseware  • Objective, task 

courseware. 

• Up-to-date after 
downloading or 
synchronising.  

• Personal courseware. 

• Up-to-date, fast. 

• Just-in-time learning 
method provides needed 
information. 

• Identical courseware. 

• Update slowly. 

• Provide enormous   
information without 
tight relation. 

Information 
retrieval  

No time limitation, no 
place limitation 

No time limitation, place 
limited.  

In fixed time, in fixed 
place. 

Evaluation Comprehensive assessment 
through integrating with e-
learning 

Evaluate learning result via 
IT. Comprehensive 
assessment. 

Hard to evaluate. 
Fragmental assessment.  

Learning 
centre 

Learner-centric Learner-centric Instructor-centric 

Interaction Worst Worst Best 
Cost • Lower cost. 

• Employees can learn 
from their mobile phone 
or PDA. 

• Paperless. 

• Lower cost. 

• Employees can learn 
from workplace’s 
computer. 

• Paperless. 

• Higher cost.  

• Classroom rental, 
equipment purchase and 
maintenance.  

• Need to provide paper 
documents. 

Time • Suitable for fragmented 
time.  

• Learners can control 
learning schedule 
themselves. 

• Learners can control 
learning schedule 
themselves. 

• Lecture materials just 
need to be prepared once 
then can be used 
repeatedly. 

• Hard to control the 
training schedule. 

• Possibility of having 
emergencies.  

• Need to spend time 
preparing lecture 
materials every time. 

Manpower • Can prepare lecture 
material by courseware 
editor. 

• No problems of 
manpower cooperation. 

• Can prepare lecture 
material by courseware 
editor. 

• No problems of 
manpower cooperation. 

• Need manpower from 
HR department or other 
departments. 

• Hard to cooperate. 

Effect • Can fully understand the 
contents of training by 
learning repeatedly. 

• Can fully understand the 
contents of training by 
learning repeatedly.  

• Easily forget the 
contents of training. 
Cannot practice 
repeatedly.  

Source: This research. 

2.2 M-learning devices 

Clark Quinn, the director of cognitive systems at Knowledge Planet, said [8] the vision of 
m-learning is clear: the intersection of mobile computing and e-learning that includes 
anytime, anywhere resources; strong search capabilities; rich interaction; powerful 
support for effective learning; and performance-based assessment. Nevertheless, the truth 
is, there are still numerous problems and difficulties that need to be overcome in order to 
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achieve the vision of m-learning. Firstly we look at mobile computing devices used in an 
m-learning environment. Several researches, including handheld learning, wireless 
learning and m-learning, are then reviewed. 

2.2.1 Mobile devices 

There are three popular handheld devices on the market as shown in Figure 2. They are 
laptop computers, personal digital assistants and mobile phones. The significant property 
of mobile devices is their mobility, thus, when combined with wireless networks and 
communications, it is easy to get information anywhere.  

Figure 2 Three major mobile computation devices 

 

       
Source: Microsoft [9]. 

Table 2 Comparison of three mobile computation devices 

 Laptop PDA Mobile Phone 
Weight Heavy Medium  Light 
Screen Large Medium Small 
Input method Keyboard Pen-input, able to use 

keyboard 
Proprietary keyboard 

Communication  Wire or wireless, 
occasionally connected 

Wire or wireless, 
occasionally connected 

Wireless, always 
connected 

Warm-up time Long  Short Short 
Battery capacity Limits to 2~3 hours Typical use time between 

recharge or charging 
batteries: 3 hours to  
1 month 

Over 80 hours 

Source: Sharples [10]. 
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Table 2 compares and contrasts three mobile computation devices. Sharples [10] points 
out the general requirements of hardware for mobile learning as being highly portable, 
individual, unobtrusive, available anywhere, adaptable, persistent, useful and intuitive. 
The requirement of high portability is the most important factor. The main difficulty in 
achieving high portability comes from battery technology. The battery should be light 
and capable of quick and easy recharge. According to the comparison and contrast 
results, PDA is the most suitable device for m-learning. 

2.2.2 Personal digital assistant 
Table 3 Comparison of four PDA operating systems 

 Palm OS Pocket PC Symbian BlueBerry 
Feature 
PIM Yes Yes Yes Yes 
E-mail Yes Yes Yes Yes 
Office application Yes Yes Yes No 
Enterprise applications Yes Yes Yes No 
OS Features 
32 bit OS Yes Yes Yes Yes 
Multitasking/multithreading No Yes Yes Yes 
Rich graphics/colour Max.of 256 cols Yes Yes No 
Multimedia (sound/video) Add-on modules Yes Yes No 
Internationalisation Yes Yes Yes Yes 
Hardware 
Processor DragonBall MIPS, SH3/4, 

Strong RAM 
ARM Intel x386 

Memory capacity Up to 12MB Over 1GB Over 1GB Up to 5MB 
Hardware expansion bus Yes Yes Yes No 
Internet Capabilities 
HTTP/ftp connectivity Yes Yes Yes Yes 
WAP stack support Yes Yes Yes Yes 
WAP micro browser Yes Yes Yes Yes 
Wireless document format cHTML, Web 

Clipping 
HTML HTML cHTML 

TCP/IP stack Yes Yes Yes No 
HTTPS No Yes(40/128bit) Yes Yes 
Dial up (RAS) Yes Yes Yes Always 

connected 
Programming Languages 
C/C++ Yes Yes-VC++ Yes Yes 
Basic Yes Yes-VB Yes-OPL No 
Java Yes Yes Yes Yes 

Source: This research. 
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The major operation systems of PDA are Palm OS, Microsoft Pocket PC, EPOC and 
Research In Motion (RIM) BlackBerry. The abilities of mobile devices need to be 
considered, these are scalability, ease of use and openness of supporting wireless 
communication standards. Table 3 describes the comparison and contrast of four PDA 
operating systems. The successful factors of Palm OS are simplicity, easy of use and 
electricity saving. However, as the result of the change of network technology and the 
wireless environment, the most serious problem of Palm OS right now is expendability. It 
is poor in multitasking and multithreading, and colour supporting. BlackBerry and Palm 
OS have the same weakness, which is the expendability problem. Nevertheless, they have 
a distinctive advantage, which is ‘always on and always connected’. This enables 
BlackBerry to receive mail, surf on the internet and call in real-time in a connected state. 
Pocket PC owns powerful multimedia ability and the pocket version of Word, Excel and 
Outlook office automatic applications are provided to enrich the usability of the Pocket 
PC device. Yet, the flexibility and diversity of Pocket PC requires relatively more 
memory usage, CPU electricity and battery life. EPOC OS is created from a mobile 
phone and, therefore, gets more support from mobile phone vendors.  

3 A mobility and knowledge-centric e-learning application design method 

3.1 Research framework 

Figure 3 Phases of our m-learning application design method 

 

A Function Scope Model of m-Learning Application 

A State of Connection Model of m-Learning Application 

A Search Mechanism for Online Search 

A Knowledge Repository Interface 

Implement the m-Learning Application Design Model 

 
Source: This research. 
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There are four phases in the development of a mobility- and knowledge-centric e-learning 
design, as shown in Figure 3. Firstly, a state of connection model is selected. Secondly, a 
function scope model is chosen. Thirdly, a search mechanism is thought out. Fourthly, a 
graphical user interface integrating with a knowledge repository is designed. 

To elaborate more, we describe the composition of each phase as follows.  

3.1.1 State of connection dimension 

PDA is in an on-line state when it is connected. It has the ability of computation when it 
is not connected and is mainly in an off-line state.  

1 Off-line model: the basic operations of an off-line model are: 
• required information is downloaded to PDA 
• people retrieve and update information in advance and the updated data is 

stored in the mobile database of the PDA 
• when people come back to the office, they can synchronise the updated data to 

server database or download the latest information from server.  

 The off-line model of our m-learning application design provides an offline learning 
system that allows users to retrieve Word/Excel/PowerPoint documents, view image 
files and multimedia files. In addition, the feedback function of an offline learning 
system enables users to write down their opinions and suggestions in advance. 

2 On-line model: on-line model applies internet technology. It uses a PDA to surf the 
web. The advantage of the on-line model is the ability to retrieve real-time and  
up-to-date information. However, it costs more. An on-line model of our design 
provides an online search function that allows users to look for information on 
demand and store required information on a PDA. The interaction function enables 
users to communicate with other learners. 

3.1.2 Active learning versus passive learning dimension 

One major goal of m-learning is that users are at the centre of learning. There is no need 
for a supervisor to monitor the study progress all the time. Users must directly control the 
learning pace. In m-learning, it is important that users are self-motivated.  

• Active Learning Model: users play the leading role in the active learning model. It 
provides the register function that allows users to choose courses. The online search 
function looks for information based on the user’s request. The interaction function 
enables users to actively exchange messages with other learners or instructors. 

• Passive Learning Model: in the m-learning environment, users play the active role. 
The online search function is to apply community search assistant. This technology 
can recommend related searches from other users in the same community. The other 
function of the passive learning model is an email service. Users can receive mail 
from other users. 
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3.1.3 Server site vs. client site dimension 

Most mobile applications are in three-tier architecture. The tiers consist of server-site, 
PC-site and PDA-site. Sever-site stores all information in the database. PDA-site is for 
mobile computing. PC-site is a medium for synchronising data between Server-site and 
PDA-site. In our method, of PC-site is removed. It is replaced by the PDA-site connected 
to the server-site via a wireless network. 

• Server Site Model: the sever site model provides maintenance functions, including 
student information maintenance, instructor information maintenance and course 
information maintenance. The register function allows users to choose courses based 
on their interests and preferences. The interface of knowledge repository is used to 
integrate knowledge repository. The partial courseware can come from the 
knowledge repository and the feedback of learners can be stored into the knowledge 
repository.  

• Client Site Model: the client site model provides an offline learning system and an 
offline test function. These two functions are special designs for our off-line state of 
connection. In addition, on-line search function and interaction function are designed 
for the on-line state in the client site model. 

3.1.4 Scale of function scope dimension 

We expand and define four functionalities as shown in Figure 4: 
1 system administration sub model 
2 instruction management sub model 
3 courseware sub model 
4 performance assessment sub model.  

Figure 4 Four dimensions of research framework 

Our Research 

Active  
Learning 

Passive  
Learning 

Server Site 

Client Site 

On-Line Off-
Li

System 
Administration 

Instruction Management Courseware Management Performance 
Assessment 

 
Source: This research. 



   

 

   

   
 

   

   

 

   

   304 J-L. Seng and S. Lin    
 

    
 
 

   

   
 

   

   

 

   

       
 

3.2 Research model  

Figure 5 Structure of m-learning and knowledge repository design 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

System 
Administration 

Instruction 

Assessment 
Knowledge 
Repository 
Interface 

Knowledge 
Repository 

Interaction 

Server Site 

Offline test 

Client Site 

On-Line  

Off-Line  

KMS 

Online search 

Offline 

Test Result 

 
Source: This research. 

Figure 6 Functional flow design of knowledge repository interface 

Articles 

Knowledge 
Repository 

  

Feedback 

KMS:  
Create knowledge, 

Distribute knowledge 
Store knowledge 

Retrieving KM 
Interface 

Storing  
KM Interface 

 

Instruction of m-Learning 
system: 

Manage knowledge 

 
Source: This research. 
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Based on the framework, we designed the model component corresponding to the four 
dimensions as shown in Figure 4 and Figure 5. These component sub models are system 
administration, online learning management, and interface with knowledge repository, on 
the server site; and display, query, search and store on the client site ubiquitously; in 
order to accomplish cooperative, collaborative, constructive, and cost-effective learning. 

In particular, the integration with knowledge repository uses an interface to share, 
store and spread knowledge in the mobile environment. A functional flow of knowledge 
integration is shown in Figure 6. Firstly, managerial sources and operational sources are 
differentiated and developed. Secondly, a piece of knowledge is retrieved according to 
exact match, locality and fuzzy lookup. Thirdly, feedback and new knowledge can be 
added back, based on the level of relevance, competency and reference. We further map 
the dimensions with the functions in Table 4 to show how we accomplish the design 
goals. 

Table 4 Mapping between dimensions and functions of m-learning design 

Function Connection 
Active/Passive 
Learning Server/Client Site 

Scale of Function 
Scope 

Information maintenance, 
course registration 

On-line Active Server Administration 

Courseware/test download On-line Active Server/client Instruction, 
assessment 

Online learning On-line Active Server/client Instruction  
Online interaction On-line Active/passive Server/client Instruction  
Online search On-line Active/passive Server/client Instruction  
Offline learning Off-line Active Client Instruction 
Online test and grading On-line Active Server/client Assessment 
Offline test and grading Off-line Active Client Assessment 
Test result query On-line Active Server/client Assessment 
Retrieve/store KM interface   Server Knowledge 

repository interface 
Source: This research. 

4 An implementation 

4.1 Prototype system structure 

In this research, we construct a prototype system to implement the new method. The 
prototype system structure is shown in Figure 7. On the mobile learning server site, it has 
Share Point Portal Server, Web Server and Database Server. On the client site – PDA 
Site, it has the web browser.  
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Figure 7 Prototype system structure 
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Wireless Network 

 
Source: This research. 

4.2 Prototype system functions 

Figure 8 Prototype system functions 

m-Learning 
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Source: This research. 
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The prototype system has several main functions that can be divided into online functions 
and offline functions. The functionality design corresponds to the research dimensions. 
Online functions include learning service, search service and assessment service. Offline 
functions are offline learning and offline test. Figure 8 shows the prototype system 
functions. 

4.2.1 Online functions 

Document management has a store and document control function of check-in,  
check-out and versioning. This component is used to manage our learning material and 
knowledge. As illustrated in Figure 9, share point portal server makes use of Microsoft 
Search. This technology is used for creating indexes, searching and retrieving learning 
contents in local stores, knowledge repository, and external data sources. In addition, we 
customise the user dashboard site to present different user interfaces. The dashboard site 
can display announcements, company news and so on. 

Figure 9 Enterprise-level functions of share point portal server 

 

Source: Microsoft [9]. 

4.2.2 Offline functions 

Offline functions are implemented at the PDA site. When users select the offline learning 
function, their learning activities will be stored in SQL Sever CE. Offline assessment 
function gives out test questions by retrieving data from SQL Server CE, then stores test 
results to SQL Server CE, as shown in Figure 10.  
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Figure 10 Architecture of RDA and replication component 

  
 
 

RDA 

Architecture 

Replication 

Architecture 
 

Source: Microsoft [9]. 

5 Research discussion 

5.1 Synergy of m-learning and knowledge management 

M-learning differs from knowledge management. M-learning focuses on delivering 
courses and assessing performance and is responsible for creating and distributing well 
structured course materials. Knowledge management, on the other hand, focuses on 
capturing unstructured knowledge that exists in employees’ heads and storing knowledge 
in an easily accessible manner. In this research, we designed the knowledge repository 
interface to accommodate the difference between structured m-learning and unstructured 
knowledge management. An online search function is used to search and seek the 
knowledge repository. A feedback function is applied to facilitate the evolution of 
knowledge repository.  

5.2 Dual m-learning mode 

M-learning intersects at mobile computing and e-learning. It enables employees to access 
learning, instruction and practice anytime, anywhere, in any form and on any device. 
Most m-learning systems make little use of real-time synchronisation methods due to the 
time and cost factor. Data is stored at the PDA. Insertion and updates are transferred back 
to the server site. Hence, it provides offline learning and offline assessment. Online 
functions are designed to enable real-time searching and seeking. 
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5.3 Database-centric application design 

Mobile databases are advantageous in m-learning because they are portable, compact and 
convenient. A sizable segment of the corporate database can be stored at the client site for 
immediate and on-site search, query and update. Database synchronisation is later applied 
to merge with the central databases. Both wired and wireless communication can be 
adopted for a connection. Database can play the integral role of a memory bank. 

5.4 Research limitations 

However, this research has limitations and room for improvement. 

• We only use PDA as an example for designing a knowledge-centric m-learning 
design. 

• We take advantage of PDA mobility. However, more can be done. For example, 
more interactive and user-centric applications can be developed just based on the 
current location.  

• We adopt a search mechanism that is based on keyword, preference, and reference. 
A more intelligent search algorithm, for example a learning agent and an intelligent 
tutor, can be created to cultivate a more accurate search and seek.  

6 Summary and future research directions 

6.1 Summary 

In this paper, we have presented a mobility and knowledge-centric e-learning application 
design method that enables k-learning and b-learning. We have also developed a  
four-dimensioned design framework to address the research issue of the lack of 
integration and interoperability between learning technology and knowledge 
management. Moreover, we have created a four-featured design model to accommodate 
the desired learning effects of cooperation, collaboration, constructiveness and  
cost-effectiveness. In addition, we have built a four-phased development process with 
functions to implement the above four dimensions. The intent is to provide a more 
comprehensive and customisable design approach. The set of functions, in the form of 
component models, consists of system administration, instruction management, 
performance assessment and knowledge repository integration interface. Each component 
is created to support the ultimate functionality of search, query, update and feedback 
anywhere, anytime, any form and any device.  

6.2 Future research directions 

In this study, we have constructed a simple prototype system that installs the new  
m-learning design method. In future research efforts, we will continue refining and 
expanding the model in these areas.  
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6.2.1 More mobile computing devices 

At present, we use PDA as our mobile learning device. We need to consider other mobile 
devices, such as pocket PC, mobile phones, tablet PC and broadband TV. A wider 
selection of devices should be included. A performance study should be conducted over 
these designs. 

6.2.2 Deeper integration with knowledge management system 

For now, the knowledge integration interface is primitive. We intend to advance the 
interface with knowledge discovery and knowledge representation. 

6.2.3 XML and SCORM standards 

XML (eXtensible Markup Language) technology is emerging as the standard data 
exchange format over the internet. SCORM (Sharable Content Object Reference Model) 
has become the e-learning standard in several countries, such as the USA, DoD and 
China. We are considering developing an m-learning/k-learning/b-learning metadata and 
schema extended from SCORM to provide an alternative SCORM-compliant design 
method. The intent is to advance the interoperability, accessibility, portability and 
reusability among learning contents and knowledge components. 
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