Mobile Learning Content Authoring Tools (MLCATSs): A Systematic Review

Abstract

Mobile learning is currently receiving a lot of attention within the education arena, particularly within
electronic learning. This is attributed to the increasing mobile penetration rates and the subsequent increases
in university student enrolments. Mobile Learning environments are supported by a number of crucial
services such as content creation which require an authoring tool. The last decade or so has witnessed
increased attention to tools for authoring mobile learning content for education. This can be seen from the
vast number of conference and journal publications devoted to the topic. Therefore, the goal of this paper is
to review works that were published, suggest a new classification framework and explore each of the
classification features. This paper is based on a systematic review of mobile learning content authoring tools
(MLCATS) from 2000 to 2009. The framework is developed based on a number of dimensions such as
system type, development context, Tools and Technologies used, tool availability, ICTD relation, support for
standards, learning style support, media supported and tool purpose. This paper provides a means for

researchers to extract assertions and several important lessons for the choice and implementation of
MLCATS.

1. Introduction

Mobile and ubiquitous learning is emerging as the next generation education environments. This is partly due
to the high mobile penetration rates and subsequent increases in university student enrolments [11][45][56].
Therefore, learning demands are increasingly arising from mobile devices thus presenting challenges for
content creation [17][28]. In order to deal with these demands, quality content creation is of paramount
importance. Authoring tools in general are programs used by academics to create and distribute content in
various domains [60]. A tool is considered a MLCAT if the resulting content can be consumed on mobile
devices. The use of authoring tools is not a simple task for academics who wish to author electronic content
[20][55]. This may be due to steep learning curve(s), some academics being technology shy and resistant to
change and inadequate institutional support. The goal of MLCATS is to empower academics (even the non
technical ones) to easily author content that is consumable on mobiles so as to provide anywhere, anytime
learning. Over time, many researchers have made efforts to design and implement MLCATSs thus the diversity
of both commercial and non commercial tools that exist [36]. These tools are developed with various goals
and purposes in mind hence the varying architectures. Some tools for example are used to author tests
[60][45][3][41]), support content re-use [28] and support content authoring for integration with Learning
Management Systems (LMS) and present video lectures among others. Numerous articles have published
research in journals and conferences relating to MLCATSs. This suggests a lot of interest in the design and
implementation of innovative MLCATSs. Therefore, we feel that this is a good time to review MLCATSs. The
aim of this paper is to classify and summarize research relevant to M-Learning authoring tools, provide a
framework for the integration and classification of articles and to derive suggestions for M-Learning
researchers based on the review. The rest of this paper is organized as follows; Section 2 details the procedure
we followed when conducting the systematic review, section 3 outlines the characteristics of the primary
studies that resulted from the review, section 4 explores our classification framework while sections 5 and 6
detail the discussions and suggestions and conclusions and future work respectively.



2. Procedure

A total of 26 articles were obtained as a result of keyword online database searches from the year 2000 to
2009. The search was narrowed using the terms “mobile learning and content authoring tool*”. The sub-
sections that follow offer a detailed illustration of the methodology used to extract our primary studies.

2.1 Selection Criteria
The criteria we used for selection and inclusion of articles is outlined as follows:

=  We did a literature search based on keywords i.e. “wmobile learning and content authoring tool*”. Vatious
databases were used to select our primary studies. Mobile learning content authoring tool articles are
found in comprehensive subjects such as computer science, human computer interaction and
educational technologies among others.

=  We surveyed articles from 2000 to 2009 because it is within this petiod that e-/m-learning have
gained wide acceptance. In addition, a number of conferences and journals have been dedicated to
m-education environments and ubiquitous computing.

* This review incorporates journal and conference papers and excludes magazines, masters and
doctoral dissertations, newspapers and books among others. We are mostly interested in analyzing
tools that have been published. It is our belief that conferences and journals represent the highest
level of research.

2.2 Data Sources

Our initial studies were selected using eight online databases. A total of 142 articles were generated from our
initial search. The number of articles by online database are as follows: ACM Digital Library (96),
EBSCOHOST (Electronic Journal Service) (02), Emerald (03), GALE (04), IEEE Xplore (08), Science Direct
(05), Springer (02) and Google Scholar (21). A total of 79 articles were excluded based on their titles and
abstracts. This was followed by a further inclusion/exclusion of articles based on whether they contained
MLCAT literature as their core. 63 articles met the selection criteria and were presented for further review. 37
articles were then excluded because despite having relevant titles, abstracts and full text, they did not

offer/present relevant tools for this study. The procedure is illustrated in figure 1 below.
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Fig 1: Procedure for selection of articles



2.3 Classification of MLCAT articles by publication year

Figure 2 below shows the number of MLCAT articles by publication year. It can be noted that from 2002 to
2005, there was an increase in articles published with 2005 registering the highest number of articles. From
then on, MLCAT publications declined by half in the 2006, 2007 period with a further slight decline in 2008
and 2009. This may be attributed to the fact that many published systems rarely move past the experimental
stage and the need for Universities to justify the case for investment in Learning technologies. However,
many published tools have been successfully used in various contexts in which they have been developed.
Therefore, we believe that the next decade will be characterized by increased interest and development of
mobile learning content authoring tools.

2002 2003 2004 2005 2006 2007 2008 2009

Fig 2: Number of articles by publication year

2.4 Classification of articles by database

Figure 3 below reveals the number of articles by online database. Majority of the articles considered for our
study were obtained from the ACM and Google Scholar. This is followed by the IEEE with the least number
of articles being obtained from Science Direct, Gale and Springer. The ACM stores articles of various study
fields especially human computer interaction, social sciences, ubiquitous computing and education hence the
high number of articles.
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Fig 3: Number of articles by online database

3. Classification Framework

In this section, we present a classification framework which offers an analysis of MLCAT’s based on three
general dimensions i.e. Technology, Pedagogy and Usability. Technological features are sub divided into
system type, development context, tools and technologies used, tool Availability, ICTD relation, content type
and supported media. Pedagogical requirements comprise of standards and learning style support whereas
usability requirements include existence of an intuitive graphical user interface and accessibility. Figure 4
below summarizes the results.



We distinguish several system types’ i.e. artificial intelligence tools (A), traditional authoring tools that use
hypertext and multimedia features for content creation (T), video capture systems (V) and natural language
speaking and handwriting tools (N). Artificial intelligence tools enable academics create intelligent tutoring
system(s) in their domain of expertise through a graphical user interface. The tool then models student usage
characteristics so as to provide them with individualized guidance during learning [60]. Video capture tools
involve recording, encoding and streaming of the instructor presentations for consumption on various end
devices [63] whereas natural language speaking and handwriting tools use recognition software to convert
speech and hand written material into editable objects (i.e. text, video, audio or graphics) which are authored
for presentation on end devices[34].

The second dimension explores the authoring techniques and development environments used for example
some tools use single authoring (S) — a technique used to create a single version of content for adaptation to
any given end device, Multiple authoring (M) which involves creation of several content versions for the
different consumer devices and Flexible authoring (F) which involves the creation of both single and multiple
authored content versions [38]. The development environments include among others Java2 ME, eXtensible
Markup Language (XML) which is one of the standards, NET framework and SMIL among others. In the
next dimension, we classify tools against their availability. This implies that a tool is either Web based (w),
Client based (c), has a downloadable version available (d) or can be purchased (p).

The fourth dimension classifies tools based on whether they are developed with a developing world ICTD)
context in mind. The developing world is faced with various challenges such as those of infrastructure,
poverty, literacy and sparsity. In particular, they are faced with unreliable and intermittent mains electricity,
little or no internet bandwidth outside the major cities, little or no user expertise among others. The last two
dimensions classify tools based on their purpose and the multimedia supported. The tools explored are used
to create learning content, multiple choice quizzes and tests and video lectures among others. In addition, the
tools support various media elements such as video (v), text (t), audio (a) and images (i).

Within the pedagogical arena, we explore two features i.e. standards and learning styles. There are various
standards available for mobile learning content authoring such as the Sharable Content Object Reference
Model (SCORM) [1] and the IMS Global Learning Consortium — Question and Test Interoperability [21].
Moreover, support for learning style and activity of learners such visual, tactile and other learning theories
should be taken into account during content authoring for m-learning. Therefore, we classify tools based on
their support for standards and learning styles. Within the usability arena, we classify tools based on whether
they have an intuitive graphical user interface and/ or support accessibility. Accessibility deals with offering
support for people with disabilities. Table 1 below illustrates a classification of the various tools obtained
from our review based on the dimensions detailed above.



Dim. Technology Pedagogy Usability
Tool Typ. Auth.Tech& | Av. ICTD Cont. MM. Stds. LS Intuitive. | Acc.
Techno. GUI

[Huang T, F, XML, w No learning t,i,a,v Yes No
and Kuo DA, XSLT content Yes No
2009] DMD and tests

(28]

[Romero T W No No
et al. DA, S, Java and No adaptive t, 1 No No
2000] DMD XML tests

[45]
Mobile S, No No
Author A, MA, ASP.NET, w No adaptive t, 1 No Yes

[Alepis DA, VB.NET, content (Intelligence)
and DMD Windows and tests
Vitvou, Server
2005] 2000+, 118,

[6()] RDBMS
Tool A ALDA, ?, Java, w No Learning t, 1 No Yes Yes No
[Carro DMD XML content
and
Martin,
2007]

[37]
Tool B T, DA, S, XML, [ No Learning t,1,a No No Yes No
[Simon et | DMD XHTML, content
al., 2005] CSS

[52]
Pen- ??, hand Learning t,i, v No No No No
Based writing, 2P Yes content
Tool N screen

[Luciano DA, capture &
and DMD video

Guiseppe, streaming
2007] software

[34]
Tool C Learning ?? No
[Juang et 22, 2?2, XML 2?2 No content t, i, v No Yes(Learning
al., 2004] DA,DMD Activity)

24
Tool D T, F, Visual ?? No
[Li et al., MA, DM C++, 2P Learning t, i, v No No
2005] Pocket content

[35] PC2003 OS, No

Table 1: Tool Classification Matrix showing MLCATSs Vs Dimensions




Dim. Technology Pedagogy Usability
Tool Typ. Auth.Tech& | Av. ICTD | Cont MM. Stds. LS Intuitive. | Acc.
Techno. GUI

eXeLearning T, 22, d No Learning ti, v Yes Yes ?? No
[SourceForge.Net, | D,DA, XHTML, content
2005] [50] DMD XML
An SMS quiz T, DA, 2?2, SMS [ No quizzes t, 1 No No No No
authoring tool DM answered
Attewell (2005)[3] through

SMS
A mediaBoard T, DA, °?, Palmtop, | w No interactive | t, i, a No Yes ?? No
authoring tool DM e-mail, learning
Attewell (2005)[3] MMS tasks for

learner

groups
A Pocket PC T, MA, 22, [ No Multiple t, 1 No No ?? NO
authoring tool DM PocketPC choice
Attewell (2005) quizzes
3]
Maxdox [Smith, T, D, ??, Java, w No Learning t, i, v No No Yes No
2006][50] DA, XML, content

DMD XHTML

Mobile Point of T, DA, 2?2, XML, w No Learning ti,a No No Yes No
Interest System) DMD RFID, GPS content
[Broll et al.,
2007][7]
E-F Editor T, 2?2, XML w No exercises t, 1 No Yes No No
[Proske et al., D,DA, of
2002] [43] DMD different

types
MobilLearn Editor | T, D, ??, C#, ?? No Learning t, 1 No Yes ?? No
[Gugerbauer, DA, XML content
2004] [17] DMD
ALE Authoring A, DA, 2?2 XML, [ No Learning t,i,a,v, Yes No Yes No
Tool [Kravcik and | D HTML, CSS content hyperlinks
Specht, 2004] [42] and Tests

Table 1: Tool Classification Matrix showing MLCATs Vs Dimensions




Dim. Technology Pedagogy Usability

Tool Typ. AuthTech& | Av. ICTD | Cont MM. Stds. LS Intuitive. | Acc.
Techno. GUI

Vv, °?, Streaming | p No Learning Video Yes No No No
Tele-TASK DMD, Server, content podcasts,
System [Wolf et SMIL, t,1,2,v
al., 2007] [64] MPEG-4
GRINS editor T, DA, ??, SMIL, W No multimedia t,i,a,v ?? No Yes No
[Bulterman and | DMD, content
Hardman,
2005][9]
1001 Stories V, DA, 27, 7?7 ?? No Instant t,i,a ?? No Yes No
[Rugbeni et al., DMD, multimedia
2008] [48] content
InterMediActor | °?, DA, 2?2, XML, W No multimedia t,i,a ?? No ?? No
[Va]\,rcrdc_ DD XSLT Style content
Albacete et Sheets,
al,, 2003][62] XHTML
EduLink [Hsiao | T,DA, °?, Java W No examples t, i,v No No Yes No
etal, 2008] [20] | DMD
Test-IT[Carrico | 2?2, DA, °?, Java w No Tests, assess- t, i,a 2P No Yes No
and Sa., 2006] MA, ment,
[50] DMD, collabora-tive

activities
CThru [Jianget | V, °?, Java 2D, c No Creating video | t,1,v No No ?? ??
al,, 2009] [24] DMD Java Media centered
Frameworks educational
spaces

e-Portfolio ??, w No multimedia t, 1,2,V No No ?? No
[Santos et al., HTTP, content
2008] [15] WAP,

Web

Services
IVA [Roesler et | ??, 2P No multimedia t, 1,2,V No No No No
al., 2009] [47] H.204, content

MPEG-

4

Table 1: Tool Classification Matrix showing MLCATs Vs Dimensions
5. Results of Classification

A total of 26 tools have been classified as indicated above revealing some interesting observations. From a
technology perspective, the biggest number of MLCATS are traditional tools - those that use hypertext and
multimedia features for content creation [3][7][9][15][17][20][28]35][43][45][50][52][56], followed by video
recording tools [24][47][48]|64], artificial intelligence tools [37][42][60] and natural language processing tools
[34]. The LMS concept has been successful in many universities. Therefore, as a result majority of the tools
are developed with the goal of being integrated into Learning Management Systems. For example [45] is
designed for integration into the AHA! System, [56] into Moodle and [37] into the Context-based adaptive
Mobile Learning Environment (CoMoLE).



In addition, many of the tools have been developed for desktop authoring, with some also providing for
mobile authoring [35][60] and the greatest number supporting distribution of content for access on both
mobile devices (smart phones, iPods, cell phones, etc.) and computers.

[19] argue that video content is not mandatory in most learning environments due its limitations such as a
constant internet bandwidth availability and visual presentation not getting more than three minutes.
Therefore, it is still a challenge to implement video recording within LMS architectures. A number of video
recording tools have emerged based on the initial innovations by Apple i.e. [64] which allow for video lectures
to be recorded and content delivered to mobile devices i.e. iPods. The resulting content can not be later
changed thus implying single authoring. Single authoring refers to creation of a single version of content for
adaptation to any given end device. Majority of the tools in our review use this authoring approach with
[28][35] offering flexible authoring. A vast number of tools do not mention their authoring techniques hence
the use of “??” in our matrix. The natural language processing tools use hand-writing software, screen capture
software and video streaming for content delivery and the matrix also reveals that majority of the tools are
cither web-based or client tools with only [56] having a demo version available and [64] being able to be
purchased. This is an indication that many published research tools do not mature into commercial products
presenting challenges for m-learning.

In much of the developing world, infrastructure is characterized by little or no internet bandwidth, unreliable
and intermittent mains electricity and limited user expertise among others. This implies that the developing
wortld context requires ICTD relevant tools. Majority of the tools explored are developed for user contexts in
the developed world and thus do not represent the needs of academics and learners in the developing world.
This can be witnessed by the limited success of LMS use i.e. Blackboard, WebCT within the developing
world.

In addition, many of the tools in our matrix are developed with the sole purpose of creating learning content
[24][28][37][52] whereas others for authoring adaptive tests [45][60], quizzes [3][43] and for authoring instant
multimedia (i.e. podcasts, vodcasts) [47][48][64]. Therefore, majority of tools in our matrix generate various
multimedia elements i.e. text and images [37][45][60], text, images and video [24][34][35] whereas others
support most media types [9][28][42][47].

Within the pedagogical arena we explored support for standards and learning style. This is because these
aspects greatly impact on content creation. Our review revealed that some tools offer support for particular
standards for example the sharable content reference model (SCORM) or the Question and Test
Interoperability (QTI) [28][42][56][64] whereas [3][17][24][42][43][56][60] offer support for learning styles.

Finally, the usability dimension explores the availability of an intuitive graphical user interface (GUI) and
support for accessibility — which deals with the provision for people with learning disabilities to utilize the
tools. [7][9][17][20]]28][37][48][50][52] have GUI’s built into the MLCATs whereas none of the tools offer
support for accessibility.

6. Discussion/Justification for Choice of Dimensions

MLCATS are still developing with a lot of scope for improvement and increase in sophistication. Many
researchers are concerned about content authoring hence the amount of literature on the subject. The
attention increased from 2000 to 2005 and then reduced slightly from 2005 to date as shown in figure 2.



This may be due to a lack of strategic business models that make a case for gaining revenue as a result of
using MLCATSs. In addition, the technologies are merely standardized and our review reveals that the scope
of most tools is limited to small groups i.e. a class, laboratory or focus on a particular aspects such as problem
based learning and so on. Similarly, the architectures, authoring techniques, system availability and supported
user end devices are different for every project. Thus many tools are not fully developed and have remained
at prototype level due to inadequate funding, infrastructure and the various design considerations as
illustrated from the tool classification matrix.

The availability of the tools we explored is such that they may be client based, Web based, have a download
version available or can be purchased. Many client based tools are designed with the aim of being integrated
with Learning Management System(s) (LMS) [28][45]. Therefore, although client based tools may have a
much more user friendly interface with the ability for authors to create content without the need for an
internet connection, integration with external learning material remains weak. On the other hand, Web based
content authoring tools are usually implemented as a module within (LMS) or Learning Object Repository
(LOR)[36]. The authored content is normally uploaded directly into the LOR but sophisticated functions
such as real time recording are not easy to implement and the tools require an always on internet connection.
Only a handful of tools in our review have a download version available or can be purchased since majority
do not progress past the prototype stage.

According to [6], there is need to adapt content to various contexts either physical or environmental. They
argue that context must be understood in order for content to be modeled to adapt to it. The variety of tools
explored are developed for use in given contexts such as within the medical domain — problem based
learning, museum studies, story telling, school kids, university environments. Over the last decade, e-learning
has been exemplified technologically by the rise of virtual learning environments (VLEs), such as WebCT and
Blackboard possibly resulting from increasing demand for multi-media interactivity, functionality and
bandwidth in networked PC platforms. Pedagogically, we have seen the rise of social constructivist models of
learning over previous behaviorists ones. All this is however only mostly true for the so-called developed
wortld. In sub-Saharan Africa m- learning is recognized but as something form of open and distance learning
and with different pedagogic traditions - ones that have concentrated on didactic approaches rather than
discursive ones. Therefore, m-learning in these parts of the world seems like a reaction to different
challenges— usually those of infrastructure, poverty, increased student numbers (ICTD context) and yet
almost no tools have been developed this context in mind.

In addition, quality content is not about converting resources into digital form but incorporating the design of
elaborate learning activity and usage of learning styles. This is because they represent some of the most
influential aspects for mobile learning content creation [6] [24]. Therefore, in order for the content to impact
on learners during interaction, it must be matched with the design of appropriate learning activity and
learning styles. Although many discussions focus on learning models, learning content development is of
paramount importance as it is that which determines the knowledge acquisition process.
[3][17][24][43][56][60] offer some support for learning styles and activities whereas the rest of our tools do
not. Authoring digital content for online learning is an expensive task which requires effective approaches
that allow for re-use/repurposing of content. This can only be accomplished through adhetrence to standards
ie. [1]]21][22]. However, a few tools in our review offer some support for standards [28][42][52][64].

Majority of the tools that adhere to standards are the traditional authoring tools possibly because they are
developed for integrated with LMSs which already offer adherence. The other tools do not offer support for



standards. Moteovet, our review teveals that many e-/m-learning projects have already dealt with content
authoring tools but pay little attention to usability. MLCATSs require a GUI in order for users to author
content for use within a mobile learning environment [67]. A tool’s usability may be defined as “Ifs efficiency
combined with bow easy it is to use and learn the system” [68] or being about learnability, efficiency, memorability,
errors and standards [69]. We therefore explore the availability of an intuitive GUI and accessibility. Many
MLCATS do not provide an intuitive interface through which authors can see what their content will look like

in a browser when published, especially when working offline. The matrix from our review reveals that
[7119]128][37][42][48][50][52] present tools with intuitive GUIs where as non of the tools offers accessibility
supportt for people with learning disabilities.

As noted earlier, many authoring tools are designed for integrated with LMSs thus requiring appropriate
management of duplicate resources on the Client and LMS as external material support is sometimes weak. In
addition, a number of learning environments utilize a centralized web server model thus requiring internet
connectivity for authoring. This is limiting for authors with low bandwidth connectivity or no connectivity at
all. [56] was developed as an offline authoring tool without the requirement for connectivity. Since MLCAT's
is a young research field, many suggestions exist about how to design MLCAT tools but the field seems to be
explored in quite an experimental way [35] with majority of the tools developed for only desktop authoring
and not mobile device authoring.

7. Conclusions and Future Work

The review was organized with the purpose of providing a comprehensive overview of research on MLCATS.
In this paper, we reviewed MLCATs and examined them using the technology, pedagogy and usability
dimensions as presented in our cross-tabulation matrix. The paper was based on a literature of MLCATS
from 2000 to 2009 using a keyword index and article title search. Overall, we found that the activity related
with MLCATSs seems to increase dramatically up to 2005 and then decrease slightly from then to 2009. Our
review provides literature for researchers on the use of MLCATSs and we hope that it will avail some insights
to researchers and practitioners for the design and choice of tools. The framework offers some general
development considerations for MLCATSs and offers a classification of the various tools. We also realize the
need for tools to be developed within the contexts of the users in order for successful adoption of these
technologies. Many of the MLCATSs explored do not use design approaches that involve real system users in
context. Therefore, we need to develop MLCATS that represent the needs of users and empower them to
author content for use in mobile environments.

Although considerable attention was given to the classification framework design, some limitations still exist.
Firstly, some relevant articles might have been overlooked as much of the literature was selected based on a
review of the title, keyword or abstract only. Although the titles and abstracts in most cases describe the
content quite well, we excluded many articles that did not explore MLCATSs as their core. White papers,
dissertations, magazines and many articles related to MLCATs were not reviewed as our focus was journal
and conference articles which presumably represent the highest level of research. As a result seven online
databases were searched for our review. We also used university subscribed online databases which were
restricted in some cases. Future work requires the need to adapt learning activities to personalization of
course content based on students model and learning styles, ability to track students’ progress in mobile
environments, provide feedback mechanisms and improve interactivity.

There is also need to study and align the relationship between authoring technology, pedagogy concerns,
usability, the ability to create content using mobile devices without the need for additional processing and the
need to empower academics who are the domain experts to easily create content without the need for
intervention by tool experts.
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