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Abstract. Mobile devices present great features for the support of pervasive 
learning and content personalization. This paper presents a framework which 
takes advantage of these features and supports end-users while creating their 
customized tools for their students. Additionally, the framework comprises 
means for teachers to include persuasive and motivational mechanisms and 
hints, promoting student engagement while pursuing their learning activities. 
We describe the framework’s architecture, its features, including the supporting 
guidelines and development process, and detail some of the already developed 
material and the results that emerged during initial trials and case studies, also 
stressing their contributions to the field of m-learning. 
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1   Introduction 

With the rapid development of mobile technology and the ever growing amount of 
capabilities that mobile devices possess, the transition from e-learning to mobile 
learning has been gradually taking place [8]. Taking advantage of their hardware 
characteristics, mobile devices are ideal tools to support the learning process, espe-
cially given their pervasive nature and personal use. As they are carried with users 
throughout most of their daily lives, they offer the opportunity to provide support to 
learning activities regardless of the users’ location and can be used in concert and as a 
complement to other materials. Moreover, the inclusion of multimedia and multimo-
dalities extend their reach to different domains and users, with different backgrounds 
and ages and with or without disabilities. 

With this in mind, there has been a recent momentum towards the development of 
tools that support mobile learning and in particular mobile evaluation [1,2]. Existing 
examples range from tests and questionnaires that target specific contents or subjects 
[3,5], some tutorials, digital books and learning material with augmented content [6, 
7]and annotations tools. However, most of these are usually restricted to particular 
subjects or content [9], do not consider the inclusion of different educational activities 
and, most importantly, do not offer power-users/teachers the ability to configure the 
provided material according to different dimensions that better suit the needs of their 
students. The few tools that provide some degree of flexibility [1] either require con-
nections to remote servers or do not offer the ability to adjust the resulting interfaces 
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to students on a dynamic manner, reacting and behaving according to their needs. 
Globally, despite the great benefits that some of these experiences demonstrated 
[10,11], there is still the need to provide personalized content and, most importantly, 
personalized attention and access to the educational material. 

This paper describes a development framework which supports teachers and educa-
tors while creating and defining personalized educational artifacts and tools (e.g., 
books, tutorials, questionnaires, tests, videos) which can be accessed by their students 
through personal mobile devices. It aims at tackling the abovementioned shortcom-
ings of existing software by providing means for developers (e.g., teachers) and users 
(e.g., students) to interact with the same tools but achieving different goals. In gen-
eral, the framework encompasses a set of modules that support the creation and  
utilization of different learning tools which range from simple homework forms, to 
elaborate tests, annotations and multimedia books. The framework also offers the 
possibility of exchanging information and supports collaboration between teachers 
and students, including analysis tools and synchronization mechanisms. All the tools 
take into account users’, devices’ and content requirements, allowing teachers to ad-
just the final user interface to various dimensions, including content and domain, 
accessibility features and multimodal capabilities.  

We address the framework’s various functionalities and features, stressing its ar-
chitecture and extensibility choices also focusing the inclusion of multimodalities to 
support universal access to the learning material and to the inclusion of behavior in 
order to extend the teacher’s presence outside classes. The goal is to arrange persua-
sive user interfaces that compel and request students to engage in certain endeavors 
throughout their daily lives or whenever accomplishing their educational tasks. 

We explain the requirements that emerged throughout the design stage and present 
the solutions that were created in order to overcome existing challenges. Afterwards, 
we detail the framework’s functionalities that pertain directly to accessibility, adapta-
tion and persuasion, addressing the issues that are focused and the support that is 
provided while end-users develop their own material and tools. Finally, as a valida-
tion we present two case studies where teachers defined their own content and created 
the adequate containers, including presentation and interaction dimensions, to support 
a better learning process for their students. 

2   Framework’s Architecture 

The end-user development framework is divided into several tools, available for two 
main platforms. The first and main tool is the interface/artifact builder. It allows end-
users/power-users (e.g., teachers or tutors) to design and create the educational arti-
facts, selecting content, arranging the user interface layout and personalizing the 
overall artifact to several dimensions (e.g., student’s needs, location, content). This 
tool is available for desktop computers. As a result from the utilization of this tool, 
and as depicted in figure 1, XML files containing the artifact’s specifications are 
created and can be later interacted with on the runtime environment.  

The runtime environment is the tool that allows students to engage on their learn-
ing activities while using mobile devices. Globally, it reconstructs the specification of 
the artifact, contained within the XML file and materializes it into an interactive 
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Fig. 1. Overall framework architecture 

application which contains the selected content (e.g., images, textual questions, vid-
eos, e-books) and allows students to browse the content, respond to questions, take 
annotations and transfer data to other students as required. Currently, there are run-
time environments for Windows Mobile Devices and PalmOS devices. A Windows 
version was also developed in order to allow students to use their learning material on 
TabletPCs or laptops. During the utilization of the artifacts on the runtime environ-
ment, logs and results are generated, containing information about usage patterns, the 
student’s selections and answers [3]. These can be exported to a desktop computer 
and analyzed on the framework’s last tool, the result analyzer. The result analyzer 
includes means to review logs through a video like mode or to browse results screen 
by screen or element by element. 

On a lower level, the framework is divided into several components which support 
standardization of formats, reutilization of software elements and, most importantly, 
the framework’s scalability. As shown in figure 2, User Interface guidelines and arti-
fact templates feed the developer tool allowing end-users to utilize them and compose 
the educational artifacts accordingly. In addition, different element libraries, created 
for specific contexts/domains (e.g., drawing elements for arts classes; pictorial books 
for small children; multiple-choice questions for homework) can be used. These are 
used during development and can be easily arranged and dragged into the educational 
artifact and are later used on the actual artifacts. Each artifact is composed by a set of 
screens and each screen is composed by a set of elements (e.g., question and image; 
video and audio clip).  

The UI design guidelines and artifact templates can be added to the developing tool 
as XML files. New element libraries need to be programmatically created but can also 
be imported into the developing environment. 
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Fig. 2. Component Architecture 

3   Development Support 

Given the highly dynamic content, structures and domains that the developed frame-
work targets; its main contribution over previous work is the ability that it provides, 
for end-users, to create their own educational artifacts. Besides allowing teach-
ers/educators to customize content and the way it is presented and used by students, it 
also copes with the need to adjust the artifacts whenever required without any inter-
vention by software programmers or designers.  

However, taking into account that most teachers/tutors do not have any design 
background or programming skills, the design and development of these artifacts has 
to be supported, wizard-based and must not require previous programming/UI design 
knowledge. Accordingly, the developing environment is composed by a wizard-based 
interface which allows teachers to create screens sequentially, dragging and dropping 
the selected elements that compose the screen. Figure 3 shows the overall layout for 
the artifact developing tool. On the top, teachers can select items and elements from 
the available pool and libraries. Beneath the selection pane, there are the two configu-
ration options. The first allows teachers to configure the artifact’s and elements’ pres-
entation while the second displays the various interaction possibilities. On the right 
side of the tool, an automatic preview of the resulting screen is presented along with 
the artifact’s main data. 

In addition to the various configuration options that pertain to interaction, presenta-
tion and content, the developing tool is also able to enforce usability guidelines, 
which ensure that the resulting artifact will be usable by the end-users. To achieve so, 
it loads the XML file with the design guidelines as previously detailed. Usability 
guidelines that pertain directly to the used device and its characteristics (e.g., screen 
resolution; touch screen or physical keyboard) can also be used (Figure 4). 
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Fig. 3. Artifact development wizard. Configuration options and available elements on the left 
and screen preview on the right. 

The guidelines automatically arrange screen elements according to specific values 
that can be configured and updated according to the targeted domain. Currently inte-
grated guidelines allow the automatic docking and adjustment of elements to screen 
sizes and layouts. Moreover, the amount of elements per screen, as well as the amount 
of content per element (e.g., number of sentences within a label, size of an image, 
number of options within a list) can be limited according to various aspects (e.g., 
screen resolution, orientation). As a complement for these guidelines, when available, 
the system is also able to provide suggestions and alternative approaches to the  
current design. For instance, combo-boxes can be automatically replaced by radio 
buttons whenever options are longer than 25 characters or vice-versa when the list 
contains more than 5 items. 

 

 

Fig. 4. Artifact development wizard. Device related usability guidelines. 
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Overall, the entire design and artifact construction process is straightforward and 
supported by the design guidelines and offered features which help end-users while 
creating and personalizing the educational material. 

4   Accessibility and Persuasion 

To provide access to different students with different dis/abilities, the framework 
includes elements that allow teachers to create accessible artifacts. Besides the vari-
ous configurations and common interaction options that can be used to interact (e.g., 
text input, multiple-choices) or to visualize the content (e.g., images, video), multi-
modal elements are also available. These include text-to-speech features which recre-
ate the content through audio output. For instance, a question that was provided 
through a text-label element can be automatically recreated as an audio file that can 
be listened to instead of read. Other type of content can also be transformed into au-
dio. For instance, images can be tagged with a description which will be transformed 
into audio or can contain an audio-only description directly recorded by the devel-
oper/teacher. The same principle applies to all other elements that can be used to 
create the artifact. 

Gesture-based navigation was also included for situations where eyes-free interac-
tion is necessary. Furthermore, to facilitate eyes and hands-free interaction, the main 
basic navigation options (e.g., next, previous, play, pause, stop) can also be issued by 
voice, allowing the artifact to be utilized by, for instance, visually impaired users.  

Additionally, as a complement to the accessibility features, and in order to create 
proactive digital learning documents/artifacts that offer hints and aids to users, manu-
als that omit or show new information according to the user's performance while 
completing it, and overall motivate students whenever needed, the design framework 
also includes the customization of the artifacts' behavior. Behavior can be configured 
through the definition of rules. Rules are composed by time, interaction or content 
triggers and a consequent action. They can be attached to a specific element or to the 
entire artifact. On the former, depending on the interaction or usage within a specific 
element, a certain action can take place. On the latter, the interaction within various 
elements of the artifact (e.g., sequence of navigation or time to browse through vari-
ous elements) defines the entire artifact's behavior. 

Time-based triggers can be configured to prompt warnings or change elements ac-
cording to the time the user is taking to review/complete them. They can also be used 
to define alarms that alert users to use or complete an artifact at a given time. 

Interaction triggers analyze the user's interaction with the device by counting clicks 
or detecting where on the screen the user has interacted. Content based triggers acti-
vate actions depending on the content of the elements. For example, when the user 
chooses an option from a list or a value within a defined threshold, a certain action 
can be triggered (e.g., selecting "YES" displays a warning). 

In concert with the rules that are defined for each item or artifact, four different 
types of actions can be selected. The first one prompts a message that is composed by 
the user while the second jumps from the current screen or element to another within 
the artifact (e.g., first screen, end of the artifact, drawing, previous element). The two 
remaining actions hide or show elements (e.g., if a user checked a radio button a text-
box is shown). 
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5   Case Study and Examples 

The design of the developing framework and the experimentation of the resulting 
artifacts followed a user centered design approach. Accordingly, throughout the entire 
process, end-users were involved and participated by experimenting and providing 
their opinions on both the features and usability of the resulting tools. 

However, to fully validate its potential and features, the framework was also used to 
create educational artifacts for young students, for a variety of subjects. The main goal 
was to provide students with evaluation tests that could be answered on personal mo-
bile devices (e.g., PocketPCs), regardless of their whereabouts. The framework was 
provided to two teachers in order to create the evaluation tests. Tests included several 
questions with different input and output elements (figure 5) and were distributed to a 
group of students. Two different sessions took place. One took place inside the stu-
dents’ class room and the second outside the class-room, simulating a mobile scenario. 
All the results were gathered after the class and later reviewed by the teachers.  

Initial tests, composed by 20 screens/pages each, with two elements per page (e.g., 
one for output and one for input) took roughly one hour to create. On the second itera-
tion (the tests that were completed outside the class), teachers composed the artifacts 
with video and audio elements and took between 20 and 40 minutes (figure 5, left). 
Students were given one hour to complete each test. Log revision showed that most 
students completed the tests in less than 30 minutes and revised their questions an 
average number of two to three times before locking their results.  

On a qualitative analysis, students responded to questionnaires and results showed 
that they appreciated the fact of conveying within one device their annotations, exams 
and manuals provided by the teachers. Hints, the varied pictorial content and the vis-
ual appeal were also very well received. The ability to respond to their questions 
through different modalities and access different content through different means was 
also one of the most highlighted benefits. 

 

  

Fig. 5. Artifacts on the runtime environment - created with the development environment 
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For teachers the major contributions were the ability to configure artifacts accord-
ing to various dimensions, adjusting them to the students’ needs, subject and content. 
Additionally, the ground breaking analysis that the log player features provided for 
class and homework and the inclusion of the persuasion/motivation mechanisms were 
deemed very important and useful. 

6   Conclusions and Future Work 

The advances within mobile technology allow their utilization on a daily basis for a 
wide set of activities. As a result, they are now strongly integrated within the lives of 
a large set of the population and are especially appreciated and used with ease by the 
young adults, teenagers and children. Moreover, as they features and processing ca-
pabilities are further extended, they are becoming multimedia and multimodal devices 
which offer better support to highly interactive and demanding tasks. 

Educational activities and the m-learning concept are gradually making use of  
mobile devices and capitalizing these potentialities to new levels, enhancing both 
learning and teaching processes. However, the absence of personalized tools which 
simultaneously cope with the large variety of domains and subjects that are currently 
taught, added with the limited persuasion and motivational features, still hinder the 
widespread of m-learning tools. 

In this paper we presented a tool which supports end-user development, endowing 
teachers and tutors with the ability to create their own m-learning material. Addition-
ally, the framework includes features which allow users to overcome previous limita-
tions by personalizing content, taking into account accessibility concerns and  
introducing motivational and persuasive mechanisms to maintain student engagement 
even while away from classes and their teachers. To facilitate this process, the tool 
integrates design guidelines and offers a guided development process which, through 
the case studies has proved to be easy to utilize. 

Initial results have demonstrated the framework’s potentialities regarding customi-
zation and personalization and have inspired teachers to create multimedia and highly 
interactive educational artifacts that promote cooperation between students. For stu-
dents, initial trials have also shown promise, especially the ability to receive aid and 
help from their teachers through a deferred modality and while away from classes. 

Current and future work is directed toward the definition of new element libraries 
and the inclusion of new interaction mechanisms (e.g., gesture recognition) and the 
integration of the mobile device artifacts with large displays, commonly used during 
classes. The enhancement of the developing and of the analysis tools is also envisioned. 
In particular, a mobile version of each tool is being designed, allowing the on-the-spot 
analysis of student’s results and the adjustment of the artifacts on-the-fly, which will be 
useful for mobile scenarios such as field trips to museums or other locations. 
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