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Abstract—The widespread use of mobile devices is leading towards their adoption in the learning process, even if some
pedagogical challenges are still not fully addressed when integrating mobile-assisted activities into regular curricula activities.
In this paper, we first define some guidelines to design a general, tailorable, and platform-independent mobile learning system.
Secondly, we present the aCME system, a mobile infrastructure, developed by adhering to the defined guidelines, to provide
a general-purpose system, easy to start up with and friendly to user, and finally, tailorable, i.e., that can be easily adapted to
the needs of different learning environments. The aCME system has been implemented as a Web-based architecture, to provide
content and functionalities for different contexts, accessible from any location and by using any communication device. Finally, we
describe a tool, deployed into aCME, that allows responding to quiz-based questionnaires during learning activities. A preliminary
evaluation was performed to analyze usability and user satisfaction when interacting with the system we developed. The paper

is concluded with some comments and future research directions.
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1 INTRODUCTION

The use of mobile technologies in learning processes,
both in formal and informal educational contexts, has
exponentially increased in the last twenty years [1].
It has given rise to a mix of enthusiasm, creativity,
but also resistance to this new way of using personal
devices in 1:1 settings (i.e., one mobile device per
learner). The use of personal devices is perceived as
a threat for the control of the learning process on a
collective dimension. The formal educational contexts
still have problems in integrating the philosophy of
mobile learning (mobility, use of time resource, per-
sonalization, etc.) into everyday school routines [2]-
[5]. Nevertheless, there are several reasons that en-
courage the integration of the mobile learning into the
formal education. Mobile is a pervasive and familiar
technology that has already colonized our daily life,
and therefore, no specific training is required for
both students and teachers. This is not a secondary
advantage, as the most important existing artifacts of
learning -the book and the computer- are appropri-
ated by the individuals since the very young age.
Mobile devices are quick following the same fate.
Thus, the question is not whether mobile devices are
suitable as learning tools or not, but which is the
specific educational context of activity they can be
used for. In this sense, we are going to present some
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pedagogical challenges that should be addressed to
make effective the integration of mobile devices into
learning activities (Section 1.1). Then, we compare
these pedagogical challenges with the features pro-
vided by mobile-assisted seamless learning systems
available in the literature (Section 1.2). Additionally,
to address the defined pedagogical challenges, we
present a set of design guidelines that are able to en-
sure a full-featured mobile seamless learning system
(Section 1.3).

1.1 Pedagogical motivations

We believe that mobile devices are not able to improve
learning activities just because they are mobile: the
real pedagogical issue is about how to embed mobile-
assisted activities in regular curricula activities. In
this sense, the first Pedagogical Challenge (PC1) we
define is about the integration of learning theories and
mobile learning activities, a crucial point still under
development [6]. The number of provided applica-
tions, in fact, has been often technology-based, since
the technology was the driving force to foster the
experimentation of new didactic activities without a
parallel development of educational models.

From a pedagogical point of view, learning is not
a simple transfer of knowledge from a teacher to a
learner, but is rather an active process of involvement
and construction of knowledge. It takes place in a real
context, in which students must be encouraged to take
advantage of learning resources that exist both inside
and outside the classroom. Students are asked to use
their life experiences to make meaning of material
introduced in classes [7]. This perspective on human
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learning cannot be developed in a segregated unity of
time and space, such as the classroom. It requires to
be unfolded in a wider context by enabling the learner
to use information across time and space and acting
upon the world, in collaboration with others in dif-
ferent life contexts. Therefore, the second Pedagogical
Challenge (PC2) we define is how to integrate mobile
learning activities in a real context, not only inside or
outside the classroom but also by covering a variety
of topics and activities.

While the “seamless learning” implies that students
can learn whenever they are curious in a variety of sce-
narios and that they can switch from one scenario to
another easily and quickly using the personal device as a
mediator [8], we believe that just the usage of mobile
devices cannot address these pedagogical challenges
and that mobile-assisted learning systems should be
properly designed to enable effective interactions.

1.2 Mobile Seamless Learning

Relevant features in the design of mobile-assisted
seamless learning (MSL) systems were evaluated in
a wide and thorough review by Wong and Looi [9].
They defined 10 different features that MSL systems
should provide to evolve from “learning by using
a personal device as mediator” towards “mobile-
assisted seamless learning”. In particular, they found
that the MSL research community was focused on
encompassing formal and informal learning, encompassing
personalized and social learning, mediating learning across
time and locations, providing ubiquitous knowledge access,
and encompassing physical and digital worlds.

On the other hand, they found that more work is
needed to encompass multiple pedagogical or learning
activity models: how multiple pedagogical or learning
activity models could be incorporated into an MSL
activity design, and be seamlessly stitched together in
the learning flow (MSL10 in [9]). This confirms that
the PC1 about the integration of learning theories and
mobile learning activities is still an open problem.

Moreover, they recommend further studies to sup-
port the seamless switching between multiple learning
tasks (MSL8 in [9]). To this aim, they encourage
the integration of a variety of personal and group
inquiry tasks into the learning flows. Indeed, MSL
systems should be able to satisfy a wide set of settings
and learning aims [10] (general debating or domain-
specific topics, enhancing critical thinking, problem
solving, students” engagement, performance evalua-
tion), and should be flexible enough to cover a large
number of topics [11] (i.e., environmental education,
science education, mathematics, geometry, language
education and so on). This strengthens the definition
of the PC2 about the need to integrate mobile learning
activities in a real context.

In addition, Wong and Looi suggest greater efforts
to address the seamless use of multiple device types

(MSL7 in [9]). Indeed, the usage of multiple device
types is intended by the authors as mixed usage of
mobile and stable technologies (Desktop PC). Here we
want to extend this consideration, since in a learning
context no assumption can be made in advance about
devices owned by the students. As a consequence, the
system should work with any hardware and operating
system, which is a critical issue when using mobile
devices.

The MSL features identified by Wong and Looi
represent the technological aspects of the Pedagogical
Challenges that we identified in Section 1.1. We be-
lieve that these issues can be faced through a proper
design, and therefore, in the following we provide
a set of non-functional guidelines which allow to
address the identified pedagogical challenges and
provide a full-featured MSL system.

1.3 Our MSL Design Guidelines

The first crucial aim of the architecture design is
to ensure that the system could support a wide set
of usage scenarios, in terms of context of use and
functionalities. These goals are well-known in the
CSCW and CSCL (CSCW-L) research areas, where
some guidelines have been defined to design group-
ware. We believe that these guidelines should be taken
into account even in the development of systems to
support mobile learning. Therefore, the system should
be designed to be as “General” as possible, to provide
basic functionalities non limited to a specific domain
only. At the same time, the system should support an
easy integration of new functionalities. This concept is
well-known as “Tailorability”: the system should be
able to be adapted to different settings as well as to
evolve to fit new scenarios [12]-[19]. The groupware
Tailorability can be considered from different points
of view:

o Tailorability by Customization: it allows to con-
figure the basic properties of the system to mod-
ify the behavior of the provided functionalities

o Tailorability by Integration: it allows the user to
choose the desired functionalities from a prede-
fined set of provided ones

o Tailorability by Expansion (or Extension): it al-
lows to integrate new functionalities, so that the
system can evolve to envision new users’ needs
and usage scenarios.

Generality and Tailorability are able to address
the seamless switching between multiple learning tasks
(MSLS in [9]), since they allow to design a system not
devoted to a specific domain and to extend the system
functionalities to support new tasks. Moreover, these
guidelines allow to design a system able to encompass
multiple pedagogical or learning activity models (MSL10
in [9]). Indeed, the user can customize the system
and can choose the most appropriated functionalities
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to follow the desired pedagogical model, addressing
therefore the PC1.

Other fundamental guidelines are about the avail-
ability of the system: each learner, with any device
and with any technical skill, should be able to easily
access to the system. To this aim, a fundamental
guideline in the design of an MSL system is the
“Platform-Independence”: it should work with any
hardware and operating system, since it is not pos-
sible to make assumptions about the devices owned
by students. The systems that support mobile devices
must take into account their limitations and issues, in
particular the screen size limitation and the variety
of existing HW/SW platforms. Moreover the system
should provide a “Simple User Interface”; of course,
this is true for every software, but it is crucial for mo-
bile systems used in real time by groups of users since
a complicated usage could discourage their adoption.
In particular, in the classroom, the system should be
ready to use in just a few minutes to prevent that
students get quickly bored. In addition, the system
should offer a “Low cost deployment”, allowing users
to adopt the system without facing neither installa-
tions problems nor difficult configuration of complex
systems. These guidelines aim not only to address
the seamless use of multiple device types (MSL7 in [9]),
but also to face an indirect pedagogical issue about
the inclusion and involvement of learners that use
different devices and with diversified skills.

Organization of the work.

The rest of the paper is organized as follows. In
Section 2 we present an overview of our software
infrastructure, designed by adhering to the defined
MSL Design Guidelines, to support mobile-assisted
seamless learning. The architecture of the system
is tailorable and platform-independent, allowing the
system to support a wide set of usage scenarios, in
terms of supported devices, learning aims and learn-
ing domains. We also defined a set of functional re-
quirements (Section 2.1) which define common func-
tionalities that an MSL system should provide. In
that Section we provide an overview of the system,
a description of the provided functionalities and the
envisioned usage scenarios. In Section 3 we present
the architecture of aCME system and also how the
system can be extended by integrating additional
functionalities, therefore addressing the tailorability
guideline. In Section 4 we describe the Text Quiz Tool, a
mobile implementation of a Student Response System
deployed into the aCME system. We also report a first
evaluation of the usability and the user satisfaction
when interacting with the tool. In Section 5 we present
a comparison with existing works in the same field,
by highlighting the main differences with our work.
Finally, in Section 6 we conclude with some final
remarks and future works.

2 SYSTEM OVERVIEW

The aCME system! has been developed to allow peo-
ple to get involved in mobile learning activities and
improve their overall engagement and performance.
Several users can be supported at a time, whereas
each of them can access to the learning content
through any device, from any location, by using any
access network and without installing any software.

The Web infrastructure is populated by a myriad
of devices (smartphones and tablets) having differ-
ent capabilities and input/output modalities. Built-in
and pre-installed software, like Web browsers, having
heavy processing tasks executed on robust server
infrastructures, could represent a solution to meet
different clients’ capabilities and a wide range of
users’ preferences.

2.1 Functional Requirements

In addition to the design guidelines defined in Sec-
tion 1.3, the CSCW-L areas have also defined sev-
eral functional requirements for the development of
groupware systems. A classification of such require-
ments and the corresponding services are illustrated
in Fig. 1, with basic services listed at the bottom and
the advanced ones in the top of the pyramid. In the
following we describe the services, while details about
the relationships among them are presented in [19].
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Fig. 1: Pyramid of services supporting the develop-
ment of learning-based and collaborative tools.

Since the groupware involves several users who
collaborate to reach a common goal, the application
should leverage a Communication Framework to sup-
port the communication among users (and therefore
among several instances of the application). The orga-
nization of the further requirements is strictly related
to the Tailorability guideline and to the possibility of
integrating new functionalities as additional modules
or Tools. In general terms, a tool offers a set of self-
contained functionalities for specific tasks (i.e., chat,
diagram drawing and so on). A system which allows
the integration of additional tools requires a set of
services to manage the tools. Moreover, it should
provide a set of services shared by all the tools to
improve the overall system integration. Therefore,
services can be organized in Control Services and Tools
Support Services.

1. https:/ /sourceforge.net/projects /acme-groupware/
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The Control Services provide general functionalities
to manage the tools:

o The Tools Life-cycle Management is strictly related
to the Tailorability guideline: if the system al-
lows to integrate new functionalities as additional
modules, then it should also provide functional-
ities to manage their life-cycle (i.e., discovering,
start and stop and so on).

o Since the system permits the integration of sev-
eral tools with different functionalities, the Inter-
Tool communication service allows to exchange
information among different tools.

o The Floor control service lets the system to reg-
ulate users’ interactions, enabling and disabling
users’ actions on the system.

o The Authentication service allows users to be iden-
tified, by using only nicknames or full credentials.

o The Groups Management service supports the or-
ganization of users into groups.

e The Tools Layout service concerns the visualiza-
tion of the tools. In mobile-based systems, ef-
fectiveness of visualization is an important issue
since their hardware limitations (i.e., screen size).

o The Orchestration service allows to organize in
advance, as a structured sequence of activities,
the interactions that have to be executed with
specific tools; a more flexible orchestration can
allow users to select the desired tools on demand.

The Tools Support Services provide orthogonal func-
tionalities, common to each provided tool:

o The State Management service manages the state
of the whole system (set of activated tools and
their sequence of activation) and provides sup-
port to manage the content of each tool.

o The Latecomers Management service provides sup-
port for late users who join a lesson when it
has already started. The system should provide
a mechanism so that latecomer users can achieve
the set of active tools and their content. It exploits
the facilities provided by the State Management
service.

o The Awareness service allows to gather informa-
tion about users’ activities and provides corre-
sponding feedback (for example, which tool a
user is using and how many contributions he has
made). The kind of feedback provided depends
on the specific used tool.

o The Persistence service allows to save and reload
the state of the system (the set of activated tools
with their activation sequence and the content of
each tool).

o The Print out service is a functionality offered at
the core level. Each tool has to implement its own
output functionalities while the core is able to
create a well-blended output. Similar to the Late-
comers Management service, it exploits the facilities
provided by the State Management service.

In addition, a fundamental step to improve the
expandability of a groupware is the Tools Development
Support, which should provide facilities for the imple-
mentations of new tools.

The design guidelines defined in Section 1.3 and
the requirements just described have been used in
the development of CoFFEE [18], [19], a suite of
collaborative stand-alone desktop applications sup-
porting learning activities in the classroom. CoFFEE
has been developed within the European-funded Re-
search Project called “LEAD” (VI Framework), and it
is available open-source on Sourceforge?. Addition-
ally, it offers 15 different tools providing different
functionalities [20]-[22]. The long-lasting adoption of
CoFFEE, due to its tailorable architecture, lead us to
extend this work on a mobile environment.

2.2 Overview

From the technical point of view, the aCME system
is a distributed three-tier architecture developed in
Java. The overview of the aCME system is shown in
Fig. 2. Specifically, the Server Component is composed
of modules deployed in the JBOSS application server>.
The OSGi Alliance technology* (or Open Service Gate-
way initiative) allows to integrate new modules (i.e.,
bundles), by leveraging its plug-in based architecture.

The Client Components are Web browsers executing
a GUI enhanced with Vaadin widgets and add-ons®.
Three types of applications have been developed,
the Administrator, the Controller and, the Discusser
Applications. Finally, persistent data are stored in a
MySQL database, while communication data (JSON)
are exchanged through the HTTP protocol.
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Fig. 2: The aCME System Architecture Overview.

The main characteristics of the aCME system are
platform independence, tailorability, and low cost de-
ployment. In particular, the Tailorability by Extension

2. It has been downloaded more than 13.895 times from Source-
forge, since October 2008, by more than 128 countries

3. http:/ /www.jboss.org/products/eap.html

4. http:/ /www.osgi.org/

5. https:/ /vaadin.com/home
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guideline of the aCME system will be described in
detail in Section 3.4. Additionally, collaborative func-
tionalities have been envisioned to allow the develop-
ment of collaborative tools.

The technological choices, made during the devel-
opment of the aCME system, were influenced by the
need to address all these requirements.

The Vaadin Framework. The Vaadin Framework is a
Java Web application development framework that is
designed to develop Rich Internet Applications (RIA).
Its main goal is to allow the easy creation and main-
tenance of high quality Web-based user interfaces.

The OSGi service platform and JBoss. The OSGi
platform provides a dynamic service platform where
modules (components and services) can be deployed
and un-deployed at runtime without rebooting the
system. The implementation of the aCME system
components heavily relies on the OSGi bundles and
web-bundles that can be deployed directly within the
JBoss Application Server, an extensible, reflective, and
dynamically reconfigurable Java application server.

Java Persistence API. Java Persistence API (or JPA 2.0)
represents a Java specification for accessing, persisting
and managing data between Java objects and a rela-
tional database. The process of mapping Java objects
to database tables and vice versa is known as Object-
relational mapping (ORM). The implementation we
used for the aCME system is Hibernate®. Persistent
data are stored in a MySQL database.

2.3 Functionalities

In the aCME system we can distinguish three types
of roles with specific tasks: (1) the Administrator role,
created at the first startup of the system; (2) the
Controller role identifies the instructor (i.e., the teacher,
the presenter of a talk, and so on); (3) the Discusser
role identifies students (enrolled in a course), partic-
ipants to a talk, and so on. People in the first two
roles (Administrator and Controller) can access to
the system through a Desktop PC or a tablet, while
people entering the system with a role of Discusser
can efficiently use smartphones or tablets.

The Administrator Application manages all tasks
concerning administrative support. Examples of tasks
include users management (users information and
credentials), scenarios management (Organization,
Courses, Subject, and Lessons information) and so on.

The Controller Application allows the instructors
to organize their courses or allows the presenters to
manage their talks. Specifically, it displays on its User
Interface: (1) Courses: the teacher can choose among a
list of all courses taught by him /her; (2) Conference: the
presenter can create a new Conference with a common

6. http:/ /hibernate.org/

one-time password for the authentication, given to the
attendees to take part in the presentation.

After starting the learning activity (Course or Con-
ference), the instructor can use all the tools provided
by the system. By default, a User Presence list is pro-
vided to the instructor, in order to have information
about the users that are currently online. All tools that
we developed follow the Tailorability by Customiza-
tion guideline, i.e., all tools have configurable options,
so that they can fit different users’ needs. Some of the
configurable options are common to all the tools, as
an example, the anonymity. We envisioned it since, as
discussed in [23], the anonymity encourages people to
participate and reduce groupthink by evaluating ideas
more objectively. Before enabling a tool, the instructor,
through the Controller Application, can select one of
the following options:

o Full Anonymity: Participants see all others contri-
butions but not the identity of the owners of those
contributions. Only the identity of the teacher
is known. On the screen of participants’ mobile
phones, a red line will highlight this feature.

o Partial Anonymity: Only the teacher knows the
identities of the participants and can recognize
their contributions. On the screen of participants,
a blue line will highlight this feature.

o No Anonymity: It represents the default option.
On the screen of participants, a green line will
highlight this feature.

In addition, the instructor can regulate users’ inter-
actions by blocking /unblocking their individual activ-
ities (Floor Control). The students continue to see the
interactions among the other participants, although
they are blocked and cannot actively participate. Be-
sides, the Controller Application allows the instructor
to create a printable report of the content of the tools,
to keep track of all interactions and discussions during
the learning activity.

Finally, the Discusser Application is used by each
student to participate in a discussion. It provides two
different types of access: (1) A simple Login, by pro-
viding credentials, to see the list of all courses taught
by the teacher, with all the corresponding lessons.
After having selected a course, and next a lesson,
students can start with the activity scheduled by the
teacher; (2) Login Fly without credentials: the Discusser
Application allows the student to attend a Conference.
The student has only to provide the one-time pass-
word, appositely chosen by the instructor/presenter
for that activity.

2.4 Usage Scenarios

The aCME system is able to support different usage
scenarios. In the following we describe some learning
activities specifically envisioned for a School Scenario
and for a Conference Scenario.
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o Asking for questions. If during a lesson a con-
cept is not fully understood by a student, he/she
can send a question to the teacher without block-
ing him/her. The teacher, at the end of the
explanation, checks the received questions and
provides an answer to each of the students.

o Classroom debate. A teacher can ask his/her stu-
dents to study a specific topic, to debate about it,
and to collaborate trying to address their doubts
and perplexities. Next, the teacher can use the
aCME system tools to start the discussion. Stu-
dents will be able to help each other, by talking
and discussing through these tools. At the time of
writing, the tools provided by the aCME system
are the Chat Tool and the Text Quiz Tool. New tools
can be quickly developed since the flexibility and
the modularity of the aCME system.

o Assessment questionnaire. A speaker at the end
of a talk can decide to submit an evaluation
questionnaire to all participants to verify the
quality of the given talk. Participants can access
to the aCME system and, in an anonymous way,
provide responses to all the posed questions.
Afterwards, the speaker can collect the results to
analyze them.

We have also defined an abstract model in order to
map the different entities that can be managed by the
aCME system in the designed scenarios. At the top
of the hierarchy we have the involved Organization
(i.e., “University”, “Secondary school” or “Primary
school”). The second layer of our abstract model
describes the specific Courses, while the third and the
fourth ones describe the generic arguments (i.e., Sub-
ject Entities) covered by the Lessons, respectively. As
an example, for the School Scenario, the Course Entity
corresponds to a specific class (i.e., Class 1A, 2A, 3B,
etc.) while for the University scenario, it corresponds
to a specific field of study (i.e., Computer Science,
Chemistry, Physics and so on). The Subject Entity
corresponds to a specific subject (i.e., Mathematics) in
the School Scenario, and to a course taught in the Uni-
versity Scenario (i.e., Network Programming, Security,
and so on). In the Conference scenario, the Organization
corresponds to the entity responsible for an event
and Lessons corresponds to talks, while Courses and
Subjects are not needed.

3 ACME ARCHITECTURE

In this Section we describe the layered architecture of
the aCME system, shown in Fig. 3. Specifically, we
will describe the functionalities provided by each of
the 3 implemented layers, that is, the “Data Manage-
ment Layer”, the “Services Layer”, and the “Presentation
Layer”, respectively.

3.1 Data Management Layer

The main goal of the Data Management Layer is to
manage users and materials needed for the organi-
zation of a learning activity. Specifically, as shown in
Fig. 3, it manages the following entities (described in
Section 2.4):

o Organization: it manages information about the

involved Organization

o Users: it manages the different users that can

access to the system, e.g. administrators, instruc-
tors, and finally, learners/students/attendees

o Courses: it allows to manage the learning materi-

als for all the envisioned scenarios

o Tools Content: it allows to manage the content

of the tools designed to support the learning
activities

o Lessons: it allows to manage the lessons and the

tools required for each of them

o Subjects: it allows to manage combination of

teachers-subjects.

As discussed in the previous Section, we used JPA
to implement the Java classes for the management
of these entities and their mapping into a MySQL
database. Moreover, the Data Management Layer pro-
vides the persistence service to the upper layers.

3.2 Services Layer

The Service Layer represents the core layer of the aCME
system and provides a wide set of functionalities
designed and developed to address the requirements’
described in Section 1.3. We will describe these func-
tionalities in the following, paying attention to the
mapping with the diagram shown in the Fig. 1.

The Tool Services manages the interactions of the
Controller Application with the Presentation Layer with
regard to the activation of the tools. It creates a Tool
Management service for each tool requested by the
Controller Application. Additionally, it provides func-
tionalities that are common to each tool and ensures
the independence of the tool from other parts of our
system. Specifically, the Tool Management is in charge
of discovering and starting the tools (Tools Life-cycle
Management Requirement in the pyramid in Fig. 1). It
is also able to manage multiple instances of multiple
tools. The aCME system provides this functionality
leveraging the OSGi architecture, which offers a well
established mechanism for the integration of new
tools. Moreover, the Tool Management allows to bind
the Controller Application with several instances of the
Discusser Application, by enabling the communication
between the participants (Communication Framework in
Fig. 1).

The Tool Management service, being responsible for
all messages exchanged among the tool components,

7. Except the Persistence requirement in Fig. 1, which is provided
by the Data Management Layer
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stores them in a list in order to: (a) save the whole
system state, in terms of the tools activated and
their sequence of activation, (b) create the report of
the content of the tools (the core is able to create
a well-blended output by using the specific output
functionalities provided by each tool) and (c) support
latecomer users by providing them with a “history” of
the messages exchanged (State Management, Latecomers
and Print out in Fig. 1).

Finally, the Tool Management service provides the
Anonymity functionality by applying the filtering pro-
cess on the exchanged messages, and the Floor Control
functionality by disabling/enabling the GUI of the
tools. In this way, students will continue to see the
interactions flowing within the aCME system even if
they have been blocked, and not able to participate
anymore to the ongoing activity (Anonymity and Floor
control in Fig. 1).

The Scenario Services manages the interactions of the
Controller and Discusser Applications with the entities
involved in the usage scenarios: the Controller (i.e., the
teacher) and the Discussers (i.e., the students) can se-
lect the course and lesson to attend, then the Controller
can configure the lesson by choosing among provided
tools. It may decide to organize the lesson with more
than one tool and each lesson can be configured
by selecting the anonymity functionality. Finally, the
Controller starts with the lesson. The functionalities
provided by the Scenario services allow to structure the
activities in advance, providing orchestration func-
tionalities (Orchestration in Fig. 1).

Finally, the Authentication Service manages the au-
thentication phase. It provides the Controller Applica-
tion with notifications of the users who are connected
and with optional information about specific users
(Authentication and Awareness in Fig. 1).

Some further requirements shown in Fig. 1 have not
been considered in our context. In particular, the Tools
Layout, intended as visualization of multiple tools, is
not needed because of the devices’” space constraints.
Other functionalities as Groups Management, Inter-Tool

communication, Interactions Analysis Support are tasks
that we are planning to complete in the near future.

Finally, the Tools Development Support represents a
fundamental step to improve the expandability of a
groupware. Our approach to provide extensibility in
the aCME system is described in detail in Section 3.4.

3.3 Presentation Layer

The Presentation Layer or Front-End, at the top of our
layered architecture, represents the Web view for the
final users. A session is created the first time users
(teachers, students or administrators) access to the
system. Specifically, a session starts when a user opens
an aCME system application (i.e., Controller, Discusser
or the Administrator Application), and ends when the
session expires in the server or when it is explicitly
closed.

For the implementation of the Front-End, we em-
ployed the Vaadin technology which supports two
different programming models: server-side and client-
side. The server-side development model employs the
Vaadin Client-Side Engine to render the user inter-
faces in the browser (see Fig. 4). The client-side model
allows to develop widgets and applications in Java,
which are compiled in JavaScript and executed in the
browser. The two models can share widgets, themes,
and back-end code and services. Specifically, in our
architecture, each Vaadin application (Controller, Dis-
cusser or Administrator) is composed of a User Interface
(UI) that runs on the Web browser and allows the user
to interact with the business logic and the applica-
tion data. The business logic, implemented in a Core
module, runs as a Java Servlet (Desktop Servlet for
the Administration and the Controller Applications, and
Mobile Servlet for the Discusser Application, as shown
in Fig. 4) in a Java application server (i.e., JBoss).

For the Administrator Application, the Core module
only manages the communication with the Persis-
tence Layer for users and scenarios management (e.g.,
Organization, Courses, Subjects and so on). For the
Controller and Discusser Applications, it also manages
the communication with the Services Layer for the
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management of the services (i.e., Scenario Services,
Tool Services and Authentication Service).

Finally, the Vaadin TouchKit® widget and the
JFreeChart widget’ have been used to implement
the Ul of the Discusser Application and to display
charts in the Controller Application, respectively. De-
tails about used widgets, add-ons, and themes are
shown in Fig 4.

Web Browser Graphical
Vaadin Client-Side Client-Side Ul Widgets
Engi (Button, View,

ngine TextField,
T Layout,
Built-in Add-on Navigation ... )
Widgets Widget Add-ons
EasyUploads
Request| |Response  HTTP(S)/ JSON JFreeChart
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JBOSS EAP 6.1 Tof;’i::
aCME System Theme
Vaadin Servlet Vaadin
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Ul Events, ' Ul Changes Builtin | User aCME Theme
User Built-in Themes ~Themes User Irﬁerface
e Comp Controller UI
N Discusser Ul
Add-on Custom Servlet Fallback Ul
Components )
P Service \:l Custom Servlet
Desktop Servlet
Mobile Servlet

Fig. 4: aCME runtime architecture and technologies.

3.4 System Extensibility

The aCME system has been designed to ensure exten-
sibility, in order to integrate new functionalities devel-
oped as aCME Tools. The components of a generic tool
are illustrated in Fig. 5. aCME Tools are OSGi bundles
(the box delimited by the thin dotted line in Fig. 5)
with a component integrated in the Controller Appli-
cation (i.e., the Generic Tool Controller-side component),
a component integrated in the Discusser Application
(i.e., the Generic Tool Discusser-side component) and,
finally, a component used by the Services Layer to
activate the tool (i.e., the Tool Manager component).

The Controller-side and the Discusser-side compo-
nents of the tool provide the GUI and the implemen-
tation of the functionalities to the Controller and to the
Discusser Applications, respectively. The Tool Manager
component is responsible for the activation of the
tools.

Tools activation. The user, through the Controller
Application, can activate each of the tools available in
the system. The sequence of steps for a tool activation
is shown in Fig. 5 (continuous arrows with labels 1,
2, 3 and 4) and can be summarized as follows:

o the Controller Application is responsible for cre-
ating and managing an instance of the Tool Man-
agement component for each activated tool

o the Tool Management component manages the tool
life-cycle and provides the tool with the orthog-
onal functionalities of Anonymity, Latecomers,

8. https:/ /vaadin.com/add-ons/touchkit
9. http:/ /www jfree.org/jfreechart/
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Fig. 5: Tool activation and communication.

Floor Control and Communication; it starts the
tool by creating the Tool Manager component

o the Tool Manager component is responsible for
creating the Controller-side and the Discusser-
side components of the tool.

Tools communication. The Controller-side and the
Discusser-side components of a tool communicate
through the Tool Management component (fat dotted
arrows in Fig. 5 with labels A and B). This component
manages the message exchanged, as well as, details
about how to guarantee anonymity (by filtering the
user names in the tools for which the anonymous
mode has been enabled), and latecomers management
(by providing the content of the tool in the form of
history of messages).

Tools development. Each new tool of the aCME
system extends the Generic Tool component to create
its own specific implementation. Our goal was to sim-
plify the development of new tools by allowing the
developers to focus on the application logic of the new
tool, and exploiting the basic functionalities provided
by the system itself. Furthermore, the development of
new tools has been also supported through the cre-
ation of a wizard, that is able to automatically create
the structure of an aCME Tool, therefore, simplifying
the setup phase in the development process.

4 TEXT Quiz TooL

In this Section we first describe the tool we have de-
veloped and deployed into the aCME system to assess
its extensibility, and next, the preliminary evaluation
studies that we conducted to analyze its usability and
user satisfaction.

The Text Quiz Tool is a mobile implementation of
a Student Response System (SRS). In learning envi-
ronments, SRSs allow teachers to pose questions to
their students in the classroom, receiving answers
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from them in real time. Teachers can use SRSs to
enhance the reflexive and creative capability of the
learner about the topic of the activity. Several stud-
ies showed that clickers, the first implementation of
SRSs, are able to produce improvements in students’
engagement, participation, feedback to the teacher,
and learning performance. The main drawback of
using clickers is related to their cost, a critical issue
both for individual students and public institutions.
In literature, several papers describe benefits and chal-
lenges of clickers [24]-[26]. Recently SRSs have been
realized as Web-based software (i.e., GoSoapBox!,
Poll everywhere!!, EverySlide'?). Similar to clickers,
they are able to improve participation, engagement,
and feedback about students’ understanding [27], [28].
Recent results about the usefulness of Quiz-based
Tools on improving students’ engagement and par-
ticipation in the classroom [21], lead us to develop
a mobile version of an SRS, by deploying it into the
aCME system. We present its functionalities and a pre-
liminary evaluation of its usability in the following.

4.1 Design and Functionalities

In this Section we present the Text Quiz Tool which
allows the teacher to give a quiz-based questionnaire
to the students, and collects their answers in real time.
Results are shown to the teacher as a chart. They can
be projected on a screen visible to everybody and
used to start a discussion. The teacher can get quick
feedback on the performance of the students, so that
he can immediately evaluate their involvement and
comprehension about the covered topics.

The Text Quiz Tool allows teachers to encourage and
motivate the students’ participation during learning
activities. An important aspect of this tool is that stu-
dents can answer anonymously. In this way, students
can feel more comfortable when they are involved in
discussions, when they have to express opinions, and
finally, when they answer to questions.

As discussed in Section 2.4, a typical usage of the
Text Quiz Tool is the following: the teacher explains
the arguments of the lesson in the classroom; then,
he tries to understand if that topic was understood
by the students by giving them a questionnaire with
questions inherent the discussed argument. This tool
enables teachers to have an immediate feedback for
each question, only by glancing at the chart, displayed
in the interface of the teacher, as shown in Fig. 6(a).

Students will receive a feedback about the correct-
ness of their answers. Specifically, they will receive
the correct answer and possible hints by the teacher
(See Fig. 6(b)).

The Text Quiz Tool may contain several types of
questions, that is, multiple choice questions, questions

10. http:/ /app.gosoapbox.com/
11. http:/ /www.polleverywhere.com/
12. http:/ /everyslide.com

requiring numeric answers and so on. These questions
are prepared by the teacher in advance by using Hot
Potatoes'. The results can be exported as Excel files.
The loading of the quiz inside the aCME system has
been realized by using moodle libraries*, serialized
in Java through implemented PHP libraries.

4.2 Preliminary Evaluation

In this Section we first describe the methodology that
we employed for our evaluation studies, afterward
we discuss the results as well as the improvements
achieved when comments, feedback and suggestions
by participants at the studies were addressed.

4.2.1 Method

In an earlier study, we showed that software tools
can help students to collaborate and improve perfor-
mance [29]. Here we want to analyze the participants’
reaction to the software and their perceptions about
the usability of the tested tool.

To analyze the usability of the aCME system and,
specifically, both the usability of the Text Quiz Tool
interface and the user satisfaction when interacting
with it, we carried out two different usability studies.
The first was carried out on 18th October, 2013. We
analyzed the results of this first evaluation study, then
we addressed all students’ criticisms and suggestions
by translating them into software changes and new
system features. Finally, on 9th December, 2013 we
repeated the study by recruiting a second sample of
students (different from the sample of the first study).
The idea was to evaluate if both usability and general
experience were improved thanks to our intervention
on the aCME system.

For our usability studies we recruited 19 partici-
pants among students of the Computer Science De-
partment at the University of Salerno. Both studies
were conducted at the ISISLab research laboratory, at
the same University. Students were recruited through
email announcements to mailing lists, and word of
mouth advertising. The participation was voluntary,
anonymous, and free since the students were not
compensated for taking part in the studies. Finally,
participants were informed that all the information
they provided would remain confidential.

Our methodology, that we employed in an earlier
work [30], envisioned two different phases. In the
first phase we asked students to provide demographic
information. Next, we asked them to participate in a
testing session using the Text Quiz Tool.

The questionnaire provided to the students was
a quiz-based questionnaire (loaded into the Text
Quiz Tool), composed of 10 questions, about General

13. http:/ /hotpot.uvic.ca/
14. https://moodle.org
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Knowledge Questions'®. In the first study, the ques-
tions were given to the students one by one, while
in the second study the questions are received all
together. In the latter case, the students were given
the opportunity to select the answer for each question
and then send the set of answers all at once.

In the second phase, immediately after the end of
the Text Quiz Tool testing phase, we asked students
to spend other 10 minutes to fill out the standard
QUIS!* and CSUQY questionnaires. The aim was to
provide information about system usability and user
satisfaction when using the aCME system. Specifically,
the original QUIS questionnaire, developed at the
University of Maryland, was composed of 27 ques-
tions. We dropped those that did not seem to be
appropriate to our tool. Each question was a rating
on a 10-point scale with appropriate anchors at each
end (e.g., “Overall Reaction to the software: Terri-
ble/Wonderful”), where small values corresponded to
unsatisfactory or negative responses and large val-
ues corresponded to satisfactory results. The origi-
nal CSUQ questionnaire, instead, was composed of
19 questions with answers expressing agreements or
disagreements through a 7-point Likert scale with
strongly agree and strongly disagree as verbal anchors.
Both studies lasted between 30 and 40 minutes. Fi-
nally, both the QUIS and CSUQ questionnaires are

available online!®.

4.2.2 Results

Participants were students in their third year of a
Bachelor degree, and in their first and second years
of Master degree at the University of Salerno. The
majority of participants were male (84%) with a mean
age of 25 years.

To analyze the results of the CSUQ questionnaire,
we organized its questions into 6 different metrics,
that is, “Satisfaction”, “Easy of Use”, “Easy of learn-
ing”, “Usefulness”, “Efficacy” and, finally, “Clear-
ness”. Before discussing the results, we have to em-
phasize that, as a result of the first study, we per-
formed a series of changes to the aCME system in
order to address all criticisms raised by the students.
Additionally, since we allowed the students to pro-
vide an explanation for each of the questions included
in the CSUQ questionnaire (we did the same for
the QUIS questionnaire), a series of useful comments
and suggestions were acquired. From the analysis of
these comments we drew out some perplexities about
the clearness and the intuitiveness, as well as, as a
consequence, about the easiness of use and learning
of the tested system.

Overall, as we can see in Fig. 7, all the posed
questions were rated positively. While the Satisfaction
and Usefulness metrics showed the same behavior
across the two studies (we did not make changes

15. http:/ /www.di.unisa.it/ ~delmal/research/usability /aCME.pdf that can justify improvements here), the other four

16. http:/ /oldwww.acm.org/perlman/question.cgi?form=QUIS
17. http:/ /oldwww.acm.org/perlman/question.cgi?form=CSUQ

18. http:/ /www.di.unisa.it/ ~delmal/research/usability / TLT.pdf
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metrics showed important improvements. At the end
of the first study, the students expressed their dissat-
isfaction about the complexity of the User Interface
of the system and the lack of feedback to users when
some events happen. Specifically, 4 students out of
19 expressed their dissatisfaction about the choice to
allow the horizontal scroll instead of a more intuitive
vertical one. Additionally, 6 out of 19, stated that
performing tasks was not straightforward, given the
consistent number of needed actions to respond to a
question (i.e., Select the answer-Accept the answer-
Send the answer, with 3 different windows for each
of the three different actions). Moreover, no feedback
was envisioned to inform the users about the correct
functioning of the tool (i.e., Are answers correctly
sent to the instructor?), or about the delay due to
connection problems (3 out of 19 students experienced
this type of situation, by confusing the delay due to
an overload of the network with a system crash).

In summary the changes that we made to the
system were able to improve users’ experience and
to provide more positive comments to the questions
posed in the second study. Specifically, we made
several changes to the Ul and we envisioned a series
of both help and error messages, to allow the students
to immediately recover from critical situations. Other
changes were performed to solve minor problems (i.e.,
text not correctly shown).

The QUIS questionnaire shows the same improve-
ment across the two studies. As we can see from Fig. 8,
the most interesting results are about the “Screen”
and “Learning” categories. Specifically, our changes
were able to improve users’ perceptions about the
easiness and the satisfaction when using the tested
system. Additionally, the Ul changes were fruitful
to improve perceptions about the “Organization of
Information”, “Sequence of screens”, and “Performing
task is straightforward” metrics.

Finally, the reliability of the various scales of the
questions in the QUIS and CSUQ questionnaires was
good (Cronbach’s « = 0.95 and 0.93, respectively).
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Fig. 7: CSUQ results according to: Satisfaction, Easy
of Use and Learning, Efficacy and Clearness.
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Fig. 8: QUIS results with agreement or disagreements
through a 10-point Likert scale.

5 RELATED WORKS

In this Section we compare our system with related
works in literature, paying particular attention to
the defined design guidelines and MSL features. As
discussed in Section 1, Wong and Looi [9] found that
more efforts are needed to support the seamless use
of multiple device types, the seamless switching between
multiple learning tasks and, to encompass multiple ped-
agogical or learning activity models. The aCME system
supports seamless use of multiple device types since it
is device-independent. Moreover, it has been designed
to be general and tailorable to improve seamless
switching between multiple learning tasks and to
foster the adoption of learning theories by offering
support for a wide set of usage scenario.

However, the issue of platform-independence has
been faced in several studies. Some of them are fo-
cused on content presentation on different client de-
vices. Christ and Feifst [31] proposed a Web-based ap-
proach where the content is separated from its visual
representation, so that the content visualization can be
adapted after devices’ identification and classification.
Meawad and Stubbs [32] developed a Web-based
framework to offer platform-independent content vi-
sualization on mobile devices for a heterogeneous
set of Virtual Learning Environments (VLE, such as
Moodle, Sakai, ATutor). The framework includes a
mini browser developed by using Java-ME. Despite
the Java claim “write once, run anywhere”, the au-
thors clashed with several problems reaching par-
tially the platform independence. Another approach
to provide platform-independent content visualiza-
tion is described by Giemza et al. [33]. The authors
leverage the Model-View-Controller design pattern
to define a shared-model approach, which provides
the possibility to implement devices-specific view-
controller components for the same underlying data
model. Another Web-based platform-independent ap-
proach is presented in the COLLAGE project [34].
The authors developed a platform to create games
related to specific sites (museums, archeological sites,
and so on); for each game the teacher can define
multiple-choice questions (learning path). The students
can answer the questions and can provide comments.
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All these works provide platform-independent vi-
sualization, but they do not exhibit tailorable capabil-
ities. However, it must be emphasized that adaptation
and presentation, needed to make content accessible
anytime, anywhere, and from any access device, is a well-
known issue in the field of mobile and ubiquitous
environments, regardless of the specific context in
which mobile devices are used [35]-[37].

Few works present studies addressing tailorability
and extensibility functionalities. Boticki et al. [38], [39]
present an extensible framework providing generic
collaboration features as foundation for domain spe-
cific modules. Among the others, the authors present
two applicative modules: the FAO application, sup-
porting fractions teaching, and the Chinese-PP appli-
cation, supporting the Chinese language teaching. The
framework is based on a client-server architecture,
where the clients can be applications for desktop
computers and applications for mobile devices. The
applicative modules for mobile devices were imple-
mented as applications to be installed, therefore, re-
quiring a specific implementation for each mobile
device platform. Therefore, while it is tailorable, this
work is not platform-independent and moreover, it
requires software installation on the devices.

Our system architecture goes beyond the state of the
art since it is designed to be general and tailorable
as well as platform-independent, therefore enabling
system usage in a wide set of possibilities, in terms of
supported devices and learning aims and domains.
Moreover, the aCME system has a low cost deploy-
ment, since it does not require to install any software
or to configure the mobile device.

6 CONCLUSION

The high proliferation of smartphones and hand-held
devices is leading to an increasing interest in the
adoption of such technologies in learning processes.
However, mobile devices are not able to improve
learning activities just because they are mobile: mobile
learning systems should be designed to support the
integration of learning theories and mobile learning activ-
ities (Pedagogical Challenge 1) and the integration of
mobile learning activities in a real context (Pedagogical
Challenge 2), by covering a variety of topics and
activities across time and space. In their review, Wong
and Looi [9] found that further studies are required
to encompass multiple pedagogical or learning activity
models, to support seamless switching between multiple
learning tasks as well as to enhance seamless use of
multiple device types. In order to face the pedagogical
challenges and to provide a full-featured MSL system,
we defined our MSL Design Guidelines. In particular,
an MSL system should be able to satisfy a wide set of
domains (Generality and Tailorability) and should be
easy to use (Simple User Interface). Moreover, to ad-
dress mobile issues, it should be easy to start up (Low

12

cost deployment) and it should work on any hardware
and operating system (Platform-independence).

Beyond these design guidelines, we also identified
a set of functional requirements ranging from the
communication among the involved actors (students
and teachers) and the possibility to integrate new
functionalities. Following these guidelines and re-
quirements, we developed the aCME system, a Web-
based infrastructure to support mobile learning ac-
tivities. Our Web-based approach guarantees device-
independence, with our software components being
used on a variety of devices, regardless of the un-
derlying hardware. No software has to be installed
and any plugin has to be loaded into the browser.
The application logic has been implemented server-
side, to reduce the burden on the mobile devices,
given their limited processing capabilities. Moreover,
the Bundle-based architecture of the aCME system is
able to guarantee modularity, flexibility and finally
extensibility. The Layered architecture allowed us to
develop and deploy new modules, exploiting the core
functionalities of the system. The linkage between the
requirements (Design Guidelines and MSL features)
and the adopted solutions (architectural design and
technologies) is detailed in Fig. 9.
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To prove the Tailorability guideline we presented
the Text Quiz Tool, an instrument that implements
Student Response System functionalities. We also an-
alyzed the usability and the user satisfaction when
using it in a Conference scenario setting. Specifically,
we performed a preliminary study with students and
teachers from the academia involved in two different
evaluations. Criticisms, feedback and suggestions by
the participants during the first evaluation study lead
us to develop a new tool from scratch. The new tool
was positively rated in the second evaluation study,
with the most positive results achieved about the
easiness of use and learning of the provided tool, and
also its efficacy when used in a learning activity.

An interesting side effect of our usability survey
was that we were able to test the flexibility of the
underlying infrastructure on a real case. In fact, we
were able to quickly address users’ suggestions and,
in about two weeks, we were able to design, imple-
ment, test and deploy a new tool that was successfully
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evaluated by the second evaluation study. Moreover,
we can exhibit some evidence of the flexibility of
our framework, since the tools have small size and
impact very lightly on the developer because they are
fully supported by aCME system. To wit, an empty
“Hello World” tool (as created by our wizard) is
roughly 100 Lines of Code (LOC)Y, while a simple
chat is around 400 LOC, and the Text Quiz Tool (that
requires a complex communication mechanism for
the orchestration of the interactions and the different
users’ roles) is about 2000 LOC, where the whole
infrastructure is one order of magnitude larger®, not
to mention the off-the-shelf JBoss application server
where our framework is deployed.

We would like to emphasize that the evaluation
of our system is somewhat limited. In fact, our pre-
liminary evaluation studies only aimed at measuring
user’s satisfaction when interacting with the devel-
oped system and its interface. We are planning, as
main future work, a more complete experimental
study, in order to analyze whether the aCME system
can improve overall engagement and performance
when employed in educational environments. Per-
ceived usefulness and ease of use metrics could be
analyzed to derive insights about the acceptance of
the software, by considering factors, such as, work
effectiveness and productivity, and finally, system ac-
cessibility [40]. In particular, accessibility could sig-
nificantly affect the system’s acceptance from users
with disabilities. Additionally, larger and more di-
verse sample sizes could result in more generalizable
and significant results.

Moreover, another future direction will include
benchmarking tests in order to analyze the overall
performance of the system, in terms of reliability,
responsiveness, and also, in terms of battery con-
sumptions of mobile devices [41].

Finally, we are planning to develop new tools to
enhance collaborative functionalities to allow cooper-
ation during learning activities.
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