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Abstract. Learning and teaching processes are not restricted to an institution or 
a period of time. A person can learn from experience, from the interaction with 
peers, because he/she has a personal interest on something, etc. Lot of such 
learning activities are today mediated by the Information and Communication 
Technologies. Such technologies allow the users decide what tools and contexts 
use to learn. But, in order the learning activities can be taken into account they 
should be visible for the institutions. In this paper a service-based framework to 
facilitate this is presented. It is specially focus on the communication of the 
mobiles devices used as a learning tool with the traditional institutional learning 
platforms. The framework is implemented as an Android solution and tested by 
students. From these tests, it can be seen that a mobile Personal Learning  
Environment is possible and its use motivates students’ participation in learning 
activities. 
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1 Introduction 

The way in which users interact with different systems has changed along the time. 
The evolution of Information and Communication Technologies (ICT) and their ap-
plication in different contexts have effects in the way in which people carry out their 
activities [1]. One of these application areas is learning and teaching processes. ICT 
has influenced the way to access the contents, how the interaction is carried out 
among the different stakeholders, the kind of tools and resources used, etc. [2]. 

Nowadays, a learner uses very different applications and technologies to learn. 
From an institutional point of view, these tools are usually provided by the Learning 
Management Systems (LMS), which is a very popular and common solution in both 
Industry and Academic contexts [3]. However, learners not only learn in such official 
contexts and only with institutional applications, nor in specific periods such as aca-
demic courses, they learn along their lives, using tools that are not provided and con-
trolled by the institution [4, 5].  

To represent these other learning ways, including the personalization capabilities 
that belong to the current digital are we live, Personal Learning Environment (PLE) 
concept is defined. PLEs facilitate the users’ learning process allowing them to use 
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those tools they want and not binding them to a specific institutional context or learn-
ing period such as the traditional LMS does [6]. The implementation of this concept is 
not an easy task because the PLE should include very different tools and they should 
coexist and interact with existing LMSs, especially to provide information about other 
learning activities that the learners may carry out. However, the learner does not use 
just different tools, but also different technologies such as mobile devices. Mobile 
technologies are quite popular nowadays and provide very sophisticated services that 
make them a proper platform for the definition of a Mobile PLE, mPLE.  

However, regardless of the PLE underlying technology, they should interact with 
the LMS. The introduction of a PLE does not suppose the demise of the learning plat-
forms [6]. LMSs have been highly successful in stimulating online engagement by 
teachers and learners and besides they are widely used, and large investments have 
been made on them [7]. The likely coexistence of LMSs and PLEs introduces a  
requirement for interoperation between the two contexts that should be taken into 
account in web and mobile platforms. 

Based on this idea of mPLE there exist several solutions. Some of them consider 
the mobile device as a PLE by itself (with the problem about the lack of the learner’s 
tool integration, which may mislead her) [4]. Other solutions use specific features of 
the mobile to adapt learning to the user (GPS, accelerometer, the camera and so on); 
the problem in this case is the great dependence on the mobile devices hardware and 
software [8]. Other initiatives use widgets to represent different functionalities in the 
mobile, but these have also the problems related to the diversity of software and with 
the low use of standards [9, 10]. Finally, there are several experiences that make easy 
the LMS representation in the mobile device [11, 12]; they have the problem that 
learners are limited to a specific set of institutional tools. 

Given this context, it is necessary a solution that facilitates learners the possibility 
to include and use the tools they want for learning, including both institutional and 
non-institutional applications. In addition, it should be possible to return to the LMS 
the information about what is happening with these tools in the mPLE context. To do 
this, this contribution presents a mobile PLE based on Android technologies and an 
interoperability framework. 

To describe this solution the paper is structured as follows. Section 2 presents the 
solution approach, the interoperability framework and how the mobile device is con-
nected with the LMS. Section 3 describes the Android implementation of the solution. 
Section 4 poses the result of the evaluation of the implementation. Finally some  
conclusions are presented. 

2 Proposal for a Mobile PLE 

As commented above, there is a necessity to take into account the learning activities 
that happen in the tools used by learners in their mobile devices. To make this possi-
ble it is necessary to define communication ways between such tools and the LMSs in 
a way that the activities carried out in the devices can be taken into account. This is 
the idea of mPLE, understood as a set of mobile services, tools and communication 
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channels that make easy the learner to carry out learning activities outside of the insti-
tutional environment with the possibility to return to it the outcomes achieved. 

In this sense the authors of the paper have defined a service-based framework that, 
by using web services and interoperability specifications, facilitates the definition of a 
PLE with activities that returns information to the LMS [13]. Such framework in-
cludes a mobile device that by using web services would include into it an institution-
al activity. However, the framework did not consider the reality of a mobile PLE and 
it has been adapted (Fig. 1). 

 
 

 

Fig. 1. Deployment diagram of the framework 

The LMS is the basic tool of the institutional environment. Each node can include 
one or several and the framework does not define the specific LMS to use or if it is 
going to be use one or several. However, the LMSs should satisfy a minimum set of 
requirements, they should support web services and interoperability specifications. In 
Fig 1. is seen that the LMS implements a web service interface (WebServicesInteface) 
and a interface as the consumer of a interoperability specification (Interoperability-
ToolConsumer). In addition, it uses the interface implemented by the tools to integrate 
them, the InteroperabilityToolProvider interface. 

Other important elements are the tools included in the mPLE. These are the tools 
that the learner may use to learn in his/her personal environment defined in the mobile 
device. There are three types of tools: 

• Tools that do not interact with the LMS. These are tools that can be employed in 
learning activities, but in order to take into account what the user does in them, the 
teacher should leave the LMS, enter into the tool and check the activity carried out. 
In example, the use Instagram in the mobile device. 
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• Tools that use the LMS web services. These kinds of tools use the web services 
provided by the learning platforms in order to access to information and functional-
ities from outside of this environments. Such tools should include a web service 
consumer that uses the web service interface provided by the LMS. In example, an 
adaptation of the forum that can be use in the mobile. 

• Tools that can integrate the students’ activity through the use of interoperability 
specifications. These tools, using interoperability specifications, can be set up and 
instantiated as learning activities by the teacher in the LMS. In this way, the stu-
dent may use them in the mobile device and it is possible to return the learners’ 
outcomes achieved in such context to the LMS. The teacher does not need to 
access to other contexts to check what the learner has done. 

It should be noted that a tool can consume web service and at the same time act as a 
Tool Provider by using interoperability specifications. 

Other kind of components, as commented above, is the mediators, also known as 
Proxy Tools. These components facilitate the communication among the tools and the 
learning environments. They have two main aims. The first one is to facilitate the 
integration of tools that cannot implement a Tool Provider. This means tools that can-
not be accessed to modify the source code. In this case, the mediator also interacts 
with the tool with the interfaces that they provide (ExternalToolAPI). The other aim 
of the Mediator is to provide additional functionalities o pre-process data. In example, 
it can be used to provide an interface to evaluate learners’ activity in tools that are 
integrated but were not thought as learning tools. 

3 Implementation of the Framework and the Mobile Solution 

In order to check the suitability of the framework it is implemented as a proof of con-
cept. In consists of: 

• Institutional Context. Although different LMSs could be used, several Moodle 2.1. 
instances will be used in the proof of concept. There are different reasons for using 
of Moodle in this context:  apart from the fact that Moodle is one of the most pop-
ular LMSs all over the world, it also is: 1) open source; 2) developed and supported 
by an international community with more than 1000000 members [14]; 3) a system 
with more than 68000 installed servers in which there are more than 58 millions  
of students; 4) translated to more than 75 languages [15]; 5) has great success  
in different institutions [16]; and 6) it includes a web service layer that open  
it to new technologies and facilitates it to be integrated with service oriented  
architectures [17]. 

• Communication channels. In order to implement those channels, web services are 
used to exchange information and interaction with the LMS and BLTI to integrate 
the students’ activity performed in other environments and to guarantee the porta-
bility of the framework to other contexts. The web services will be those provided 
by the LMS, which can be extended by following the Moodle extension protocol in 
case of need. However, it is not possible only to use web services because this 
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would mean that the framework should be adapted to the service layer of each  
platform to use. This is solved by using BLTI, implemented by most of LMS [18]. 

• The Mobile Personal Learning Environment. There are several possibilities to  
implement the mobile PLE. 
It can be implemented as a widget container with different widgets representing  
the tools. This kind of solution facilitates the representation of the applications  
not only in a mobile context, but also in a browser or in the computer desktop.  
The main problem of it is that the existing mobile run-time containers are beta 
products and some widgets are not working properly and such containers are linked 
to a specific mobile operating system (there is a version for android, other for  
iOS, etc.). 
Other possibility is to use web services to connect a HTML5 [19] solution. In this 
way, it is possible to represent the mobile device independently of the device. The 
problems of this solution are that it is joined to a specific LMS and which means 
that is not easy to include other tools. In addition, a HTML5 solution does not  
allow the learner to add any tool he/she uses to learn. 
Taking this into account, for the implementation it was decided to use a specific 
mobile system, Android. It is one of the most popular mobile devices operating 
system and, although this constrained the solution by a specific technology, it  
facilitates a free, open and scalable definition of the mobile PLE. 
In order to carry out such implementation, first a container is defined. It gives  
access to the user to the different tools included into the PLE (Fig. 2).  

 

 

Fig. 2. Screenshot for the mobile PLE with access to all the tools 

In addition, it allows leaner adding any tool installed in the phone and facilitates to 
download and install others. They can be institutional tools adapted to the mobile  
that uses the LMS web services interface; and also other tools that, by using interop-
erability specifications, return the outcomes of the learners’ activity in the mobile 
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environment. By default, two tools have been adapted for the mPLE. One of them is a 
Moodle forum. It represents how an institutional tool can be accessed through the 
mobile PLE and the activities that take place are reflected in the LMS (Fig. 3). With 
this tool the learner can read his/her forums in Moodle courses, create discussions, 
posts, etc. 

 

 

Fig. 3. Screenshot of the forum application into the Mobile PLE 

The other tool uses interoperability specifications to return learners’ outcomes  
to the LMS. It is a quiz tool; the learner can answer quizzes and return the results to 
the LMS (Fig. 4). The teacher in Moodle instantiates a quiz-based activity and the 
learners can access to it through his/her mobile and fulfil the quizzes. 

 

 

Fig. 4. Mobile Quizz tool in the Mobile PLE 

Other tools installed in the phone could be also added to the application (Fig 2), 
YouTube, Wikipedia, Instagram, etc. 
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Given this implementation of the framework, different interaction scenarios are 
evaluated; one of them is described in the next section. 

4 Pilots and Evaluation 

In order to evaluate the framework and the Mobile PLE a pilot is carried out with 
students of the third course of Education Degree of the subject Evaluative Research in 
Education. The pilot involved 56 students. The methodology used to validate the sys-
tem is a quasi-experimental design [20]. This methodology is used because in this 
experiment pre-established groups of students (class-groups) are involved, so it is not 
possible to have a complete randomized group of people [21]. Thus experimental 
design is not applicable. 

Quasi-experimental design implies the definition of a hypothesis that is checked by 
using an experimental group and a control one (independent variable). In both groups 
the same tests are applied, a pre-test at the beginning of the experiment and a post-test 
after it. The students of the experimental group test the system (that is to say they use 
the forum application in the mobile Personal Learning Environment) while the people 
in the other group do not. After running the experiment, data is analyzed by using 
probabilistic techniques to validate the initial hypothesis. 

The scientific hypothesis of this experiment would be “The students appreciate as a 
positive asset to the use of institutional functionalities in a mobile device, which helps 
them to learn”. From such hypothesis, a dependent variable is defined: “The impact of 
the use of institutional functionalities through mobile devices”. To operationalize this 
dependent variable, some asserts (also called items) have been proposed to the stu-
dents and they have graded their agreement by using five value levels (1=Strongly 
disagree, 2=disagree, 3=indifferent, 4=agree, 5=Strongly agree). 

In the pre-test:  

─ I.1. Sometimes I use my Smartphone to access to Moodle and its resources. 
─ I.2. I use my mobile device to learn through online tools and some mobile appli-

cations. 

In the post-test: 

─ I.3. The application of online tools, mobile native applications and Moodle func-
tionalities into the mobile help me to learn. 

The scientific hypothesis is accepted if the results of the pre-test are similar in both 
groups (which prove that both groups are similar and have a common knowledge and 
background) and the results of the post-test between the persons involved in the expe-
rimental group and the control group are different (those who have tried the tool 
should answer in a different way). So, the following null hypothesis for both groups is 
proposed: H0: μE = μC (where μE is the average grade for the experimental group 
and μC for the control group). To check it, Student’s T test was applied. The results 
of the first test can be seen in the Tab. 1, with a signification of a 0.05. If the signifi-
cation of the item is under 0.05 the null hypothesis is accepted, if not, it is rejected. 
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In Tab. 1 one can see that in both pre-test items the null hypothesis is retained (that 
is, the experimental and control group answer more or less the same) with a bilateral 
signification of 0.700 and 0.449 that is greater than 0.05. In the post-test the null hy-
pothesis is rejected (the results between the experimental and control group are differ-
ent). It should be noted that in item I1 and item I2 the average for the experimental 
and control groups are around 2 or 3, which means that most of them do not use mo-
bile devices to access Moodle or other learning tools. It is also interesting to consider 
the average of the experimental group in the post-test (4.25) which shows that the 
students who tested the system consider it useful for learning.  

Table 1. The results of the Student's T-test 

Pre-test results for Student’s T test 

VD       

I.1 2.90 1.081 2.80 1.348 -0.393 0.700 

I.2 3.10 0.960 2.80 1.239 1.193 0.449 

Post-test results for Student’s T test 

I.3 4.25 0.749 3.27 0.978 2.315 0.021 

 
To support this conclusion an opinion assertion about the experience was posed to 

the students of the experimental group. This assertion is: “After using the Moodle 
forum through a mobile device I consider export tools like that to mobiles make me 
easy to follow discussions and participate in the forum, so my learning is improved 
and the forums use is in my opinion more attractive”. The 95% of the students agree 
or strongly agree with the assertion, they consider useful to export this kind of  
functionalities.  

The conclusions obtained from these experiences allow the validation of scenarios 
but always from the students’ perception; as a future work they should be checked in 
other contexts, with other kind of students, with teachers, etc. In addition other statis-
tical tests can be applied such as non-parametric tests as the Mann-Whitney U test. 

5 Conclusions 

During this paper two main problems have been posed. The learners do not learn just 
in the institutional environments, they learn during their whole life, using very differ-
ent tools and in very different contexts, and it is necessary to have such learning into 
account. Moreover, nowadays mobile technologies facilitate to access to that kind of 
learning, so it is necessary to take into account what happens in those devices. This 
can be done through the definition of a mobile Personal Learning Environment that 
allows, on the one hand, that the students can use any application of their device to 
learn and, on the other, to make visible such learning instances to the institutions.  

In order to make this possible the paper presents a service-based framework ap-
proach. This framework, by using interoperability specifications and web services, 
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makes possible the communication among the mobile PLEs and the institutional  
platforms. 

Such framework has been implemented as an Android mPLE and tested with stu-
dents of the University of Salamanca. From such test, it can be concluded that, from 
the students’ perspective and in a controlled context, the opportunity to represent 
students’ PLE in a mobile device that includes functionalities and/or information from 
the LMS, which could be combined with other tools they use to learn, encouraging 
them to participate in the subjects and helps them to learn. 

As a future work, regarding the framework implementation, it is interesting to im-
prove the client to support logging, and in this way have quantitative data about which 
are the most used mobile tools to learn; to define new versions of the system for other 
operative systems; to adapt more tools; to measure the usability of the solution; to com-
pare the results of validation with other implementations, i.e.: HTML5 clients; etc. With 
regards to the validation, it is needed to consider different contexts far from the universi-
ty world, with people with less knowledge about the use of mobiles, in different coun-
tries and to apply other statistical tests and qualitative techniques during the pilots. 

As a final conclusion, it is possible to say that the implementation of a mobile PLE 
is a fact and, although the solution can be improved, the key issue is that it is possible 
to make visible learning activities to the institution. 
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