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Abstract: The needs of tools able to effectively support the learning process is a well known open 
issue in the field of Technology Enhanced Learning. Two different directions for improving this 
situation could be explored, depending on the pedagogic model: directly support the self-reflection in 
a more self-regulated learning experience or fostering the tutoring processes for the supervision of 
learners' activities. Stressing the data collected in TEL platforms by the processes of adaptation and 
personalization, typical of Web 2.0 and its interaction model, we developed an infrastructure for 
creating adaptive visualization of learners' profile in the context of a distributed and heterogeneous 
environment. In this article we present an initial evaluation of the software: after introducing the 
structure of the tool, called GVIS, we present a first test case with very simple representations in a real 
course and the users' feedback about their experience. A set of more advanced visualizations are under 
development and we expect to perform further evaluations using a questionnaire on the new mockups. 
The data already collected showed a good user experiences, although some problematic aspects still 
exist and highlights issues to still be addressed. 
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Introduction 

The needs of tools able of effectively supporting the learning process is a well known open issue in 
the field of Technology Enhanced Learning. This is particularly important due to the limitations in 
communication  channel that are related to the mediation by technologies and the removal of physical 
presence. Two different directions for improving this situation could be explored, depending on the 
pedagogic model: directly support the self-reflection in a more self-regulated learning experience or 
fostering the tutoring processes for the supervision of learners' activities. Both of them could be 
effectively supported through the creation of graphical representation of relevant data, aggregated at 
different level and with different view, based on the roles and the profile itself. 

Furthermore, another component play a major role: the paradigm of Web 2.0 has changed not only 
the way we explore and search in the Internet network, but also how users expect to interact with 
online resources. Posting comments about a news in a blog, refining an article in a collaborative wiki, 
or aggregating information from heterogeneous sources are features that also affect the field of 
eLearning, thus determining the space for a wider definition of Technology Enhanced Learning (TEL). 
Instead of trying hard to accurately reproduce the face-to-face experience in an online environment, 
recently a new approach has emerged: its main characteristic could be seen in the effort of stressing 
what the electronic medium offers and the technologies implemented on it. As a consequence, the 
introduction in the learning process of different tools, platforms, widgets and devices creates a 
personal space for a potential fruitful usage of the rich and diffused amount of resources available for 
the learner experience. The availability of  many contents not specifically designed for being part of a 
structured flow, enriches the learning experience and demonstrates the potential impact of Informal 
Learning. In such open approach, the concepts of personalization and adaptation assume a central 
role. On the personalization side, the possibility to choose among different options – such as the type 
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of media used (text, audio or video) or the approach adopted in the subject presentation (inductive or 
deductive) – allows learners to have a well-suited  experience. On the adaptation side, the students are 
provided with the content that is appropriate to their profile.  The integration between many and 
dynamically added sources, heterogeneous tools, devices for different situations, supported with the 
two processes of personalization and adaptation, creates a working space known as Personal Learning 
Environment. In this context researches have demonstrated that it is useful to consider the richness of 
the experiences adopting a holistic approach (McCalla 2004), such as it is normally done with 
complex system, like a natural ecosystem in ecological analysis. 

For these adaptive features, one of the most important component is the student model, which is in 
charge of keeping track of the learner's knowledge and skills acquired during the learning process. As 
already discovered (Bull & Kay 2008), in order to increase the level of engagement of learners, 
stimulate the perception of their current status, and to encourage reflection as learning (Bull 1997), the 
student model can be opened to the inspection of learners and instructors. Student models are usually 
made available as visual representations, because it simplifies the data interpretation. Since the user 
information is not only stored into a specific student model system, but is often distributed in a number 
of platforms used for different purposes, data must be aggregated from different tools (e.g. student 
models, intranet usage data, LMS data) and provided consistently to the interested users, preferably in 
visual format (Dror et al. 2008). We designed a specific multi-tier infrastructure for this purposes, in 
the context of the EU-FP7 GRAPPLE project (Van Der Sluijs & Hover 2009), which aims at making 
already existing LMSes able to include adaptive contents and at sharing some controlled set of data 
about  users. Other approaches to the problem of creating personalized experience in TEL are 
“educational mashup” (Esposito et al. 2004) and “ubiquitous and decentralized user model” (Van Der 
Sluijs & Houben 2006, Heckmann & al. 2005). In these works researchers aims at aggregating user 
data from different systems, but they tackle to problem from different point of view. From the user 
point of view, we have to consider that a high quantity of mashed-up data might cause an overload 
problem (Chen 2009), that becomes problematic when it distracts from the learning activity and makes 
the learner confused about the data represented. Our solution consists of compact and detailed 
representations. We provide mash-up data as compact indicators in the main LMS user interface, while 
the detailed view are represented through set of widgets in the user dashboard. To limit the overload 
problem, the visual representations can be made adaptive to the role, to the context, and to the 
activities performed by the learner. The adaptation helps in creating more comprehensible and easier 
indicators. For example, the adaptive dashboards adopted in the field of Business Intelligence (Schutz 
2009) are used to representing the most useful and relevant subset of the all information available for 
the ongoing task. 

Next section will describe the infrastructure we implemented; then we will discuss how the 
adaptable features provided could offer interesting capability in the context of Web 2.0 and of 
mashuped data; then we present an initial implementation with very simple indicators we run in the 
context of a real course and the survey we carried out with the involved learner. We conclude the 
article presenting some reflections on the collected data and what we expect as output from the 
application of our infrastructure in TEL projects. 

The Infrastructure 

GVIS - acronym for GRAPPLE Visualization Infrastructure Service - is the infrastructure we 
developed to extract data from different sources and enable instructional designers to easily create 
adaptive indicators of the learning state for learners and tutors. 
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Fig. 1 The GVIS architecture: the adaptation is produced in the two upper block of the engine - Aggregator and 
Builder - based on a set of contextual rules driven by conditions on data already calculated. 

The user's profile is normally created on the basis of the activities and interactions of users in the 
learning environment. Data in user profile is stored in form of logs and tracking data (even if some 
systems already memorized it in the learner model, at an higher level of aggregation and abstraction). 
Although many Learning Management Systems already provide the possibility to explore this user 
tracking data, in many cases the visual presentation of the information is not well suited to users' 
specific needs. Usually the exposed data is provided as a simple list of user activities, or access to 
course contents, without the possibility to explore it with an aggregated didactic view. In fact, this 
feature was originally thought for tecphnician in charge of solving technical issues, rather than for 
instructors or tutors interested in improving pedagogical aspects. In other cases, the presentation of 
data is limited to a data subset or is predefined by developers and fixed (Mazza & Milani 2004, 
Mazzola et al. 2010a). Notable exceptions in the field of OLM are OLMlets (Bull et al. 2009), in 
which the learner can choose between seven different representations. Nevertheless they normally 
relies on data coming from the single system they were developed with. 

We provide an easy way to create effective graphical presentation of arbitrary data from different 
and heterogeneous sources. We propose a three-tier architecture composed by a data extractor, a data 
aggregator, and a builder (see Fig. 1). All the levels rely on a configuration file that the instructional 
designer can change or expand to create graphical indicators (in the form of widgets) of one or more 
interesting characteristics of the user profile. Our infrastructure can connect to any data source with 
different connection types (e.g. databases, Web services, connection bus), only by writing a small  
adapter. The output of our tool, as seen by a final user, is a flash based interface that represents, with 
one of the available  graphical metaphors, the personal information aggregated according to the 
didactic model. We rely on a highly configurable infrastructure based on three layers: extraction, 
aggregation and widget creation. This schema follows a common data processing pattern: retrieve raw 
data, extract or derive , and present it in the most suitable way (Mazzola & Mazza 2009a, Mazzola & 
Mazza 2009b). 

Mashup of data in web 2.0 
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Fig. 2 The mashup architecture: the data path from heterogeneous sources to final smart graphical widgets. 

Since Webservices and RDF specifications play a major role in integrating distributed services for 
Web 2.0, we developed an infrastructure able to take into account different kind of data sources by 
means of configuration profiles. The process of including facilities in a liquid and adaptable 
environment requires not only the availability of standardized way for namelessly connect the active 
component with the environment that will host it (known as the container), but also an effective 
method –like the JSON specification– for exchange data between different applications, services and 
data storage facilities. Fig. 2 shows the current infrastructure of GVIS, with a detail on the connection 
with heterogeneous sources. The system is flexible as the behavior of its main components can be 
easily changed by modifying their matching XML configuration files. 

Even if the tool is designed for usage in the context of a distributed and heterogeneous 
environment, for a first test case, we applied this architecture to a single course deployed on our 
institutional LMS, that we will present in the next paragraph. Even if this case does not present 
distributed characteristics, it is important to consider the fact that the unique source of data is external 
to the tool. For the other aspect -the mashup of data-, it requires more than one source that are 
naturally related to the learning experience and is not easy to find them. As a proof of concept, we are 
starting using the same tool on a federation of different learning platforms in the context of the 
European project GRAPPLE. To test the practical feasibility of mashing up data we developed other 
experiences, relaying on completely different sources of data, like folksonomies and tracking logs 
from personal browsing history (Mazzola & al. 2010b). 

A first application in TEL 

In order to test the GVIS visualization module in a real environment, we created a testing platform 
with the Moodle LMS  that includes a GVIS visualization module. We started without relying on the 
adaptive features. In this environment, the data source for GVIS is the log data created by the Moodle 
LMS and stored in its local database. The first step is the creation of meaningful didactic aggregators: 
in other terms, how to aggregate source data to helps learners and instructors in their activities. For 
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achieving this goal, we adopted an iterative approach: the teacher indicates which kind of information 
is interesting for his activities and a Moodle expert proposes a possible way to collect the needed data. 
Subsequently, they inspect the results, decide what is to modify, and change it accordingly. At the end 
of this process we identified a set of six candidate indicators: two for the learners, very compact and 
seamlessly integrated into the usual Moodle users interface, and four for the tutor/teacher. 

Fig. 3. The output of GVIS module inserted into a Moodle course. 

This initial pilot phase was conducted applying the GVIS architecture to the course “Educational 
Communication and eLearning" held during the winter term of the academic year 2009-2010 by prof. 
Cantoni at Politecnico di Milano in Italy, in the MS degree in Engineering in Computer Science (see 
Fig. 3). Although in this test we did not aggregate data from different sources, our visualization 
infrastructure helped to aggregate data coming from different tables in the Moodle database, and to 
visually represent contextual information about the course and the learners. We developed a specific 
widget for representing the number of logins and the messages posted in a forum. An interesting 
outcomes was the graphical comparisons between the learner's specific information and the average 
value achieved by the class, which can work as reference for the self-monitoring process of the user's 
progress (Woolf 2009). We implemented functionalities for supporting learner: Fig. 3 shows the 
number of messages posted to the forums by the current user and the combination of accesses done to 
resources in the course by the student. The widgets also allow the  comparison with the average of the 
class and, in the first case, also with the expected level by teacher.  Both these pieces of information 
are considered important by the instructional designer who developed the online part of the course. 
Others widgets  developed for this pilot study are the number of login to the course group by date and 
by student, and the number of forum post by date (grouped by the people that posted each day, the 
total number of post for day and for students). 
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Fig. 4. The GVIS instance for teacher. A classification of the posts based on the submission date - Early, 
OnTime, Late and Uncompleted - is presented (on left), accompanied by the relative evaluation (on right). 

Specifically (see Fig. 4) in the pie chart, groups of messages posted during the same range of dates, 
based on different deadlines, are depicted using different colors. Each slice of the pie represents a 
category based on the posting date with respect to the deadline set by the instructor; this can be: early, 
on time, late, or uncompleted. The size of the slice indicates the number of messages into each posting 
category. The instructor may give a grade to each message posted in the forums, depicted in the bar 
chart on the right. In this visualization, bars represent the distribution of grades given by instructor to 
postings, and the color of bars represent the posting specific category  (early, on time, late, or 
uncompleted). 

The user experience feedback 

We run an initial evaluation that allowed the learners to provide feedback on their experience with 
the system. We devised a questionnaire with 16 question on a 5 point based Likert-scale. We 
submitted it at the end of the course as an online survey. The possible answer ranges from complete 
disagreement with the concept expressed (1 - SD) to  complete agreement (5 - SA). The first 
interesting result was that 22 out of the 45 students answered in the timeframe allocated. The first 
impression seemed to be promising, even if we know that a real scenario is needed to confirm these 
initial results, due to the very limited impact of the current one (only one course during a semester). 

For the moment we ignore the non-quantitative answers we received. After some introductory 
information about the aims and the scope of the survey, the questionnaire collected demographic data, 
such as the age, the gender and the role of the respondents. Unfortunately, probably due to the context 
of the course, we collected feedback only from male students. The average value for the age is 23.77 - 
with variation from a minimum of 22 to 32 as maximum - and all of them compiled the survey as 
learner. In Table 1 we report some analysis on the results: for easiness of interpretation we converted 
all the answer in a positive scale, complementing to the maximum each value obtained in the question 
marked by the asterisk. 

We group variables for preforming some analysis on them; w ecalled the found sets C1, C2, C3 and 
C4, based on the percentage of positive versus negative answer provided and the standard distribution 
measure. In the first group, the most positive one, we collected the question USD1, USD2, and VBBI1 
that are related to the easiness in understanding the visualizations, and to its capability of helping 
teacher in tailoring the teaching to individual learners. 
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Cod Question nr MIN MAX Mean SD 

C2
UST1 I find this visualization suitable for getting an 

overview on the current status in the learning 
process 

22 2 5 3.86 0.7102

C2 UST2 * I think the visualisation provides irrelevant 
information 

22 2 5 3.86 1.0372

C1 USD1 It is easy to understand this visualisation 22 3 5 4.23 0.8125

C1 USD2 * I find this visualisation unnecessarily complex 22 2 5 4.05 0.8439

C2 VBM1 I think this visualisation can help learners to 
reflect on their learning 

21 2 5 3.71 0.7838

C3
VBM2 * I think this visualisation will not significantly 

promote learners understanding and awareness 
of their learning progress 

21 2 5 3.57 1.0282

C4 VBCL1 I think this visualisation is able to leverage 
mental workload 

21 2 4 3.14 0.7270

C4 VBCL2 
* 

I think interpreting this visualisation would put 
additional cognitive effort on the learner 

21 1 5 3.00 0.8891

C2 VBLE1 
* 

I think the use of this visualisations will not 
make a difference for learning performance 

21 1 5 3.62 1.0713

C4
VBBP1 
* 

I think this visualisation would hinder 
collaboration among peers 

21 2 5 3.10 1.1360

C2
VBBP2 I think this visualisation can help learners to 

better understand their learning through 
comparison with other learners 

21 1 5 3.71 1.0556

C1 VBBI1 I think this visualisation would help instructors 
in tailoring their teaching to individual learners 

21 2 5 3.90 0.8891

C3
VBBI2 * I don’t think that this visualisation can help 

teachers in better understanding their students’ 
needs 

21 1 5 3.57 1.3628

Table 1. The results of the survey: analysis 

In set named C2 - composed of the question called UST1, UST2, VBM1, VBLE1, VBBP2 - the 
rate of positive answers is predominant but some learners reported to find that dimension are not so 
well suited. The topics explored in this group are related to the capability of offering a suitable 
overview of the current status, to the absence of irrelevant information, how much the visualization 
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can support the users’ reflection (also in comparison to peers) about their learning experience and the 
expected impact of the visualization on learning performances. The following two groups share the 
fact that negative answers arise to a significant rate, positioning them between the (possibly or quite 
surely) problematic aspects. 

Cluster C3, that involve the questions VBM2 and VBBI2, are respectively related to the possibility 
to promote learners understanding and awareness of their learning progress, and to help teachers in 
better understanding the students’ needs. 

Furthermore, the most problematic set C4 is represented by the VBCL1, VBCL2 , and VBBP1 
questions that investigate about the capability to leverage mental workload using GVIS, the additional 
cognitive effort imposed by the tool and the possibility that it prevents the possible collaboration 
among peers. 

Conclusions 

We presented an architecture to enable instructional designers to create graphical representations of 
one or more characteristics of the learner model. The semantic is expressed through a number of 
configuration files that drive the behavior of the component. We collected feedback from learner about 
their experiences and their feeling that the implemented  tool is able to achieve the declared objectives. 
The evaluation of quantitative answers seems promising, even if some minor problematic aspects still 
exists. The contribution of this work is twofold: in the orchestration domain and also in the support for 
the sustainability of TEL solutions. For the former aspect two concurrent factors could positively 
influence the learner experience: the adaptability in order to reduce the cognitive overload required for 
the information interpretation and the support of metacognitive skills through the self-reflection 
processes by the learners. For the latter, instead, an enhancement of the awareness about the learning 
experience, through the visualization for presenting information, can play a major role in supporting 
the tutor duties and enabling teacher to improve the learning paths and activities, based on real usage 
data. We are aware of the possibility of achieve negative effects through the application of our 
infrastructure to TEL experiences, ranging from unexpected behaviors in groups with a low level of 
participation or riding phenomenons, to the impact of this data on learner with less active attitude to 
interact and collaborate till the informative overload for newly comers. 
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