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Abstract
In this article we present an infrastructure for creating

mash up visual representations of the user profile that com-
bines data from different sources. We explored this ap-
proach in the context of Life Long Learning, where dif-
ferent platforms or services are often used to support the
learning process. The system is highly configurable and
adaptive: data sources, data aggregations, and visualiza-
tions can be configured on the fly by the administrative
user without changing any part of the software, and have
an adaptive behavior based on linear combination of con-
ditions about user or system characteristics. The visual
profiles produced can assume different graphical formats
and can be bound to different data, automatically adapt-
ing to personal preferences, knowledge, and contexts. We
applied our infrastructure to a set of federated Learning
Management Systems, retrieving information from differ-
ent sources and creating some indicators of the learning
activity. The software we developed provides learners with
adaptive indicators of the learning state, and allows in-
structors to monitor the progress of their learners.

Keywords— TEL, HCI, Adaptive Presentations, Data
Mashup.

1 Introduction
One of the problematic aspects of Technology En-

hanced Learning (TEL) is the lack of contextual informa-
tion to support online learners [1]. Even if nowadays we
are quite used to fulfill many tasks without direct support,
or feedback from others

(such as work, search for information, or play), this
could be a problem in the context of TEL [2].

As reported in literature [3], one of the key issues to
solve for making TEL an effective instrument for didac-
tics is the low level of engagement perceived by users with
the online learning experience. This is particularly impor-
tant in the context of Life Long Learning (LLL), in which

the online learning is becoming more and more prevalent.
One of the most important sources of information to pro-
vide feedback to students is the student model, created by
some learning environments to keep track of the learner’s
knowledge and skills acquired during the learning process.
In particular, adaptive learning systems maintain a student
model to allow the system to perform some adaptation
based on the knowledge acquired by the learner during the
process. In order to increase the level of engagement of
learners and stimulating the perception of user about his
current status, a possible solution is to allow the students
to inspect their user model, in order to encourage reflection
as learning [4]. Student models are usually made available
to learners in form of visual representations. In the LLL
context, quite rarely all the user information is collected
into a single tool, but often they are stored in a number of
platforms used for different purposes. Very often compa-
nies and schools make use of different learning environ-
ments for some reasons (such as different LMS maintained
by different suppliers of courses, intranet websites, cus-
tom application). For this reason, there is a need to ag-
gregate data from different tools (student models, intranet
data, LMS data, ...) and provide an uniform way to present
this data to the interested users, preferably in visual for-
mat [5]. On the other side, the online user is exposed to an
overabundance of data, that requires special capability to
deal with [6]. Learners are being confronted with the con-
sequent information overload problem, that becomes a real
problem when it distracts from the learning activity and
makes the learner confused about relevant information.

The adaptation can help in creating more comprehensi-
ble and usable indicators. For example, the adaptive dash-
boards used in the field of Business Intelligence [7]; in
these applications, adaptation is used to build smart indi-
cators to be placed in the dashboard and minimize the cog-
nitive overload.



Figure 1: The adaptive architecture: the adaptation is produced in the two upper phases based on XML contextual rules
driven by conditions on data already calculated.

2 The Infrastructure
Providing modalities for opening the profile to the user

inspection is important in the domain of LLL: the presen-
tation of indicators of the learning process is widely ac-
cepted as one of the key point to improve participation and
increase the satisfaction of participants [9]. GVIS is an in-
frastructure we are developing, able to extract data from
different sources and enable instructional designers to eas-
ily create adaptive indicators of the learning state for learn-
ers and tutors.

Although many Learning Management Systems already
provide the possibility to explore the user tracking data, in
some cases the visual presentation of the information is not
well suited to the human perceptive system. In other cases,
the presentation of data is limited to a subset of data or is
predefined by developers and fixed. We want to provide
an easy way to create effective graphical presentation of
arbitrary data from different sources.

We propose a three-tier architecture composed by a data
extractor, an aggregator of data, and a builder (see Fig. 1).
All the levels rely on a configuration file that the admin-
istrator can change or expand in order to create graphical
indicators of one or more interesting characteristics of the
user profile, in form of widgets. An important aspect of
this infrastructure is the possibility to connect to any data
source with different connection types (databases, Web ser-
vices, connection bus, ...), only by writing a small piece of
adapter code. In the following subsections a description
of modules is presented, with a particular attention to the

adaptation capability provided.
2.1 The Extractor

The extractor is the lower level and is in charge of re-
trieving data from the sources. This piece of software is in
charge of making a syntactical and semantic translation of
data received from a particular source to the internal for-
mat. To achieve this objective it relies on small amount of
code that describes the data structure used by a particular
source.
2.2 The Aggregator

The aggregator is in charge of filtering the raw data col-
lected by the extractor and to apply some operations to
create aggregated information. This aggregation of data
is based on the didactical model that the teacher or instruc-
tional designer will provide, represents the most useful in-
formation for learner, and is strictly related to the peda-
gogical approach provided in the learning experience. The
use of models (based on XML syntax) provides a formal
way for designing the expected behavior of the aggregator
module.
2.3 The Builder

The Visualization module is the part that produces the
actual visualization. It is divided in two components: the
initial container, called dashboard, and the actual contents,
represented by some graphical widgets that map the infor-
mation into the final indicator graphical form. The con-
figuration of the dashboard can be personalized based on
some parameters set at a system level.



Figure 2: The four widgets providing the kind of adaptations presented in this paper

2.4 Adaptivity

In the current implementation, the two upper layers (ag-
gregator and builder) can be enhanced with adaptive fea-
tures. The adaptivity is modeled in the configuration files
through a simple XML schema. This schema supports the
conditional construct IF: this allows the GVIZ visualiza-
tion to have a different behavior with different properties.
The properties can be any combination of source data val-
ues, on which a set of mathematical and logical operators
can be applied. For instance, we can decide that a par-
ticular widget may show a comparison of the knowledge
level of a student with the class, only if his current knowl-
edge level is greater than a threshold value. Or we may
want to show a particular widget only to the instructor of
the course, not to the students. This is implemented by in-
cluding conditional instructions in the XML configuration
files of the aggregator and builder. To this end, the configu-
ration files may contain variables, logical and arithmetical
operators: we have implemented the common comparison
operators (more than, less than, equal and different) and the
logical operators AND, OR, XOR(exclusive or), NOT. The
structure is composed of four main tags: OP contains the

expression to be evaluated, OPERANDS contains the def-
inition of every variable considered, TRUE is the branch
that will be executed in case the value of the expression
is true and FALSE branch otherwise. It is also possible
to nest a new conditional tree inside one of the branches.
The following example represents a condition that evalu-
ates whether the list of concepts in course X is not empty
and either the average knowledge of concept A is greater
than 3 and there are no students subscribed to the course:

<cond>
<op>(v1 AND ((A &gt; 3) OR !(z)))</op>
<operands>
<val id="v1">CourseX.Concepts.list</val>
<val id="z">CourseX.Student.count</val>
<val id="A">ConceptA.mean.knowledge</val>
</operands>
<true>...</true>
<false>...</false>

</cond>

In the conditional expression we can put every variable of
the user model, but also variables that represent user pref-
erences and user device configurations.



3 A first application in TEL
We applied the software to data from different LMSes

used in a controlled environment to support a LLL project.
The following examples will show some possibilities of
adaptive configuration. The adaptive behavior can be per-
formed by the aggregator and the builder, and is driven by
course data and/or user data. This data is collected by the
extractor, or can be explicitly declared by the learner.

The first example, based on user data, (see Fig. 2.1),
adapts at the aggregation level the number of concepts to
display, in order to switch between a compact (image on
the left) or detailed view (image on the right), depending
on the number of concepts visited by the learner. The same
for Fig. 2.2, where two views of the same information are
presented: in the left part the difference between expected
and achieved students’ knowledge level is mapped into the
length of bars, where in the right part their absolute values
are presented with distinct bars. In Fig. 2.3, another ex-
ample (based on course data) is presented, with adaptation
condition included in the building layer. To optimize the
readability of the widget, it shows the same information
(that is concepts and their matching knowledge levels) in
two different formats: a pie chart or a bar chart, depend-
ing on the number of concepts. In the last widget a builder
adaptation to the type of user connection or declared hard-
ware is provided, with a textual list well suited from mo-
bile and handheld based platform or a graphical widget for
larger displays and broadband access (see Fig. 2.4).

3.1 Expected impact
As showed by the literature, opening partially the user

model to learners inspection is able to increase their trust-
ing in the creation procedure and to leverage their spon-
taneous participation for the method calibration [4]. We
expect, through the GVIS architecture to offer this func-
tionality, mixing it with the possibility to write adaptive
rules, in order to stress the process of adaptation, based on
the didactic model used for the development of the course.
As final output, we expect to offer an enhancement of the
learner model [10], able to support all the exposed benefit,
but reducing the cognitive overload that this new kind of
information may create on users. A first evaluation, based
on a questionnaire, was completed in a test case and the
learners’ feedbacks demonstrated that our tool could be
potentially useful, even if some minor remarks about the
actual implementation. In the next phases we are planning
more structured evaluations, both in term of methodologies
applied and of aspects investigated.

4 Conclusions
Our tool allows to aggregate information coming from

different sources and to create adaptive graphical presen-
tations of these data in order to support the visual human

system [11]. In the context of Life Long Learning the pre-
sentation of these contextual information to the learners
and to the teacher or tutors assumes a relevant importance
in order to support better awareness of the learning situa-
tion and to promote participation [12]. The possibility to
include adaptation in the generation of the widgets could
help avoiding the informative overloading, that is a criti-
cal aspect in the learning context. The encoding of this
information in graphical format is also important in order
to make it useful for the learning process [9]. Some open
issues still remain, such as providing a set of adaptation
templates to be reused, and the availability of an editor for
the configurations, in order to support the instructional de-
signers’ work. Also, some procedure for filtering and re-
ordering the data through easy visual interfaces seems to
be a future possible real enhancement. Last, but not least,
we consider important to provide an evaluation of the im-
pact of this approach on learning, both from the point of
view of self-reflection and awareness, and of instructional
effectiveness.
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