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Eiﬂt"fs?ifiz't';or information is This paper attempts to describe the conditions related to the representation of 63

available at the end of the article navigational paths carried out on Moodle’s platform. The hypothesis that we advance is
that learning styles determine the mode in which users browse through websites. The
post-observational notes and the analysis of logs (register of users’ activity) indicate two
main facts: on the one hand, the elaboration of a tool that is able to convert log files
into graphs that could be visualized as courses of educational browsing. On the other
hand, the confirmation of the relation between ways of learning and styles of
browsing, giving rise to a method that anticipates choices made by users on
the digital platform.

There has been stated that assimilative and convergent learning students solve
the assigned task consulting, preferably, the content modules on communicative
interaction. For their part, accommodating learning students follow precise instructions
and rely on his peers’ activity. Finally, divergent learning students tend to prefer
collaborative activities and they also help each other.

The practical application of the results aims at the usefulness of the findings in university
education context, which can be used in the elaboration of quality assessments and the
identification of the needs of educational mediation.
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Introduction

The concept of Browsing in computerized educational contexts is frequently presented
in general terms. A considerable amount of expressions enunciate figures as a “journey
through a computerized labeled setting” or “continuum of decisions and action”
(Amadieu and Tricot, 2006: 12). Nevertheless, the notion of a journey related to a
digital and pedagogical navigation implies the distinction between the functions and
the components of that journey.

We define navigation Web as an activity that involves an intentioned pedagogical
journey through a semiotic and cognitive space, by means of the completion of a task.
This notion points out to, on the one hand, the mouse-clicking that allows to connect
to the computer interface, and on the other hand, to the footprint that this action
produces. A footprint that is part of a flow and that also expresses an educational
intentionality, starting in the process of planning the course, and performed by the
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same students. In this sense, we define as navigational path to the pedagogical event
(Tchounikine, 2009) in which students choose a determined strategy in order to carry

out the task.

Development

Learning styles

The theory on learning styles emerges as a continuation of studies related to cognitive
styles focusing on individual differences at a global level and also in a laboratory con-
text. Among the various definitions associated to learning styles, Keefe (1988) points
out that learning styles are cognitive, psychological and affective footprints. Honey and
Mumford (1992) define learning styles as a description of attitudes and behaviors that
determine students’ learning preferences.

The Learning Style Inventory (Kolb and Kolb, 2005a, b) determines learning styles
according to predominant or key factors: CE (concrete experience), RO (reflective
observation), AC (abstract conceptualization), and AE (Active experimentation). These
different factors are related to different approaches to learning: Diverging, Assimilating
and Accommodating.

Elements involved in digital navigation

The notion of digital website demands the distinction of its components in detail. In
the first place, websites contain modules which are the resources proposed in order to
mediate in the students’ task accomplishment. In the second place, it is necessary to
distinguish the participants and their activity, giving place to the navigational paths
that those actors go through when browsing through the website. Equally import-
ant is to determine in advance the possibilities of browsing students could go
through (Fig. 1).

Representation of digital navigational paths

The visual representation of the digital navigational paths or roads is carried out
through the digital footprints taken from users’ logs (register of users’ activity on web-
sites) and graphs’ instrumentation. The modelling phase converts Moodle modules into
nodes and the transition of those nodes into arcs, displaying the required task by means
of arrows that indicates the completion of the task and the directions followed by the
user. In the case illustrated above, the node corresponds to a given functionality, and as
a whole, accounts for the use of the resources proposed, while the arc shows connec-
tions between modules. The different functionalities are grouped into 12 modules,
which are expanded in order to account for a higher use frequency. Likewise, the arcs
are widened in order to give account for a higher number of connections.

Figure 2 shows a route translation program that allows for the reading of graphs and,
consequently, it interpretation. This instrument should be created because the existing
programs —cartographic database (DB) or geographical representation tools- could not
be adapted to the case of investigation, which includes the space that will be mapped as
the human behavior in that specific space. The graph depicted in Fig. 2 shows the
navigational paths that 3 students went across. Modules are illustrated by means of
different colors, being the red spots the places that students visited the most.



Meza-Fernandez and Sepulveda-Sariego International Journal of Educational Technology in Higher Education (2017) 14:14

Web Site
er;" - : N ) o
1 ! ]
1 1 d
A f
\ I
R ey

Educational structure

" Traces
http://mapofscience.com

Fig. 1 Components of digital navigation. Source: Meza, 2014
A

===) Features and contents

@==) Territory and roads

emmmm) Actors and surfing

Methodology

The population is 63 university students of 5 courses, 16% Spanish speakers and 84%
French speakers. We have selected 5 choices per student, between the 2nd and the 6th
click. The sample corresponds to the ones who selected the course view module by

doing the 2nd click on the mouse. They were 31 out of 63 cases.

The analysis of the data shows the navigational paths that students went through at
the very starting point of the task (particularly irrelevant given no comparative
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Fig. 2 Graphic display of digital routes from 3 students, on software Gephi Software Gephi:
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research). In order to accomplish this, results from previous work were partially utilized
(Meza, 2012):

1) The definition of 4 students’ profiles according to a task classification.

2) The definition of a navigation variable: the referential navigational paths’

3) The definition of navigation modes according to the intersection between four tasks
and four users’ learning styles.

The diagram (Fig. 3) used to illustrate this is an adaption from the Learning Style
Inventory LSI (Kolb and Kolb, 2005a), which integrates four views that are in connec-
tion with Moodle modules. There are two groups of tasks classified according to their
global or local characteristics. On the one hand, global tasks are classified according to
students’ reception regarding administrative and familiarization tasks related to the
website (Course view, User, Data view, Download and Data add); and on the other
hand, local tasks are associated to the course’s main theme by means of pedagogical
modules (Glossary, Blog, Forum, Resource, Glossary add, Forum add, and Wiki edit).

Reception modules (Fig. 3):

1. Global reception - panoramic view: Course view, User and Data view modules (M1,
M2 and M6 respectively).

2. Local reception - reading function: Glossary view, Blog view, Forum view and Resource
modules (M3, M4, M5 and M8 respectively).

Production Modules:

3. Global production - peripheral view: Download and Data add modules (M7 and M9
respectively).

4. Local production - writing function: Glossary add, Forum add and Wiki edit
modules (M10, M11 and M12 respectively).

We are using the components to represent the route of student “X” in the course “F”.
This effective browsing is compared with the expert route of the course given by the
class teacher. This expert route complies with the shortest most efficient way to accom-
plish the prescribed learning task.

RECEPTION
M1 M3
M2 T1 T2 M4
M6 Panoramic view Reading function M5
M8
GLOBAL LOCAL
M7 T3 T4 M10
M9 Peripheral view Writing function Mi1
M12
PRODUCTION
Fig. 3 Diagram that represents navigational tasks (adapted from ILS Test, Kolb and Kolb, 2005a)
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Expert browsing:

— Start: from M1 (exploration of the page) to M8 (resources).
— Step/click 1-2: from M8 (resources) to M5 (forum).
— Step/click 2-3: from M5 (forum) to M11 (writing in the text editor).

In other words, we compare two browsing, the expert one and the novice (inexperi-
enced) one (Fig. 4).

Analysis

Assimilative learning style

The navigational paths of 11 students reveal a preferential activity on Reception
modules. On the contrary, modules as Glossary and Blog tend to be less preferred. In
the case of the Production modules section, there is not much activity registered. This
evidence indicates that this type of students preferred the Production modules’ activ-
ities. This fact points out that assimilative learning student activities were focused on
reception and the global factor.

The activity registered by assimilative students is the most dynamic among the four
learning styles. This shows their interest in activities related to AC (Abstract
conceptualization) and RO (Reflective observation). This fact is observed likewise in
the choice of Resource module, at the second click made by half of the group. Never-
theless, assimilative students do not lack of pragmatism; they also have chosen modules
such as Forum and Data view, choices that tell us something about other students’
activities. In this sense, 9 students checked the instructions of the task at the 3rd click;
fact that shows their commitment to carry out the task. The only problem was that half
of the group did not understand the instructions, due that they clicked again on the
instructions sections at the 5th click.

In general, assimilative students prefer functions that contain information about the topic
or the task to develop such as Resource module, particularly consulted at the 4th click.

Course Module2 | Module3 | Module4 | Module5 | Module6 Module 8 Module10 [ Module1l | Module12
view User view Glossary Wikiview, Forumview | Data view Ressource Glossary Forumadd | Wikiedit
view Blog view view add post

2 1

— 2

Fig. 4 Diagram Real browsing of Student “X" (Colours represent the different days)
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Accommodative learning style

The set of navigational paths from 5 students shows an advanced activity on the Recep-
tion modules; Forum and Resource, as the Course view option tend to be clearly
preferred. On the contrary, there is no activity registered on the Production modules.
This fact indicates that students from this group tend to prefer equally local and global
reception-activities. Accommodative learning students’ preferences rely mainly on the
interconnected functions Forum and Course view. Those activities are classified under
the domain of CE (concrete experience) and AE (active experimentation) factors.
Considering their ability to adapt to specific circumstances, the concrete prescribed
tasks could have facilitated the development of those tasks on the website. Neverthe-
less, the tendency to solve problems intuitively is not reflected on the students’ choices
(Blog and Forum), who rely more on information provided by other students than on
their analytic aptitude.

Convergent learning style

The set of navigational paths from 5 students shows a preference-although not exclu-
sive- towards the Reception modules. Nevertheless, modules such as User, Blog and
Forum show little activity. The activity registered on the production modules is not
significant, yet this illustrates an interesting point: the activities on the production
modules are related to productive functions. It is possible to interpret that the work
registered by Convergent learning students is focused mainly on receptive activities,
although equally on global and local factors.

Convergent learning students’ activity is equally distributed on Production and
Reception modules. According to their dominant aptitudes on AC (abstract
conceptualization) and AE (active experimentation), these students tend to prefer the
Resource module. Their knowledge is organized according to specific tasks, without
being interested on others’ activity or relying on others’ help. Indeed, it is possible to
observe that these students almost never clicked on communication modules such as
Blog or Forum. Furthermore, this was the only group of students that never clicked on
the User module.

Divergent learning style

The set of navigational paths retrieved from the activities of 10 students shows a prefer-
ence towards the Reception modules; there is a high level of activity registered on
Resource and Course view modules and less activity registered on User, Glossary y Data
view. Notwithstanding this, this group of students selected all modules.

The activity registered on Production Modules is less but more diverse and signifi-
cant than in the other groups. Divergent learning students were the only ones that
clicked on Glossary add and Forum add options. This fact shows that the activity of the
group is mainly focused on reception and global factors.

The activity carried out by divergent learning students is the most dynamic among
the four learning styles. According to their characteristics, it is possible to distinguish
two features: 1) Students from this group perceive concrete situations adopting various
perspectives, being more attracted to situations that involve OR factors. These students
explore all the modules, except for the Download and Writing sections. 2) Students
from this group are interested in the activity registered from other students, as can be
shown in the checkup of what other students upload, Data view, and the instructions
displayed on the Course view module.
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Discussion

Digital learning systems have been rapidly adopted due to their flexibility, which
encourages the construction of individual learning achievement strategies (Wang et al.,
2000). Nevertheless, the question concerning the efficacy of the systems described
above requires a close examination of the relation between the students’ navigational
paths and the learning results. The investigations conducted on this ground show that
the holistic (panoramic navigation) and serial (thorough navigation) cognitive styles
(Lee et al., 2005), affect such behavior. Nonetheless, they do not seem to show a direct
relation to learning results.

Thus, it is necessary to lay down the theoretical foundations in order that this rela-
tion may be produced. This fact implies to make visible the navigation routes in order
to interpret them.

If we start from Jonassen and Grabowski’s ideas (1993) on cognitive styles- who point
out that people with holistic style possess a higher ability to concentrate on multiple
tasks, as compared to people with serial style who can focus on a single task- and we
add the construction of a hierarchical chart of information (oriented to people with
holistic style) and a preference for the semantic organization of contents (oriented to
people with serial style), there may be useful interpretations for the elaboration of an
information chart based on the students’ dominating learning style.

Other investigations conducted on these grounds highlight the usefulness of different
variables, such as the use of multiple learning methods, aiming to consider all individ-
ual cognitive traits (Saarikoski et al., 2001) and the dominant learning style (Alonso,
et al,, 1999). All these facts mentioned above allowed for defining the scopes taken into
consideration for the empirical design carried out. Other aspects show problems level
curriculum design, instructional methods, assessment and student guidance (Curry,
1990).

According to Baccino’s model scanpath (2004), the activity of web browsing and
navigation obeys to a sequential movement through the website’s visual space and also
to a quick overview on useful information.

Furthermore, McAlesse (Le Crosnier, 2008) propose 5 hypertext-reading strategies,
and also a classification of work functions: Skimming, scanning, investigating, explorat-
ing and wandering. The type of navigational path of beginner users is characterized as
an erratic navigation. Amateur users possess some knowledge on websites and informa-
tion technology (IT).

Based on a diagram that represents the functions and the starting module at expert
level, is that navigational paths could be described for every learning style. This model
allows for the description of navigational syntax, showing 6 possible navigational behav-
iors: academic, circular, combined, social, mimic, and strategic behaviors. (Meza, 2014).

Results

The navigational competence of assimilative learning students is related to the combin-
ation of abstraction factors, in relation to the contents of AC and RO that allows for
the completion of the task. For diverging learning students, approaches that consider
the experience and experimentation of the users could explain their competence in the
context of a digital space task. Regarding the navigational paths, assimilative as well as
converging learning students tend to prefer paths which are functional to the
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achievement of the task. Besides, both groups of students tend to be less interactive in
the context of browsing pedagogical functions. On the other hand, Accommodative
learning students tend to be more pragmatic when faced to the completion of a task;
fact that allows them to look for concrete premises and rely on information provided
by other students. On the same line with a more visible tendency, diverging learning
students spend a considerable amount of time examining other students” activity. They
spend the rest of the time recognizing the website, showing interest on all resources
and modules.

Finally, it can be pointed out that outlining profiles and behaviors facilitates its inter-
pretation, allowing for the possibility of recognizing an erratic navigation. The erratic
navigation, under the premise of a given learning objective, could be the symptom of
lack of confidence or comprehension. The answer to this problem could be fostered by
the notion of efficacy on a navigational path (Bastien and Tricot, 2008), being measur-
able and identifiable through nodes of the navigational path. This could also be useful
in the analysis of navigation rates and to reach to the comprehension of the blockades
of learning of the students of all the educational levels. All the elements stated above
allows for more precise interpretation on the behavior in virtual spaces related to
learning.

Endnotes
!Referential navigational paths correspond to the activity performed by an expert on
the subject. In this case, we consider the class teacher as the expert.
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