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Abstract

E-learning platforms used in Higher Education Institutions store valuable information that can be
analysed. Data mining is a multidisciplinary technique that integrates computer science, education,
and statistics, and that could serve to interpret results and predict academic performance through the
virtualized subjects.

Objective: To identify the use of the interactive platform based on Moodle LMS (Learning Management
System) in the Occupational Health compulsory subject in the curriculum of the podiatry degree and
its relationship with academic success from 2017 to 2019 courses.

Materials and methods: Logs (files of the interactions between a system and the students in the virtual
system) for analyzing a variety of information from different activities carried out through the virtual
campus on a Moodle platform were extracted, depurated and prepared for analysis. Finally, 33,776
(13,818 in 2017 and 19,958 in 2018) logs were used to perform the statistical analysis using the
RStudio program and the SPSS v.22 software. A descriptive analysis, Pearson correlations and
continuous variable decision trees diagrams were performed to determine the use of the Moodle
classroom activities and resources and their relationship with academic results obtained in this
subject.

Results: 62 students enrolled in the academic course 2017-18 and 59 in the 2018-19 were studied. In
the academic course of 2017-18, 62.9% were women, and mean and SD of academic results was
7.5+1.09. In 2018-19 academic course, 76.3% were women, and the mean results was 7.2+1.06. The
highest peak of activity registered on the virtual subject was 200 visits in each academic course, with
differences by months in relation to the distribution of tasks. The highest activity recorded was on
Tuesdays and Sundays, in both years, but with more activity in the 2018-19 academic year. Lessons
were the most used tools in both courses (40.3% in 2017 vs 46.2% in 2018) followed by the
participation in forums (32.7% in 2017 vs 12.8% in 2018). Participation in the forums was 100% vs
93.1% and URLs entries 71.43% vs 87.93%; comparing both academic courses. In 2018, 3 new tools
were introduced with high participation: Self-assessment Test 96.55%, glossary 87.93% and a wiki
activity with a 48.28% of participation. Tools that significantly correlated with better test scores in year
2017 was the participation in the forums (p=0.016), while in 2018 test scores were significant
correlated with the participation in the tasks (p=0.041) and self-assessment tests (p=0.044) carried out
on the virtual classroom. Tree-like graphs identified two clusters of students related with forums and
URLs entries, in the virtual classroom.

Conclusion: This study reveals the importance of identifying and selecting tools with the capacity to
improve and stimulate active and significant learning.

Keywords: Higher education, Moodle platform, e-learning, student performances, Occupational health,
learning analytics.

1 INTRODUCTION

The incorporation of virtual educational models allows adapting the teaching environment for
improving the student's learning and therefore the academic performance [1]. Some researches on
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learning process have shown that different students prefer and learn according to different types of
resources, which should be integrated in the respectively subjects, for that it is important to build
models for adapting the learning space to different student’s needs [2]. Online learning platforms are a
technology framework used to create online courses that usually allow to register, monitor and
evaluate activities and manage contents, as well as to exchange information among dispersed
students through synchronous and asynchronous communication, and are currently very used in
Higher Education Institutions [3]. Moodle (Dynamic learning environment oriented to modular objects)
is the Open Source Learning Management System (LMS) that has been selected by the Complutense
University of Madrid (Spain) for supporting the teaching and learning process as it favors contact
between teachers and students and helps to create interactive learning environments that generate
knowledge effectively [1,4]. These e-learning platforms store huge amounts of data that can be
analyzed for getting value information [5]. Data mining is a multidisciplinary technique that integrates
computer science, education and statistics, and that could serve to interpret results and to predict
academic performance through the virtualized subjects [6]. Participant’s tracking data in the virtual
space (VS) can be extracted applying this technology. Moodle has very wide options with different
access possibilities, modular structure, and advanced backup tools [5]. Once extracted and properly
debugged and processed, data can be analyzed in order to be converted into the useful information
that allows recognizing patterns in students’ performance [7,8].

In this article, we present a study was conducted in two academic courses, 2017-18 and 2018-19 in
the school of Podiatry at the Complutense University of Madrid. We describe the students’ interactions
with the available resources and different tasks in the VS of Occupational Health. Also, we analyze the
relationships between the actions and activities carried out by the students within this online learning
process and their academic performance.

2 METHODOLOGY

Occupational health is a compulsory subject in the curriculum of the podiatry degree in the
Complutense University of Madrid. It is taught in the first quarter of the fourth academic year and its
content focuses on the prevention of occupational hazards. It presents a workload of six European
Credit Transfer System (ECTS) distributed in attending classrooms, taught 3 days a week, and some
activities organized in four seminars throughout the semester. Classes are scheduled in the morning.
Classroom activities are complemented with online activities through the Moodle platform. Moodle
platform provides a complementary set of tools to support teaching and to improve learning process
through resources, modules and activities to facilitate interaction among students and between
students and teachers.

The subject’s VS contained different resources and tasks created and uploaded by the teachers: word
and PDF files, PowerPoint files summarizing the lessons and a wiki, a glossary of terms and a quiz for
self-evaluation. Also, some Moodle modules to provide interactions such as chats and forums were
available. Finally, the teachers included several complementary educational materials, such as image,
videos and audio files, links to blogs and educational pages, as well as articles and supporting books.
All these resources were available throughout the semester.

In the 2017-18 course, the scheduled activities in the VS were the presentation of a group work and
the participation in two forums, while in the 2018-19 course, a glossary, a wiki and a quiz for self-
evaluation were added. The deadlines were 1 month for each task.

The final mark was obtained as the addition of the continuous virtual activities such as teamwork tasks
(10%) and participation in forums (10%), and the classroom final exam grade (80%).

Data stored in Moodle platform were extracted as logs or files of the participants’ interactions carried
out in the VS. They were debugged, anonymized and prepared for analysis with the R program, a free
software environment for statistical computing, graphics and RStudio, an integrated development
environment for R.

The variables chosen to be analyzed were: the total number of logins in the virtualized course, the
average flows of log-in frequency by the hour of the day, according to the days of the week and for the
months of the semester, as well as the average of visits to the different resources and tasks. These
data were compared with the data of the global activity of the Moodle platform in the community of the
Complutense University of Madrid, obtained from Google Analytics (unpublished data).
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A descriptive analysis of continuous variables was presented as means and SD or median. Mann-
Whitney U test was used as a non-parametric test to compare the variables and to evaluate
differences between groups. For qualitative parameters, absolute and relative frequencies were
presented. Spearman’s rho was used to evaluate the correlation between non-parametric variables.
Decision tree recursive with the minimization of variance (CRT) cut/cutting criterion was performed to
predict the students’ academic performance using the Moodle classroom activities and resources.
Decision trees are hierarchical and graphical representations of interactions between variables. A
decision tree was constructed by recursive partitioning —starting from the root node (known as the
first parent); each node can be split into left and right child nodes. These nodes can then be further
split and they themselves become parent nodes of their resulting children nodes. This splitting
process/method starts by considering each feature in data set [7]. The CRT growing method attempts
to maximize within-node homogeneity. CRT splits the data into segments that are as homogeneous as
possible with respect to the dependent variable. A terminal node in which all cases have the same
value for the dependent variable is a homogenous node that requires no further splitting because it is
"pure” [9]. R Analytics (or R programming language), and SPSS Statistics V22 software (SPSS Inc.,
Chicago, IL, USA) were used for data analysis. P-value <0.05 was considered statistically significant.

3 RESULTS

During the 2017-18 academic course, 62 students were enrolled in the subject, 62.99% of which were
women. In 2018-19, 59 students were enrolled, being women 76.3% of them.

For the analysis, the number of the logs extracted from Moodle amounted to 33,776 (13,818 in 2017-
18 and 19,958 in 2018-19). All the students participated in the VS of the subject and used different
resources such as lessons, forums and other activities. Regarding to the distribution of total entries in
Moodle tools, the most entries were for accessing the PowerPoint slides of the lessons, in both
courses (40.3% of the students in 2017-18 vs 46.2% in 2018-19). Comparing participation in 2017-18
vs 2018-19, we found that participation in forums was 32.7% vs 12.8%, and URLs entries were
71.43% vs 87.93%. In 2018-19, 3 new tasks were added, a self-assessment test, a glossary and a
wiki, each of them getting high participations: 96.55%, 87.93% and 48.28%, respectively.

In both courses, the maximum number of visits reached in the VS was 200, which is a value much
higher than the UCM average, as is shown in Fig 1. This peak mainly coincided with the date of the
exam. Differences in access according to the months were probably due to the distribution and dates
of delivery of the tasks, given that access peaks observed during the months of October, November
and December in 2018-19 course may be related to the due dates of the new tasks, such as the
glossary, the quiz and the wiki (Fig. 1).

Occupational Health 2017/18 Occupational Health 2018/19
‘ 200 T I
200 " 0
2 150 H
150 g §
100 § W ;
& 1 gl :
0 T T T ‘ T 0 T 4 T 1
Sep Oct Nov Dec Jan Sep Oct Nov Dec Jan

Figure 1. Number of entries to the VS per month. Green lines represent UCM average. Maximum peak (red
dashed lines) was observed in January, before the exam’ date, in both academic courses.

Analyzing the number of online accesses by the days of the week in both academic courses, we
observed that, in general, there was a higher activity in the 2018-19 academic course. In this course,
the profile of the highest activity was registered on Tuesdays and Sundays, while in 2017-18 it was on
Tuesdays and Thursdays (Fig. 2A). Activity on the VS also varied along the hours of the day, as is
clearly shown in Fig. 2B and 2C. These variations, according to the days of the week and the hours of
the day, seemed to match with the schedule of classroom lessons and of other potential school
activities.
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Figure 2. A: Frequency of online access by the days of the week in both courses. B and C: Maps of online
activity by the time of the day and weekday in 2017-18 and 2018/19 courses, respectively.

In the subject of Occupational Health, there was one ordinary examination call and one retake exam
per academic course. The multiple-choice questions exam scores represented 80% of the final grade,
and the remaining 20% was obtained through the continuous work done in the VS. In the 2017-18
academic course, almost 60% passed the ordinary exam. The final average grade was of 7.5 (SD =
1.09; min 0, max 10), while in the 2018-19 course, final average grade was 7.27 (SD = 1.06; min 0,
max 10) and 55% of the students passed the ordinary exam. Fig. 3 shows the outcomes in the
multiple-choice test in the two academic courses as percentages of passed, failed and absent
students.

2017/18 2018/19
60 —
SO0 —
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o
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Figure 3. Scores of the ordinary exam call in 2017-18 and 2018-19 courses (48% vs 53% passed).

Comparing the use of the different tools available in the VS in both academic courses, only statistically
significant differences were observed in the participation in the forums (Fig. 4A), which was
significantly higher in the 2017-18 course (p<0.001, MWW), and in the use of URLs (Fig. 4B), that was
significantly higher in the 2018-19 course (p=0.03, MWW).
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Figure 4. Statistically significant differences in the participation in forums (A) and in the number of URLs
visits (B) in both academic years [Non-parametric Mann—Whitney U test (MWW)].

When performing a Spearman's correlation analysis between the final grades and the recorded activity
in the subject’'s VS, there were no significant correlations with the use of resources/URLs nor with the
participations in quiz, wiki, glossary (p>0.05). In the 2017-18 course, only the use of the forums
correlated significantly with the multiple-choice test score (Spearman Rho (p), p = 0.304; p-value =
0.016), while in the 2018-19 course two statistically significant correlations were found: between the
multiple-choice test score and the number of visits to the VS (p = 0.275; p-value = 0.04) and the
participation in tasks (p = 0.310; p-value = 0.02).

Decision trees that best classify students according to the multiple-choice exam score (dependent
variable) and the use of the VS were shown in Fig. 5. In the 2017-18 course, the independent
variables introduced in the decision tree cut/cutting method were three, namely, visits, resources, and
forums, showing a quality (weighted terminal node variance) of 0.672 (SD = 0.105; Method of Growth:
CRT). The decision tree obtained showed three groups: those with a low participation in forums (<14)
had a mean score of 4.86 (SD = 1.11), those with a medium participation (<41) a mean of 5.56 (SD =
0.84) and those with a high participation (>40) a mean of 6.088 (SD = 0.63). In the 2018-2019 course,
the independent variables introduced in the model were visits, resources, forums, quiz, glossary and
wiki, showing a quality of 0.575 (SD = 0.106; Method of Growth: CRT). This time, only a participation in
forums greater than 11 entries, increased scores up to 5.76 (SD = 0.8). In the group of students with a
low participation in forums (<12) the number of visits was related to scores: students with lower number
of visits (<35) had a mean score of 4.72 (SD = 0.55), and those with higher number of visits (>36) had a
mean score of 5.32 (SD = 0.71).

In the Fig. 5, the blue/red text represents a condition/internal node, based on which the tree splits into
branches. The split with the best score (or highest score) was selected. In both courses, the variable
that best classified students to better grade exams of the subject was forums.
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Figure 5. Decision tree for predicting continuous values of the students’ marks and VS activities in the
Occupational Health subject in the two academic years, 2017-18 (left) and 2018-19 (right)
(Growing method: CRT).

4 DISCUSSION AND CONCLUSIONS

Research on virtual learning environments demands that both teachers and students deepen in the
use and updating of online resources as well in the designed activities to improve students’ learning.
Virtual learning, with this Moodle educational technology, depends largely on the self-motivation of the
student, as an undoubtedly necessary factor, to actively participate in their learning process and to
achieve good results [10]. For all that, it is very important to upgrade interactive tools, so that teachers
can design a clear framework and can stimulating the distance learning through the Moodle platform,
otherwise, the VS would not positively influence the learning process of the students.

In this article, we presented an overview of the students’ behaviour in the VS created for the
Occupational Health, a compulsory subject in the degree of Podiatry. We analysed their interactions
with the resources and activities offered and their possible correspondence with the academic
performance.

Through the tools incorporated in the Moodle platform, the most widely used platform in open source
learning management system in higher education, we analysed a set of activities such as homework
delivery, forums, questionnaires, wikis, glossaries, URLs as well as the connection time to the VS.
Students enrolled in the subject of Occupational Health were able to access all academic materials
and work in practical activities, as well as using links to multimedia contents intended to help them to
improve learning and complete their training. Furthermore, students could find all the information
regarding their exam’s dates, course grades, learning support bibliography, academic grades, and all
the complementary information such as news, cultural events, instant notifications of messages,
images, audio, video and other files, throughout the school semester. Our results showed that there
was not a high variability in the students’ behaviour on the VS. While lessons and seminars were the
most common framework of the teaching-learning process in the traditional educational structure, in
the e-learning and b-learning modalities, students should be able to maintain their own learning pace
and to adapt the work according to their available time. Also teachers should be able to better adjust
the works to the levels of knowledge of each student, improving the interaction between teachers and
students, as well as with the didactic contents [11].

The analysis of the students’ behavior revealed that the main use of the VS was to download materials
such as text and slide files. Participation was good in those tasks that provided points for the final
exam, such as the forums. On the contrary, low participation was found in relation to non-qualifying
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tasks. This seems to support the idea that our students used the VS primarily as a repository of study
materials and information and that they focused on tasks that provided bonus points to the final grade.

In the academic year 2018-19, we introduced new tools such as a glossary, a quiz and a wiki. Quiz
had the greatest participation (96.5%), followed by the creation of a glossary of terms (87.93%) related
to occupational health. However less than 50% of the students worked on the wiki. Although the wikis
have a great potentially value in the collaborative teaching-learning procedure, enhancing
collaborative creativity, probably one handicap could had been the fact of being a resource rarely used
for teaching or maybe the low participation could be due to the students' lack of motivation because of
the time consuming in creating and developing the wiki. In our experience, students usually do not
participate much in the activities if there is no grading "retribution” for that participation, as it was our
case. Our study allowed us to realize that the students were not very trained in how to use wikis. In
addition, we also noted that was difficult to rate their activity on wiki, coinciding with what other authors
have already published [12,13].

Although we did not find significantly relationships between the final grades and resources, URLs,
quiz, glossary and wiki, three statistically significant correlations at a level 5% were revealed: to the
use of forums in the 2017-18 course, and to the number of visits to the VS and to the participation in
tasks in the 2018-19 course. Results showed that students were highly trained in discussion forums
use, given that they are good tools for developing the ability to think, and in our study, their
participation and debate in the forum contributed up to 10% to their final grade. It is also worth noting
that the number of posts and discussions in the forums were substantially larger with respect to the
debates in class, so that forums in VS were perceived as useful and they improved effectively foster
students’ questioning and reason abilities.

Tree-like graphs identified three clusters of students related with participation in VS forums in 2017-18.
In 2018-19, three clusters of students related firstly with participation in forums and secondly with the
total number of entries in the VS. Through the decision trees, one tool among all the Moodle tools
studied emerges as one that best classified our students to obtain the best academic performance in
both academic courses: the participation in the forums.

Although designing this Occupational Health subject in a Moodle platform and creating resources and
materials had required enormous demands from teachers, our findings suggested that material and
activities may have a direct positive impact on the outcomes of the students’ learning, agreeing with
others authors [14,15]. We detected some weaknesses in the use of some Moodle tools that will be
important to improve to better adapt teaching-learning process to a new Information and
Communication Technologies (ICT) models in education. Furthermore, we should be able to identify
undergraduate students who are less trained with some ICT tools, what would entail some future
disadvantages in the era of knowledge society, like preventing the acquisition bibliographic searching
skills, worse ability to analyze and discuss the scientific production, as well as a poor critical ability to
face the new technological changes. All of these abilities are currently very necessary for full
participation in the digital society of the future and changing jobs, aspects that are becoming an
important consideration for curricular frameworks [16-18].

In the future, we would like to further research the use of different Moodle activities and the students’
preferences, in order to manage and improve their academic performance in the e-learning process. In
this sense, data mining analysis for students' tracking within Moodle platform, could provide a
collection of technical information with a textual representation of the activity within the subject,
besides its pedagogical deeply meaning.
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