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Abstract

Learning Analytics (LA) aims to improve the learning process by analysing learning data, and communicating
the results of this analysis to both educators and learners. LA has been employed in a few cases for improving
PBL group work but the literature has yet to discuss in detail the incorporation and potential of LA in this
context. In this paper, we describe our approach that aims at developing a platform employing LA for
monitoring students’ learning pathways during Problem-Based Learning (PBL) group work. The platform is
developed in Moodle, and it provides a communication and information channel between project supervisors
and students, and between students belonging in the same group. Moreover, the platform provides ways for
student groups to better manage their projects, and at the same time enables project supervisors to follow
groups’ progress during the semester. The platform is also used as a place, where students hand-in
assignments that are related to their project work and report their status in the project. In this platform, we
employ various LA tools offered by Moodle in order to monitor both group and individual student activity.
Such tools provide learning data on individual student engagement and activity within the platform, generic
statistics on the use of the platform, and insights into the exchange of information in the platform. In this
paper, we present the functionality of the various modules that build up this platform, and discuss the type
of learning data generated and the methods to analyse this data. We conclude this paper with a discussion
on the benefits and the limitations of this approach.

Keywords: PBL group work, learning analytics, Moodle, educational data
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1 Introduction

In the last decades, the introduction of digital technologies (such as online learning environments, learning
management systems, social media etc.) in education has led to the generation of a variety of multimodal
learning data (Siemens & d Baker, 2012). This data is generated while educators and learners interact with
such technologies and can provide valuable insight into the learning process. However, there was limited use
and analysis of such data up to 2010, when Learning Analytics (LA) gained momentum as a research field
(Siemens & Long, 2011). LA aims at providing ways to gather and make sense of educational data in order to
improve the learning experience for learners and teachers, and better adapt courses’ design. According to
the Society for Learning Analytics Research (SoLAR), learning analytics is defined as follows:

“Learning analytics is the measurement, collection, analysis and reporting of data about learners and their
contexts, for purposes of understanding and optimising learning and the environments in which it occurs.”
(Ferguson, 2012)
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In this paper, we describe our approach that aims at developing a platform employing LA for monitoring
students’ learning pathways during Problem-Based Learning (PBL) group work, we present the functionality
of the various modules that build up this platform, and discuss the type of learning data generated and the
methods to analyse this data. The paper is organized as follows: section two refers to other approaches that
used LA for better supporting group work, section three describes the proposed platform, while section four
discusses the methods employed in a trial where this platform was employed. Section five presents the
categories of the educational data gathered on the platform, and section six discusses our plans for the
analysis of the educational data gathered, and the evaluation of the trial. We conclude this paper with a
discussion on the benefits and the limitations of this approach.

2 Background

Although group work is assumed to have positive effects on student learning, experiences from educational
practice indicate that it can also introduce problems for both students and teachers. Examples of such
challenges include students who only maintain an appearance of being actively involved, or students who let
others do the work, also called free-riders (Salomon & Globerson, 1989). Therefore, research has paid much
attention to the problem of differentiation of individual contributions in group projects (Earl, 1986; Goldfinch
& Raeside, 1990; Kommula, Oladiran, & Uziak, 2009). Later on, researchers attempted to mitigate free-rider
problems and improve students’ perceptions about group work (Brooks & Ammons, 2003; Elliott & Higgins,
2005). All these approaches were based on student assessments of the performance and contribution of their
group members and in some cases student self-assessments. With the rise of LA as a research field,
educational researchers attempted to address the challenges in group work by employing LA methods.

Tempelaar et al. (2014) proposed a LA infrastructure that combines learning dispositions data with Learning
Management System (LMS) student engagement/activity data, and data extracted from computer assisted
formative assessments. Their study ran in an introductory mathematics and statistics module combining face-
to-face PBL sessions with e-tutorials, and investigated the predictive power of learning dispositions,
outcomes of continuous formative assessments, and other LMS generated data in modelling student
performance and their potential to generate informative feedback. The results of this study showed that
computer assisted formative assessments were the best predictor for detecting underperforming students
and academic performance, while basic LMS data did not substantially predict learning.

Conde et al. (2017) developed a LA tool that enables teachers to perform teamwork competence assessment
of a group of students taking into account how the individuals acquire the essential components of such
competence. This tool uses the Comprehensive Training Model of the Teamwork Competence in Engineering
Domain (CTMTC) method to gather competence evidences, and it was used in two Bachelor courses on
Computer Science. In this comparison case study, the tool was incorporated in Moodle, where the teachers
of the two courses posed an activity that should be completed in teams applying the CTMTC methodology.
The Moodle forum was the main space for interaction, and the Moodle wiki was used by students to display
the outcomes of the activities. The work done in the wiki had to incorporate the phases described in CTMTC.
The results of this study showed that there was a significant correlation between posts/views and individual
final grades in both courses and this can be taken into account when analysing group members’ use of
educational resources and interaction that takes place in the web of data. Moreover, it was found that the
perception of teamwork competence acquisition among students has changed after the application of
CTMTC, and that teachers perceived this tool as applicable in different contexts, flexible and portable.
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Spikol et al. (2017) employed multimodal LA (MMLA) in order to understand what happens when students
are engaged in collaborative, project-based learning activities. They developed a MMLA platform, where
various streams of data are collected, and multimodal interactions are processed and extracted with the aim
to identify which features of MMLA are good predictors of collaborative problem-solving in open-ended tasks
in project-based learning. Moreover, manual entered scores of collaborative problem-solving were regressed
using machine-learning methods. In this research study, the authors found that where the students are
looking, the distance between them, the motion of their hands are key features for identifying collaboration
in small groups of engineering students. Therefore, they proved that the physical aspects of collaboration is
an important part of this type of learning and that MMLA provides new methods for providing evidence about
the impact of such learning approaches.

In this paper, we present a platform that supports PBL group work by using LA to exploit the data generated
during this kind of learning. The aim of this approach is to gain insight into student progress, group
cooperation, and supervisor-group collaboration while students engage in this kind of group work. Moreover,
the platform seeks to provide student groups with methods to manage their work (meet milestones, organize
their time, etc.) and share information within the group and with their supervisor. In the next session, we
describe the various components of this platform.

3 The Proposed Platform

The proposed LA platform is implemented in the Moodle LMS, which keeps track of user activity and provides
other LA tools for monitoring student progress. Since the platform targets group work, the students are
divided in groups. It is assumed that group forming takes place outside the platform, and that each group is
guided by a teacher, called supervisor. Each group in Moodle contains the group members and their
supervisor. The platform is separated in sections, which support different purposes and contain activities to
serve these purposes. The activities that take place within the group (or between the group and their
supervisor) are set in “Separate groups” mode in Moodle, meaning that each group sees their own version
of this activity.

The first section is a placeholder for general information regarding the group work. This section contains two
forums: one is dedicated to announcements by teachers, and the other is devoted to an open discussion
about group work. In the first forum, students do not have posting rights. This section contains also resources
(files), which teachers consider relevant to the process or the content of group work. Lastly, this section
contains an assignment activity, in order for groups to send their initial problem statement to their supervisor,
according to the PBL approach. This activity is set to “Separate groups”, so this information is only exchanged
between groups and their supervisor.

The second section contains activities that support group communication and management. There is a forum
activity and a chat activity for internal communication regarding the group work. Moreover, there is a
checklist activity, which serves as a simple Gantt chart, and contains the main tasks of the group work based
on the PBL approach. The tasks are defined by the teachers, which encourage students to add additional
tasks, if needed. The groups can mark as done all completed tasks, thus facilitating project management, and
at the same time informing their supervisor on their process.

The third section in the platform serves as a communication and document-sharing channel between groups
and supervisors. This section includes assignment activities, which represent milestones of PBL group work.
These assignments require specific deliverables and they are due on specific dates, facilitating project
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management for the groups. The section contains a forum activity that supports communication between
the group and their supervisor. This activity is meant to replace all other online communication channels,
(e.g. emails, sms, Facebook, etc.) between these two parties. Lastly, there is a wiki activity, which is used by
the group as a progress report and an agenda before each physical meeting with the supervisor. Since the
wiki activity keeps its previous versions, the groups and the supervisors get an overview of the progress of
the work at the end of the semester.

The fourth section is dedicated to feedback activities. There are feedback activities for students, where each
student can provide feedback on the group forming, collaboration, and progress anonymously. These
feedback activities provide teachers with information on issues within the groups. There is also a feedback
activity, where supervisors are required to evaluate their groups twice: once at midterm and once at the end
of the semester.

4 Methods

The platform described in the previous section has been applied to gather, process, analyse, and interpret
educational data during the second semester project at the Medialogy bachelor program of Aalborg
University Copenhagen. Medialogy is an education that focuses on research and development, which
combines technology and creativity and looks at the technology behind areas such as advanced computer
graphics, games, electronic music, animations, and interactive art, to name a few. According to the PBL —
Aalborg Model, which is applied in all programs at Aalborg University, the Medialogy program curriculum is
mapped onto semesters, where students spend approximately 50% of their time on course work (3 courses)
and the other 50% on a semester project, where students collaborate in groups. The semester courses
support project work, which follows the PBL approach. Each semester is governed by a fixed theme, which is
selected to serve as the context, where the courses and the semester project address the learning objectives.
Each group of students is assigned a supervisor, who guides the students during the project, and makes sure
they are progressing according to the goals of the semester.

The theme of the second semester at Medialogy is “Human-Computer Interaction”, so during the semester
project the students should foster key competences in designing, developing and evaluating an artefact, such
as a desktop or a mobile application, using a user-centred approach. While pursuing this aim, they are able
to apply knowledge and skills in mathematics, programming and interaction design. The platform was used
for the semester project module during the spring semester 2018, where 94 Medialogy students were divided
in 14 groups. In this semester, six teachers acted as supervisors for the semester projects (some teachers
supervised more than one group). The structure of the platform adjusted to this case is shown in Figure 1. In
the next section, we present the educational data gathered during this semester project module.

5 Educational Data Gathered

The various components of the platform allow for the collection and analysis of different type of educational
data. In the following, we present the different categories of data.
5.1 Student engagement and interaction with the LMS

Student engagement and interaction with Moodle data is gathered and analysed using the standard
functionality of Moodle (reports), and three plugins for Moodle (GISMO, Statistics, and Heatmap). This type
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of data is gathered as students use the platform in order to shape an understanding of their overall
engagement with the LMS.

General Information (public)

My courses

Human-Computer Interaction

(CPH . - . I, N
! Communicate and Share Documents With Your Supervisor (private)

ndividual Feedback for Semester Group Meetings
&
13

Figure 1: The platform adjusted for the semester project module in the second semester of Medialogy (Student view).

By employing the logs for the specific Moodle page, we are able to extract student action reports. Moodle
distinguishes between the following actions on the various activities: create, view, update, and delete. The
activity report provides the total number of views by number of users, and the date of the last access on each
activity. Moreover, through the course participation reports, Moodle provides information on views and
posts per activity. An overview of the views and posts for the wiki and the four forum activities per student
of a random group are shown in Table 1 (we use the name “group A” to ensure anonymity). This information
provides an overview of each group member engagement with all activities (numbers on the other activities
not show here to save space). By adding the total number of views and posts for all group members, we can
create a metric for the group engagement with the different activities (last column in Table 1). If we divide
this metric by the number of students in each group, we get a “normalized” metric for each group
engagement with each activity, and in this way we are able compare the engagement of different groups.
Table 2 shows the total and mean value of views and posts on the wiki, forum, and file (resources) activities
for group A.

In order to better visualize and combine the data provided by the Moodle reports, we installed the LA plugin
GISMO on the platform. GISMO is a graphical interactive monitoring tool that provides visualization of
students' activities in Moodle. With GISMO, we are able to visualize various aspects of student engagement,
such as reading of materials, submission of assignments, engagement with forums etc. Figure 2 shows four




7t International Research Symposium on PBL (IRSPBL), Beijing, China, 19 — 21 October, 2018

graphs on student engagement for group A created in GISMO. The value of the GISMO graphs are that they
are interactive and can be easily adjusted in time, or for individual students.

Table 1: Number of views and posts per wiki and forum activity for the seven students of a random group (group A,
sl1=student 1, s2=student 2,etc.)

Activity (Action)/Student sl s2 s3 s4 s5 s6 s7 Total
Wiki (View) o 9 4 3 0 17 12 45
Wiki (Post) 0o o o o0 o 3 1 4
Wiki (Total) 0O 9 4 3 0 20 13 49
Discussion with Supervisor Forum (View) 3 87 75 67 0 32 27 291
Discussion with Supervisor Forum(Post) 1 2 11 0 0 6 2 22
Discussion with Supervisor Forum (Total) 4 89 8 67 0 38 29 313
Announcements Forum (View) i1 o 0o 1 o0 1 1 4
Open Discussions Forum (View) 1 3 0 0 0 0 O 4
Open Discussions Forum (Post) 1 0 0 0O O 0 o 1
Open Discussions Forum (Total) 2 3 0 0 0 0 o 5
Group Forum(View) O 2 3 0 1 o0 1 7
Group Forum(Post) 1 0 0 0O 0O 0 1 2
Group Forum(Total) i1 2 3 0 1 o0 2 9

The Heatmap plugin is another tool that was added in the platform. This tool overlays a heatmap onto a
course to highlight activities with more or less activity in order to help teachers gain insight into the use of
the various elements of their courses. The Heatmap paints each activity with a colour from pale orange to
vivid red depending on the number of user views on this activity (pale orange being the less used, and vivid
red being the most used activity). Under each activity, the tool provides specific numbers of user views and
the number of users, who viewed the activity. Moreover, it adds a small block with a summary on total views
and distinct user views for the whole module (Figure 3). This information is only visible to users with a Teacher
role.

Table 2: Total and mean value of views and posts on wiki, forum, and file activities for group A.

Engagement summary Total Mean

Accesses on wiki 49 7.00

Accesses on forums 331 47.29

Accesses on files 54 7.71

The Statistics plugin for Moodle was installed on the platform in order to have a quick overview of accesses
to the platform per day. This plugin adds a graph in the Moodle page, where total connections per day are
shown for the last 30 days (Figure 3). When a teacher clicks on the “More details” link, the names of the users
connected on the current day are shown.
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5.2 Forum discussions content

The content of forum posts on the platform provides insight into the discussions taking place among group
members, and between groups and their supervisors. In order to identify the issues raised during these
discussions, we apply an inductive approach for qualitative analysis on discussion data (Miles & Huberman,
1994). During this data analysis, consensus on findings is sought among three researchers in order to ensure
a deep reflexive analysis, and to strengthen the validity of the findings. One of these researchers is actively
involved in the second semester of Medialogy (not as a supervisor), which greatly assists in interpreting
students’ and supervisors’ posts. The goal of this analysis is to create a list of the various topics raised and
their frequency during the semester for each group (internally, and during communication with the
supervisor), and then correlate the data in the list with the other type of data gathered on the platform.

(a)

H ‘Il‘.ll‘.. |.)|.L.I||l..‘|.|‘|.|1|....| Ll [ ._.=.||k|||||

) g
]
(c) —

— - s @

Figure 2: (a) Total accesses to the platform per day, (b) Total accesses to the files (resources) on the platform per
student of group A, (c) Forum posts/views per student of group A (red=posts, gray=views) 4. Student accesses to the
platform over the semester (dots represent days they).

5.3 Assessment data

The last type of data gathered is group and individual assessment data. Group assessment data is gathered
through a feedback activity, where supervisors are asked to evaluate their groups in four aspects: group
internal collaboration, group collaboration with their supervisor, project management, and overall
performance. Supervisors fill out this feedback two times: once at midterm, and once at the end of the
semester. At midterm, supervisors are also asked to provide an estimation of the group’s final grade
(referring mainly to the final product of the project, since students get individual grades during examination).
Group assessment data are also gathered from the student side. Students evaluate their group’s formation,
internal collaboration, collaboration with the supervisor three times during the semester by using the
feedback activities before each semester group meeting.
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Individual assessment data is available after the final examination on the semester project module. The final
examination is group-based, i.e. all members of the group present parts of their project and then answer
guestions posed by two examiners (the supervisor and a censor). However, at the end of the examination,
the group members get individual grades depending on their performance during the presentation, and the
Q&A round.

backActivit STATISTICS

Group Communication and Management (private)

Not available unless: You belong to any group

ore details
Connections today : 12

HEATMAP

Total views: 15951

Communicate and Share Documents With Your Supervisor (private)

Discussion with Supervisor

Not available uniess: You belong to any group

@ =a @

s report for Supervisor meetings

& @ SEARCH FORUMS

Upload Infroduction and Initial problem statement to Supervisor

Milestone: Upload draft of Analysis and final problem statement to Supervisor Advanced search

Figure 3: The Moodle platform with the Heatmap and Statistics plugins enabled.

5.4 Further data analysis

The aforementioned data was used once in the semester in order to identify groups that were at risk (low
engagement data, late/lack of submissions of assignments, few/no wiki updates) and inform the respective
supervisors. It was left to the supervisors to decide if they had to take some action. Moreover, student
feedback was accessible by supervisors, so they could adjust their collaboration with the groups during the
semester. At the end of the semester, we aim at applying statistical correlation and regression tests on the
various sets of data in order to identify if and which pairs of data are related, and if some data can be used
to predict the outcome of other sets of data. The qualitative analysis of the forum discussions will also provide
insights into the learning and collaboration process of each group, and into the collaboration between groups
and supervisors. By analysing posts, where feedback was given on specific parts of the project by the
supervisors, the status reports, and each group’s submitted assignments, we also aim to extract qualitative
group assessment data.

6 Discussion and Conclusion

This paper presents a platform for applying LA methods to PBL group work. This platform was developed in
the Moodle LMS, and provides teachers with different type educational data. By employing Moodle plugins,
and quantitative and qualitative analysis on this educational data, we aim at getting insight on both the
progress and the process of the PBL group work. Moreover, we are able to get data on the engagement and
progress of individual students. In order to pilot the overall LA approach, and the functionality of the platform,
we introduced it to the semester project module of the second semester of the Medialogy program. During
this semester project module that follows the PBL pedagogy, the collaboration, interactions, and progress
were taking place offline until now. It was therefore only the supervisor of each group, who had an overview
of the group collaboration, and progress during the semester. However, in cases where the groups did not
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communicate with their supervisor, there was no way even for the supervisor to have such an overview.
Moreover, it was challenging even for the supervisor of a group to get insight into the individual contributions
to the project among the members of the group, at least before the final examination. Finally, it was difficult
for supervisors to evaluate intermediate phases of the project, if the groups did not inform the supervisor
about them, or they did not refer to such phases in their final report.

Our approach provides an overall view on student engagement and actions in the LMS supporting their
semester project. Such an overview can be used to address groups or students at risk during the semester.
Although student engagement in LMS is not always predictive for learning, we believe that low engagement
is indicative of underperforming students. This assumption can be also mitigated on a group level, i.e. groups
with lower engagement metrics were less productive during the semester. A few cases of students who
dropped out during this semester agree with this assumption, which still has to be proved by the analysis on
the collected data. The assignment activities that were introduced for groups to submit intermediate
milestones to their supervisor, and the analysis of the forum discussions, and the wiki posts can be used in
order to better evaluate the progress and the intermediate phases of the project.

The analysis of the forum discussions will also provide insights into the supervisor-group communication, and
collaboration, which so far were taking place via emails and physical meetings. Such insights can be used to
identify different patterns of communication and collaboration, and investigate if and how the group’s and
the supervisor’'s approach to them affect the group’s performance or other aspects of the semester project.

While this platform provides information on different aspects of PBL group work, it requires also extra effort
from groups and supervisors, since both of them had to get used to a new way of collaboration. Moreover,
the strength of this approach on providing rich educational data depends entirely on the dedication by both
teachers and students to use it. For instance, the forum and the chat activities meant to support
communication among the members of a group have not provided any valuable data, since students usually
select other platforms to perform these tasks (mainly Facebook and Skype), and therefore hardly used them.

Apart from analysing the educational data, we aim also at gathering student and teacher perceptions on the
use of LA methods in these PBL semester projects. In order to evaluate the overall approach and the
functionality of the platform, we will distribute questionnaires to the students and the supervisors involved
in this trial. The supervisors will be asked also to fill out a guided self-reflection report based on the LA data
available at the end of the semester. For the self-reflection analysis, we employ Gibbs reflective cycle (Gibbs,
1988). The aim of this analysis is to make sense of what happened, and plan future actions. The results of this
evaluation will be used to adjust the platform and design the next iterations of its employment in PBL project
work.
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