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Abstract—In this article, we introduce the results of a study
concerning visualizations of students’ participation and
activity in TUT Circle, a social media enhanced web service
for learning, networking, and communication. Well-
designed visualizations can provide useful information for
teachers to improve pedagogical practices and the quality of
online courses. Visualization enables students to monitor
their own activity levels and performance processes, and
make strategic adjustments to improve them.
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L INTRODUCTION

Peer learning that emphasizes students’ learning with
and from each other, often apart from teachers, has be-
come widespread teaching practice in universities. The
main purpose has been to promote students’ ability to
work together in teams, as is required by employers. At a
same time, an interest in using social media for education-
al purposes has been on the increase [1]. The use of social
media has been thought to facilitate collaboration, com-
munication, and networking among students as well as to
promote participation and social interaction, which are
strongly related to effective and enjoyable online learning
experiences [2]. However, using social media or assigning
students tasks to interact and collaborate does not guaran-
tee the students will interact or collaborate effectively with
their peers. Particularly among university students, lack of
time and a tendency to postpone completion of important
tasks (i.e. procrastination) can decrease or even hinder
social interaction and participation within online learning
environments, which can have a negative impact on peer
learning and learning in general. Indeed, procrastination
and lack of time are usually related to a failure of online
learning and to a poor academic performance [3] [4] [5].

In order to promote and support students’ ongoing par-
ticipation and peer learning during an online course, in-
formation about the students’ activity, interaction, and
participation is required, while the course is still in pro-
gress. The recording social media activities offers the po-
tential to gather a large amount of rich data about stu-
dents’ actions for analysis. Social media platforms include
several functionalities to facilitate publishing, indexing,
and tracking of user-generated content and networking,
such as friending, following, messaging, and status updat-
ing. In addition, several technical solutions, like RSS-
feeds allowing information sharing, web services enabling
machine-machine interaction, and mobile devices expand-
ing the availability and localization of different services,
allow users to interact and collaborate over different chan-
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nels. Information about users’ actions are recorded and
stored automatically in the log data of social media plat-
forms, which make large and rich data sets available for
further use [6].

However, user data stored in social media platforms are
rarely used for developing learning and teaching. These
educational datasets offer unused opportunities for the
evaluation of learning theories, learner feedback and sup-
port, early warning systems, learning technology, and the
development of future learning applications. The im-
portance of learning analytics has been increasingly rec-
ognized, for example, by educators, research institutes,
and software providers [7]. Learning analytics can be de-
fined as a collection of methods for measuring, collecting,
analyzing and reporting data about learners, their actions,
and contexts, which can be utilized for understanding and
optimizing learning. Data can also provide useful infor-
mation about students’ learning types and activity, and
help identify students who may be at risk of failing or
dropping out [8].

A main challenge in using user data for developing
learning and teaching is that the data is difficult to utilize.
Before the data stored in log files can be utilized to help
make decisions on potential pedagogical strategies, ac-
tions, or interventions which may be used to promote stu-
dents’ participations and peer-learning, the data need to be
gathered, analyzed, and interpreted [4] [9]. There are sev-
eral data mining techniques, sophisticated analyzing
methods, and visualization tools that can provide useful
information for both teachers and students. However, the-
se methods and tools are not usually developed for peda-
gogical purposes, and may be cumbersome for use by
teachers and students [9] [10]. Another challenge is the
quantity of data. Large amounts of data can be difficult for
people to analyze, interpret, and understand, because pro-
cessing data requires complex cognitive processes. How-
ever, if the data are packaged and presented in a correct,
clear, and effective way, humans can process an incredible
amount of data [11] [12]. Visualization can help, for ex-
ample, by increasing memory and processing the available
resources, reducing the search for information, enhancing
the recognition of patterns, enabling perceptual inference
operations, and using perceptual attention mechanisms for
monitoring. From the users’ perspective, visualizations
can help them better understand the data. However, to be
understood, the data used should be familiar and interest-
ing to users. A good visualization will confirm what they
already know, and provide several insights into the data
[13].

In order to help teachers and students analyze participa-
tion and peer-learning processes during courses, the Intel-
ligent Information Systems Laboratory (IISLab) at Tam-
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pere University of Technology (TUT) has developed a
pedagogical data analyzing and visualization tool that was
implemented in the social media enhanced learning envi-
ronment called TUT Circle'. The tool supports the analy-
sis and visualization of log data in the TUT Circle, and
offers possibilities to monitor the students’ activity and
participation during the course in real time. To examine
the usefulness of the visualizations, the IISLab organized
a teaching experiment in autumn 2012. During the teach-
ing experiment, the TUT Circle was used as a learning
environment, and the students were offered the visualiza-
tions in order to support them to monitor their peer learn-
ing activities, and to motivate them to participate. The
visualizations were also offered to the teacher for monitor-
ing the students’ actions during the course. The aims of
the teaching experiment conducted were to determine if:
1) students found the use of visualizations to present their
activities and participation during the course interesting
and motivating, and 2) visualizations are useful for evalu-
ating impacts of pedagogical interventions during the
course.

This study is part of a Finnish national project called
Campus Conexus carried out from 2009 to 2013, and fi-
nanced by the European Social Fund. Five Finnish univer-
sities are participating in the project, with an aim to study
how students engage in university studies, by enriching
learning experiences and enhancing students’ personal,
intellectual, collegial, and professional development [1].
Another aim of the project is to develop a social media
enhanced learning environment called the TUT Circle to
support students’ collaboration, networking, and study,
which the IISLab is responsible for. The TUT Circle is
built on a content management framework called Drupal’,
and contains all the basic functionalities of a modern so-
cial media web service. The development work of the
TUT Circle is based on results of the earlier studies con-
ducted by the IISLab. Among other things, the IISLab has
studied quality factors of the social media enhanced learn-
ing environment, students’ motivation to use that kind of
environment, and possibilities to support peer-to-peer
learning and networking among students through social
media [14] [15] [16] [17]. A significant part of that devel-
opment work has been the development and research of
methods for analyzing and visualizing log data collected
from the TUT Circle in order to make students’ actions
visible.

II.  MONITORING STUDENTS’ PARTICIPATION

Participation is essential for effective collaborative
learning interactions and peer learning. Peer learning is
considered to include learning activities that are mutually
beneficial and involve the sharing of knowledge, ideas,
and experiences among participants who are in similar
situations. Peer learning occurs when one student collabo-
rates, communicates, and shares knowledge with a peer
[18] [19]. When all the students actively participate in a
course’s learning activities, the amount of information
available to the students increases, which maximizes the
students’ learning potential [3] [4]. While active participa-
tion is important to achieve better learning results, passive
participation, like reading content and messages produced

1 http://www.tut.fi/piiri
2 http://drupal.org /

by other students (i.e. learning through observation), can
also enhance learning performances [3] [4].

In addition to a high level of motivation to participate,
good academic performance in an online course requires
self-discipline and good time management skills. A prob-
lematic phenomenon from the viewpoint of peer learning
is procrastination, which is defined as a tendency to post-
pone important tasks required to be completed by a specif-
ic deadline [3] [5]. Procrastination can impact on peer
learning in many negative ways. If the majority of stu-
dents submit their answers to a course question just before
the deadline, this gives them little time to discuss or de-
velop a shared understanding of a subject, which makes
true conversation impossible. Submitting answers during
the last few hours before the deadline also limits opportu-
nities for learning through observation [3] [17]. Students
have also reported negative feelings, such as pressure and
a sense of superficial learning related to procrastination
[17]. However, students have individual differences in
their abilities to manage time, and in the ways they partic-
ipate in learning processes. Some students are active pro-
crastinators, who make a conscious decision to procrasti-
nate. One reason for this is that they may wish to read
other students’ answers before sending their own. Passive
procrastinators can be students with motivational prob-
lems who have difficulties completing their tasks on time
[31[5]-

In order to avoid procrastination and promote ongoing
participation, which is vital for learning, careful instruc-
tional design is required. Problem-based and inquiry-
based learning methods are considered to increase stu-
dents’ motivation for learning, and problem-based or in-
quiry-based assessments are thought to promote active
participation, interaction, and knowledge sharing among
students. Learning activities should also occur evenly dur-
ing the course so students are able to manage their work-
load. However, students’ participation is largely deter-
mined by the way they are to be assessed. Assessment
guidelines with clear and fair assessing and grading pro-
cesses help students see the objectives of studying, and to
understand what is expected from them [19]. Even so, in
spite of careful instructional design, strategic pedagogical
interventions may be required to motivate and activate
some students during the course.

While traditional approaches for monitoring students’
actions, such as statistics about their activities, offer only
limited possibilities for evaluating the level of students’
participation during the course, learning analytics with the
use of social network analysis (SNA), dynamic visualiza-
tions, and other sophisticated methods for gathering, pro-
cessing, analyzing, and evaluating information about
learning and teaching can make students’ actions visible,
and offer interesting possibilities to monitor the evolution
of the students’ participation during the course, and, fur-
ther, to evaluate the quality of the instructional design of
the course [8] [9] [17] [20].

In analyzing learning data, a key focus is on users’ ac-
tions and the content they produce. Well-designed visuali-
zations of user data can provide teachers valuable insight
into their students’ activity and participation, and thus
help evaluate the quality of a course’s instructional design.
Visualizations may also help students monitor and evalu-
ate their own performance processes and learning out-
comes, and make strategic adjustments to improve them
[8]. From a social perspective, learning analytics is related
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to a combination of individual knowledge and skills, the
environment, use of tools, and the ability to work together.
In understanding learning in this context, we must also
pay attention to group processes of knowledge construc-
tion. The focus must be not only on learners, but also on
their tools, pedagogical targets, teaching methods, situa-
tion, and environment [6].

By applying the methods of learning analytics, design-
ers of visualizations can integrate technical, social, and
pedagogical dimensions better which support the evalua-
tion of online learning and teaching from the viewpoint of
pedagogical usability [8]. The term “pedagogical usabil-
ity” is denoted whether the tools, content, interface, and
the tasks of the web-based learning environments support
various learners to learn in various learning contexts, ac-
cording to selected pedagogical objectives. The methods
of learning analytics can also help evaluate if the instruc-
tional design of the course is based on the appropriate
educational theory, and if the learners’ unique skills and
needs, such as motivation, diversity, and growth, are taken
into consideration [21] [22].

III. TwoO TEACHING EXPERIMENTS

Hypermedia students studying technology can be seen
as early adapters of technological innovation. They are
more adept in terms of the comprehension and manipula-
tion of complex technology than students of other subjects
[23]. In autumn 2011, the IISLab organized a teaching
experiment in the promotion of hypermedia student net-
working, collaboration, and communications using the
TUT Circle during online course named Usefulness of
Web-Based Services.

During the experiment, log data collected from the TUT
Circle were analyzed using SNA methods, and visualized
for creating dynamic time-driven animations in order to
help teachers’ verify student participation (i.e. interaction
among students and content). In addition, information
about students’ experiences of participation was collected
by a survey in order to understand their behavior. The
results of the analysis and visualizations of log data
showed that the students actively read content produced
by others; however, only a few students voluntarily com-
mented on content created by other students, even though
they were motivated to comment by the offer of extra
points. In addition, most of the students’ actions happened
around the assignment deadlines. According to the stu-
dents, procrastination had a negative impact on their learn-
ing, because answering just before the deadlines made true
conversation difficult. The students thought that the main
reason for procrastination was that they were busy with
other courses and tasks, and suggested that they could be
encouraged to return their assignment early if they were
given incentive to do so, such as the offer of extra points.
However, the procrastinators were not a totally homoge-
neous group. Some of the students seemed to make a con-
scious decision to procrastinate, whereas others seemed to
fail to complete their tasks on time due to indecision and
lack of motivation [17] [20].

In autumn 2012, a teaching experiment similar to the
experiment organized in 2011 was carried out. The IISLab
organized an online course called Usefulness of Web-
Based Services, in which 33 hypermedia students partici-
pated. The course was consisted of a group-work project
with an aim of evaluating the usefulness of a web-based
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service and independent working periods on the web for
studying basic theories of quality assurance. Like the pre-
vious year, the TUT Circle was used as a learning envi-
ronment in order to promote students’ networking, collab-
oration, and communications on the web. Students were
offered online learning material presenting basics theories
for evaluating the quality and usefulness of web-based
services for self-study, and their thinking was activated by
requiring them to contribute assignments by writing mes-
sages on a discussion forum related to a theme given by
the teacher. Based on the results from the previous teach-
ing experiment, the instructional design of the course was
developed. In contrast to the earlier experiment, there
were six assignments instead of nine, and the students
were also given more time to contribute each assignment.
In order to promote active participation, students were
required to write two or three messages instead of one to
complete each task. The teacher also participated in the
online discussion in order to activate the students. In addi-
tion, students were motivated to avoid procrastination by
offering them extra points to be added to their final score
if they wrote at least one message during the first three
days after the assignment was opened.

In order to help the students monitor and evaluate their
participation and activity levels, and perhaps increase their
motivation to improve their performance, three different
visualizations were presented to the students. Visualiza-
tion #1 was a time-driven animation presenting the devel-
opment of the students’ activity, such as returning assign-
ments as written messages during the course in the TUT
Circle. Visualization #2 was an interactive visualization
that presented the activity and participation of the student
group. Each student was also offered a personalized inter-
active visualization (#3) that presented his/her own activi-
ty and participation. The students also responded to a web
survey that aimed to gather information about their opin-
ions on the usefulness of the visualizations, and their opin-
ions on participation and procrastination.

The time-driven animation presenting the development
of the students’ activity (#1) and the interactive visualiza-
tion that presented the activity and participation of the
student group (#2) were also presented to the teacher of
the course in order to help her evaluate the evolution of
the students’ participation and the quality of the instruc-
tional design. According to the principles of participatory
design the teacher of the course was actively involved in
development of the visualizations [24]. As a member of
the design team the teacher participated in brainstorming
sessions, production of specification for the visualizations,
design decisions, and evaluation of visualization mock-
ups and prototypes. Notes produced by the design team
offered plenty of information about the usefulness of the
visualizations from teachers’ viewpoint.

IV. ANALYSIS AND RESULTS

The students participating in the course responded to
the web survey as part of their course assignment. The
survey was completed in autumn 2012 by 24 students. At
first, the students were asked to rate their agreement or
disagreement with seven survey statements on a 5-point
Likert-type scale. The aim was to determine if the students
found peer-learning activities useful for their learning.
Secondly, the students were asked to rate the usefulness of
the visualizations provided using a 7-level semantic dif-
ferential (otherwise known as a bipolar rating scale) with

http://www.i-jet.org



SPECIAL FOCUS PAPER
STUDENTS’ PARTICIPATION IN A SOCIAL MEDIA ENHANCED LEARNING ENVIRONMENT

contrasting adjectives at each end (O=totally useless/
6=very useful). In addition, there were open-ended ques-
tions in the survey with an aim to gather information
about their experience on participation and procrastina-
tion, to find out how the students interpreted the visualiza-
tions presented, and why they considered the visualiza-
tions to be useful or useless.

The qualitative data from open-ended questions of sur-
vey were analyzed using content analysis, a method used
to examine the meanings, themes, and patterns that were
manifest or latent in the students’ answers, and to identify
similarities and differences among answers. The content
analysis was also used for analyzing documents produced
by the design team in order to identify and interpret
words, phrases and sentences describing usefulness of
visualizations. To ensure the validity of the content analy-
sis, researcher triangulation was used. It should be noted
that both the Likert-scale and semantic differential scale
are ordinal scales, and, consequently, averages and stand-
ard deviations have no valid interpretations. They can still
offer useful information to construct an overall view of the
phenomenon under investigation.

A. Online students’ experiences in peer learning

According the results from the first part of the survey,
most of the students (83%) agreed or strongly agreed that
sharing their own content, links, and other resources via
the TUT Circle was useful for their learning. However,
only roughly half of them (46%) agreed or strongly agreed
that content, links, and other resources shared by other
students were useful for their learning. (See statements 1
and 7 in Table 1.)

TABLE L.
DIVISION PERCENT OF THE STUDENTS ACCORDING TO THEIR LEVEL OF
AGREEMENT TO STATEMENTS (N=24)

Statements A B C Av. | Stdv.
1. Sharing content, links, and
other resources in the TUT
Circle was useful for my learn-
ing.
2. Presenting my ideas, opin-
ions, and questions related to the
subject matter in the TUT Circle
was useful for my learning.
3. Commenting on the messages
and works of other students in
the TUT Circle was useful for
my learning.
4. Receiving comments on my
own messages and works in the
TUT Circle was a positive expe-
rience.
5. Comments on my own mes-
sages and works received in the
TUT Circle was useful for my
learning.
6. Reading messages and works
written by other students was 17 | 38 | 46 | 3.29 | 0.75
useful for my learning.
7. Content, links, and other
resources shared by other stu-
dents were useful for my learn-
ing.

13 4 83 | 3.92 | 1.02

8 46 | 46 | 342 | 0.88

29 | 21 | 50 | 3.33 1.17

13 | 33 | 54 | 3.58 | 1.06

21 | 25 | 54 | 329 | 091

29 | 25 | 46 | 3.21 1.05

A=disagreed or strongly disagreed B=neutral C=agreed or strongly
agreed

While half of the students (46%) agreed or strongly
agreed that presenting their ideas, opinions, and questions

in the TUT Circle was useful for their learning, only 8%
of them disagreed or strongly disagreed with that state-
ment. Forty-six per cent of the students agreed or strongly
agreed that reading messages and works written by other
students was useful in their learning (See statements 2 and
6 in Table 1).

Roughly half of the students seemed to think that com-
ments were useful in their learning. The students seemed
to have different opinions concerning whether comment-
ing on the works of other students was useful for their
learning. Half of respondents (50%) agreed or strongly
agreed that commenting on the works of other students
was useful, whereas one-third of them (30%) disagreed or
strongly disagreed. Half of the students (54%) agreed or
strongly agreed that receiving comments was a positive
experience, and 13% had the opposite opinion. Fifty-four
per cent of the students agreed or strongly agreed that
comments on their own contributions written by other
students were useful for their learning (See statements 3,
4, and 5 in Table 1).

B.  Visualizations of students’ participation

Three different visualizations presenting the evolution
and level of the students’ participation and activity over
time during the course were presented to them in order to
help them monitor and evaluate their performance pro-
cesses.

TABLE IL
DIVISION PERCENT OF THE STUDENTS ACCORDING TO THEIR RATINGS
ON USEFULNESS OF THE VISUALIZATIONS (N=24)

Visualization A B C Av. Stdv.

Visualization #1: Time-driven
animation presenting the de-
velopment of the students’
activity and participation.
Visualization #2: Interactive
visualization representing
students’ participation over
time.

Visualization #3: Personalized
interactive visualization repre-
senting each student’s partici-
pation over time.

18 | 21 | 63 | 3.71 1.60

26 | 22 | 52 | 3.35 1.70

57 17 | 26 | 2,48 1.27

A=useless B=neutral C=useful
Visualization #1 was a time-driven animation present-
ing the development of the students’ activity, such as re-
turning assignments as written messages during the course
in the TUT Circle. In order to create the visualization, the
log data were collected from the TUT Circle, modeled
into a network that represented the interactions between
students and the course content using SNA methods, and
then visualized using Gource3, a software version control
visualization tool [17].

Figs. 1-3 present three snapshots from interesting time
points related to the second assignment of the course. In
the figures, red nodes represent the students’ assignments
(i.e. forum discussions), nodes of other colors represent
other content, such as course information, and comments
written in discussions are represented by the tree struc-
tures under the related nodes. The second assignment that
required the students to write three different messages in
the discussion forum was opened to the students on Tues-
day morning. The deadline for the assignment was two

3 http://code.google.com/p/gource/
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Figures 1-3. Three snapshots from interesting time points related to the second assignment. Three days after opening the assignment, only five
students had written their first message (Fig. 1). Almost two weeks later, 12 hours before the deadline, less than half of the students (45%) had
participated (Fig. 2). Most of the students returned their assignments just before the deadline. Fig. 3 presents the situation 90 minutes before the 8.00
a.m. deadline on Tuesday morning.

weeks later on Tuesday morning at 8.00 a.m. Three days
after opening the assignment, only five students had writ-
ten their first message despite the extra points offered for
early participation (Fig.1). Almost two weeks later on
Monday, 12 hours before the deadline, less than half of
the students (45%) had participated, and only 38% of their
required messages were written (Fig. 2). Most of the stu-
dents’ participation occurred during the last few hours
before the deadline. Fig. 3 presents the situation 90
minutes before the 8.00 a.m. deadline on Tuesday morn-
ing. The visualizations clearly show students’ burst-like
behavior when they return their assignments just before
the deadline. This kind of behavior was observed during
the entire course for all the assignments.

All of the respondents interpreted that the visualizations
represented a development of their activity in the TUT
Circle during the course, and all of them recognized the
phenomenon of procrastination.

“Most of the students are answering assignments just
before the deadline. In practice, most activities happened
after 10 pm in last night before the deadline. Only a few of
the students completed their task in time.” - Respondent 8’

According the results of the survey, almost two thirds
of the students (63%) found visualization #1 to be useful
(see Table 2). One of the open-ended questions in the sur-
vey aimed to elicit an explanation for this. According to
the respondents, the visualization was a demonstrative
(13/24) and fascinating (5/24) way to monitor their per-
formance during the course.

“First of all, it was interesting to see how deadlines im-
pact on students’ actions. On the other hand, it was easy
to see how different issues, messages, and comments are
related to each other.” - Respondent 3

However, some of the students questioned the useful-
ness of the visualization (6/24), and considered it unclear
and difficult to interpret (5/24).

“It [visualization] shows how people act during the
time, but nothing more.”” - Respondent 9

Interactive visualization #2 utilizing Crossfilter’ (Fig.
4), JavaScript library, was implemented in the TUT Cir-
cle, which enabled the students to interact directly with the
visualizations and experience visual analytics. The visual-
ization allowed the students to explore their activity and
participation history using live histograms. The students
could click and drag on charts to filter information by di-

4 The responses of participants were originally in Finnish, and
they have been translated into English.

5 http://square.github.com/crossfilter/

24

mensions such as time, unique viewers (i.e. number of
single persons) per content, total views per content, and
date. Visualizations presented the activity and participa-
tion of the student group, and were made available to all
students.

Visualization #2 shows the activity and participation of
all the students of the course, according to the dimensions
of time, unique viewers, views, and date (see Figure 4).
The visualizations show that students had worked during
the daytime and evenings, but also at night. Students’ ac-
tivity increased from 8.00 p.m. towards midnight, at
which point it decreased and increased again before the
deadlines at 8.00 a.m. In the histogram presenting the dis-
tribution of students’ participation, all peaks are at the date
of a deadline. This indicates a strong element of procrasti-
nation up until the assessment due date.

Half of the students (52%) found this visualization use-
ful, while a quarter (26%) found the visualization to be
more or less useless. Almost half of the students (11/24)
thought the visualizations helped them perceive interest-
ing issues, such as time management (8/24). According to
some students, this kind of visualization could be useful
for the teachers (6/24) for utilizing in development of in-
structional design.

“The statistics can offer useful information to the
teachers for developing the course, and especially im-
prove the schedules of the course.” - Respondent 6

Each of the students were also offered a personalized
interactive visualization (#3), that was similar to the visu-
alization in Fig. 4, but presented their own, individual
activity and participation during the course using dimen-
sions of time, unique viewers, views, and date. Only a
quarter of the students (26%) found this visualization to be
useful, and over half of them (56%) found the visualiza-
tion to be useless. According to the latter students, the
visualizations offered information about their own activity
and participation that they already knew.

“The visualization did not tell me anything new that |
did not know before.” - Respondent 5

While some students (7) considered the visualization
useful for monitoring their own activity, two of the stu-
dents mentioned that the visualization was discouraging
and upsetting.

“Analyzing own activity and performance is always
useful. It is possible to see, is there something that need to
improve or to make more effective.” - Respondent 8

“It reminds you of low level of activity. It makes you
feel laziness and inefficiency, even though you work hard
all the time for doing home works. On the other hand, it
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Figure 4. Activity of the students during the course according time, unique viewers, views, and date.
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tells you that you could be more active in this course.” -
Respondent 14

The students were also asked what kind of visualization
would be useful for them. One quarter (25%) thought the
visualizations did not offer any value, while most of the
students (75%) considered the visualizations are useful in
general. The students mentioned several issues worth vis-
ualizing, such as content of the learning material, key-
words related to the messages, and how activity and par-
ticipation are related to final scores.

C. Online students’ opinions on procrastination

The phenomenon of procrastination was identified and
verified by each of the visualizations presented. The stu-
dents mentioned several reasons for procrastination, for
example pressure, due to other courses and tasks; atti-
tudes, such as laziness and inefficiency; external pressure
as a motivating factor; and working habits (i.e. tendency
to complete tasks on time, but submitted late after reading
the answers of other students). When the students were
asked to indicate what they considered to be the main rea-
son for their procrastination, over half of the students
(14/24) mentioned pressure, due to other courses and
tasks.

“According to my opinion, nowadays there are so
many courses and weekly assignment in universities, that
you have to submit something almost every day, which
cause that submitting is delayed close to the deadline.”
Respondent 9

A third of the students mentioned that attitudes such as
laziness and inefficiency associated with procrastination
are natural for humans.

“It is natural for humans to postpone things as long as
possible.” - Respondent 13

Eight students out of the 24 mentioned that external
pressure was the most motivating factor for completing
the tasks, which caused the last-minute performance.

“It is easy to motivate yourself when you are forced [to
do something].” - Respondent 22

Some of the students (4) mentioned working habits as a
reason for procrastination.

“If you are uncertain about your answer, you can re-
flect your opinions towards answers written by other stu-

>

dents and submit your own answer later on.” - Respond-

ent 5

According to the students’ answers, procrastination can
have a positive or negative impact on learning. Most of
the students (21) thought procrastination had a negative
impact on their learning, mainly due to lack of time. When
the majority of the students submitted their answers just
before the deadline, true conversation among them was
impossible. The students also felt there was not enough
time to develop a sufficient knowledge of the subject mat-
ter or to complete the assignments successfully. In addi-
tion, some of the students mentioned that procrastination
decreased motivation and caused feelings of duress and
stress.

“The students complete their assignments quickly and
in hurry. There is almost no time to absorb [new infor-
mation].” - Respondent 12

“Active conversation is possible only at the last mo-
ments.” - Respondent 1

“[Procrastination] undermine learning. Stress level in-
crease and subject matter is becoming unpleasant (you
starting to wonder why do you have to do that).” - Re-
spondent 24.

Three students mentioned that procrastination had a
positive impact on their learning, by helping them sched-
ule and divide the workload for the course. They also felt
that external pressure motivated them to concentrate better
on the subject matter.

“..The deadline culture do not have any negative im-
pact on my learning. It only helps me to structure a
schedule for my learning.” - Respondent 3

D. Usefulness of visualizations from the teacher’s
viewpoint
According to the analysis of documents produced by
design team the visualizations simplified the monitoring
of the activities of individuals or groups, and helped to
identify students’ undesirable behavior, such as procrasti-
nation.

The time-driven animation presenting the development
of the students’ activity (#1) demonstrates the phenome-
non of procrastination very clearly (Figs. 1-3). Visualiz-
ing the evolution of the students’ participations helped the
teacher discover the students’ burst-like behavior, and
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provide immediate guidance or improvement on schedules
of the course.

The interactive visualization #2 allowed the teacher to
explore the students’ activity and participation history by
using live histograms. The histograms present the distribu-
tion of students’ participation during the entire course. All
peaks in the histogram are at the assessment due date,
which indicates a high tendency of procrastination (Fig.
4). For the teacher this interactive histogram offered pos-
sibilities to monitor level of the students participation dur-
ing the course, and filter information by clicking and
dragging on the charts for identifying students who were
more passive (or active) than others during certain period
of time.

V. DISCUSSION

The IISLab at the TUT organized a teaching experiment
in autumn 2012. In order to encourage students to work
together, learn from each other, and develop and practice
their interaction, collaboration, and networking skills, the
TUT Circle social media service was used as a learning
environment. In order to promote the students’ participa-
tion and activate their thinking, the students were required
to answer assignment questions by presenting their opin-
ions, arguments, and comments on a course discussion
forum. Active regular participation during a course is im-
portant for peer learning. If students are actively involved
with the course content over a long period of time, they
are more likely to develop a good understanding of the
subject matter and be able to commit it to long-term
memory. However, if they only deal with the matter right
before a deadline, they will only use their working
memory and lose the learned matter in the long run [3] [4]
[18] [19].

During the teaching experiment in 2011, the main prob-
lems were the students’ burst-like behavior, and the pro-
crastination that made true conversation difficult and neg-
atively influenced peer learning. The students reported
that they did not have sufficient time to discuss and devel-
op a deep understanding of the subject matter. Moreover,
voluntary participation remained at a low level despite
attempts to motivate the students to participate by offering
extra points to do so [17] [20].

Based on the results from this teaching experiment, the
instructional design of the course carried out in 2012 was
greatly improved. Students were offered only six assign-
ments, rather than nine, in order to give them more time to
discuss theoretical issues. To promote active participation,
the students were required to write two or three messages,
instead of one message, to complete each task. The stu-
dents were also motivated to avoid procrastination by of-
fering the addition of extra points to their final scores if
they wrote at least one message during the first three days
after the assignment was opened [19].

In addition, the students were helped to monitor and
evaluate their participation and activity levels during the
course by offering them three different visualizations
based on the information about the students actions in the
learning environment, which were recorded in the log data
of the TUT Circle. The first visualization (#1) was a time-
driven animation presenting the development of the stu-
dents’ activity, such as returning assignments as written
messages during the course in the TUT Circle. The second
(#2) was an interactive visualization that presented the
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activity and participation of the student group during the
course. The third (#3) was a personalized interactive visu-
alization that presented his/her own activity and participa-
tion.

According to the survey results, roughly half of the stu-
dents thought that different peer-learning activities sup-
ported their learning, excluding sharing content, links, and
other resources in the TUT Circle that 82% considered to
support their learning. There were still some students (ap-
proximately 20 %) who found those activities not support-
ing their learning (See Table 1). In general, the students
had a more positive experience in peer learning than the
previous year’s students [17] [20]. There could be several
explanations for this. Firstly, the students participating in
the 2012 course were different than students in the course
of 2011. They could also be more motivated, or have more
experience in learning interaction. Secondly, only the
most motivated students provided their answers to the
survey. Only 24 of the 33 students who participated in the
course answered the survey, even though answering was
part of their obligatory assignment. This suggests the most
passive students did not answer the survey. Thirdly, the
changes made in the instructional design of the course
improved the quality of peer learning throughout.

During the course, only one in ten students seemed to
avoid procrastination, while most of the students could not
be motivated by the offer of additional points towards
their final scores if they wrote at least one message during
the first three days. According to the results, the main
problems were procrastination and the students’ burst-like
participation that made true conversation difficult, result-
ing in a negative impact on learning. In all three visualiza-
tions offered to the students, procrastination, the tendency
to postpone important tasks required to be completed by a
specific deadline, was identified and verified. Students’
burst-like behavior when they returned their assignments
by writing all two or three messages required just before
the deadline was observed during the entire course for all
the assignments.

According to the survey results, the mains reasons for
procrastination were: 1) pressure, due to other courses and
tasks; 2) attitudes, such as laziness and inefficiency; 3)
external pressure as a motivating factor; and 4) working
habits (i.e. tendency to complete tasks on time, but sub-
mitted late after reading the answers of other students).
The students were also asked about the impact of procras-
tination on their learning. Most of the students found that
procrastination left them with no time for conversations,
or for completing the assignments successfully. Some of
the students found procrastination to decrease their moti-
vation and cause feelings of duress and stress. The pro-
crastinators seemed not to be a homogeneous group of
students. Some of the students seemed to be active pro-
crastinators making a conscious decision to procrastinate,
whereas others, the passive procrastinators, seemed to
have problems to complete their tasks on time [3]. The
results from this survey were similar to those obtained in
the teaching experiment of 2011 [17].

According to the survey results, roughly half of the stu-
dents found that visualizations showing the students’ par-
ticipation and activity over time during the course useful.
The visualizations helped to identify and verify the exist-
ence of procrastination, to see the activity in the course as
a whole, and to narrow down the inspection period to get
more detailed information, and perhaps increase the stu-
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dents’ motivation to improve their learning performances.
However, instead of motivating the students to participate
more evenly, the visualizations also seemed to have a to-
tally different impact on some students:

“I think that the visualizations were interesting, but
they do not help me to study in different way. They mostly
reinforce the bad habit to leave everything to the last mi-
nute like everybody else. It is more safe not to stand out in
a crowd.” - Respondent 22.

The visualization that represented information about the
student’s own activity and participation did not offer any
new or interesting information to the students. Visualiza-
tions that help a student compare his’her own activity to
other students’ activity or visualizations presenting infor-
mation on relationship between procrastination and aca-
demic performance would be more helpful and more mo-
tivating.

For the teacher, the visualizations helped monitor evo-
lution of the students’ activity and participation during the
course, evaluate the impact of the designed assessment on
the students’ behavior, and identify undesirable behavior,
such as procrastination. While time-driven animation
presenting development of students’ participation is fasci-
nating and demonstrative, a traditional timeline could be
more usable for visualizing activity over time in order to
get insight into the evolution of participation [25]. Teach-
ers could also benefit from interactive visualizations that
help monitor and evaluate participation and activity of
each individual students, for example, in order to identify
students who might have problems with motivation or
learning.

VI. CONCLUSION

Half of the students found that different peer-learning
activities supported their learning. However, it seems to be
challenging to motivate students to avoid procrastination,
and to work evenly throughout their course, which is im-
portant for peer learning. Offering students’ possibilities
to earn extra points to be added to their final scores proved
largely ineffective. It is obvious that scheduling and as-
sessment of assignment requires further improvement, for
example, according to the suggestion made by one of the
students:

“True conversation is decreasing, when all [the stu-
dents] write [their answers] at same time. Could it be
possible to think about so called dynamic deadlines? The
students could have different deadlines depending on as-
signments. However, the same persons should not always
have the first deadlines.” - Respondent 5

Roughly half of the students found that visualizations
showing the evolution and level of the students’ participa-
tion and activity over time during the course were useful.
The visualizations may have increased the students’ moti-
vation to participate more evenly and improve their learn-
ing performances. However, the visualizations seemed to
have opposite impact on some students by reinforced the
bad habit of procrastinating. If we wish to motivate stu-
dents to be more active and more ongoing with their par-
ticipation, information on the relationship between partic-
ipation and academic performance should be presented to
them. The visualizations helping a student compare
his/her activity and participation to other students’ activity
could also be motivating. As a result, students may pro-

cess their own objectives and perhaps change their behav-
ior accordingly.

For the teacher, the visualizations provided valuable in-
formation to evaluate the students’ study processes and
identify undesirable behavior, such as procrastination, and
evaluate the impact of the designed assessment. Further
research is still required to investigate the phenomenon of
procrastination from different viewpoints. Use of methods
of learning analytics can provide interesting information
to enhance teachers’ understanding on how to support
students to move from a deadline culture, towards ongoing
active participation, how to encourage passive students to
participate more actively, and the kinds of pedagogical
interventions and instructional designs needed to promote
peer learning. However, it is also important to realize that
there are some crucial issues related to learning analytics,
such as the privacy of data and results, including personal
information and the protection of students’ identities.
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