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Abstract

Students’ acquisition of teamwork competence has become a priority for educational institutions. The development 
of teamwork competence in education generally relies in project-based learning methodologies and challenges. 
The assessment of teamwork in project-based learning involves, among others, assessing students’ participation 
and the interactions between team members. Project-based learning can easily be handled in small-size courses, 
but course management and teamwork assessment become a burdensome task for instructors as the size of the 
class increases. Additionally, when project-based learning happens in a virtual space, such as online learning, 
interactions occur in a less natural way. This study explores the use of instant messaging apps (more precisely, 
the use of Telegram) as team communication space in project-based learning, using a learning analytics tool 
to extract and analyze student interactions. Further, the study compares student interactions (e.g., number of 
messages exchanged) and individual teamwork competence acquisition between traditional asynchronous (e.g., 
LMS message boards) and synchronous instant messaging communication environments. The results show a 
preference of students for IM tools and increased participation in the course. However, the analysis does not find 
significant improvement in the acquisition of individual teamwork competence.
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I. Introduction

PREPARING students to be successful workers or entrepreneurs 
is one of the main goals of educational institutions. For 

success to happen, students need to acquire competences that are 
demanded by the labor market to increase their employability and 
performance. However, this is easier said than done, as it requires 
that: 1) companies and educational institutions match learning 
curricula and business requirements; and 2) educational institutions 
use the adequate tools that facilitate competence acquisition and 
assessment [1]. This study addresses both issues. The first one, by 
exploring the application of a methodology to facilitate students 
the acquisition of Teamwork Competence (TWC) in educational 
contexts. The second, by exploring the application of a Learning 
Analytics tool to facilitate assessment of TWC.

The acquisition of TWC has multiple benefits for students’ learning 
and development [2], [3] and is highly demanded by companies [1]. 
Different methodologies may facilitate its acquisition; most of them 
require that students work together in groups to develop a project 
or solve some problem or challenge. These methodologies share 
a common hurdle: while assessing the final result of a group (e.g., 
the project delivered) is easy and quite straightforward, it is also 
necessary to assess the work of each team member [4]. Strategies 
to address individual assessment build on the students’ learning 

shreds of evidence, be it based on objective observation or subjective 
perception. The basic types of TWC assessment techniques  include 
the following [5]: 1) simulating events in complex scenarios [6], [7], 
which are generally used in courses with low number of students; 
2) measuring the individual development of TWC based on different 
scales upon observation of students’ work routines and behaviors, 
[8], [9]; 3) assessing performance of peers and self-assessment [10]-
[12]; 4) analyzing objective data obtained from partial results and 
students’ interactions in digital spaces [13], [14]. All these techniques 
have advantages and disadvantages; for example, the former two are 
based on observation and limited by the number of students; the third 
one introduces an important factor of subjectivity and the last one 
demands a great amount of time and effort from teachers. In addition, 
these methodologies often require face-to-face activities, and thus 
may prove too complex in scenarios such as the remote emergency 
teaching caused by the COVID19 outbreak [15], [16].

This study focuses on the fourth type of techniques (based on 
analysis of objective data) but aims to overcome the limitations 
associated with this kind of approach. To do so, we apply a learning 
analytics tool that facilitates assessment of TWC based on data trails 
from students’ interactions with their teammates in online spaces, 
irrespective of face-to-face or distance learning.

Prior research on this topic analyzes student interactions in 
LMS message boards [13], [14]; this information, combined with 
assessment rubrics applied to partial and final results, helps assess 
the individual acquisition of TWC [4]. One relevant finding from 
those research studies is that students are not comfortable with using 
message boards for interaction with their peers because they consider 
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that asynchronous communication is far from the real way in which 
they usually interact in non-educational contexts. A potential solution 
to this problem is to move the interaction space to Instant Messaging 
(IM) tools and applications, which then leads to the development of 
learning analytics solutions tailored to the characteristics and data 
structures of these applications.

IM applications have been widely adopted by the general population, 
but are particularly popular among younger generations. IM enables 
communication across multiple devices and facilitates synchronous 
interaction between peers, allowing for different types of messages 
and data formats (e.g., text, photos, video, voice, etc.) [17]. Younger 
users favor IM applications over other communication channels, 
such as phone calls [18], [19]. Additionally, most IM applications do 
not entail monetary costs and are available for download and use in 
almost every kind of mobile and non-mobile devices. Currently, the 
most popular and widely adopted IM application is WhatsApp [20]. 

Recent studies explored the use of learning analytics tools adapted 
to the characteristics of WhatsApp [21], [22], but their implementation 
requires additional data parsing to ensure anonymity, and therefore the 
collaboration of students and teachers because the phone number must 
be shared among group members. Other IM tools, such as Telegram, 
do not have this requirement, and thus may be more suitable to foster 
collaboration. Telegram offers a free open-source platform without 
ads, a clean interface and some extra security layers [23]. Further, it 
incorporates a bot system that facilitates collection and processing 
of messages without linking them to mobile phone numbers, using 
internal IDs instead.

This study analyzes the results from the combined use of Telegram 
and a learning analytics tool for data extraction and processing. More 
specifically, the research examines collaborative learning settings in 
two different courses of a Computer Science Degree at the University 
of León. This examination involves observing student engagement and 
interactions in Telegram groups and analyzing their relationship with 
the individual acquisition of TWC. We also compare the results with 
those of previous cohorts. This study extends [24], which described 
the learning analytics tool used to collect data in this research and was 
presented at the TEEM conference 2020. A qualitative assessment of 
the method based on the feedback received from students complements 
the quantitative analysis.

The structure of this document is as follows: Section II describes 
the materials and methods used on the study; Section III presents the 
results of the analysis; Section IV discusses the main findings and 
compares them with those from previous research; finally, Section V 
draws the main conclusions of the study.

II. Materials and Methods

A. Materials
Validating a learning analytics tool entails its application in an 

educational context. In this study, we analyze data from two different 
Computer Science courses (Operating Systems and Computer 
Animation) at the bachelor’s degree in Computer Science across two 
different academic years.

• Operating Systems (OS) is a second-year mandatory course 
delivered to between 100 and 130 students that focuses on the 
fundamentals of Operating Systems from a practical perspective 
[21]. Although theoretical concepts are given as lectures, most 
of the contents are developed as hands-on work. The course 
assessment consists of the evaluation of theoretical and practical 
concepts through questionnaires (35 percent of the final grade) 
and two mandatory assignments to assess the hands-on part (65 
percent of the final grade). The latter comprises two assignments: 

the first one is individual and accounts for 35 percent of the hands-
on grade, whereas the second (also called final assignment) is 
carried out in groups and accounts for the remaining 65 percent of 
the hands-on grade. Students need to pass both the theoretical and 
hands-on parts separately to pass the course. This study focuses on 
the final assignment because of prior success in applying the same 
methodology (Comprehensive Training Model of the Teamwork 
Competence, CTMTC; CTMTC is explained in more detail in 
subsection II.C.2) in project-based learning in the past [25]. The 
data collected correspond to the 2018-2019 (face-to-face course 
using Moodle message boards for team communication) and 2020-
2021 (blended learning course using Telegram as communication 
space) academic years.

• Computer Animation (CA) is a third-year elective course where 
students learn general concepts about design principles and 
techniques, modeling and three-dimensional animation of objects 
[24]. The main learning objective of the course is that students 
experience and learn the concepts involved in all the stages of an 
audiovisual production project in real contexts. Course contents 
are divided in three blocks: introduction, animation fundamentals 
and animation techniques. 

The assessment is based on questionnaires, applied exercises 
and a final project. Questionnaires (20 percent of the final grade) 
are used to check students’ knowledge and understanding of 
theoretical concepts. Exercises (20 percent of the final grade) assess 
students’ knowledge about the application of theoretical concepts. 
The development of an animation project (50 percent of the final 
grade) is carried out in teams following the CTMTC methodology; 
the project starts in the first classes and is worked on during the 
whole semester. The remaining part of the grade corresponds to 
class attendance. The study examines data collected from two 
different cohorts: 2018-2019 (face-to face course using Moodle 
message boards for team communication) and 2019-2020 (shifted 
to emergency remote teaching due to the COVID19 outbreak and 
using Telegram as communication tool).

B. Participants
The sample of the study is described in Table I. Each cell shows the 

number of students actively participating in the course over the total 
number of enrolled students. Students in the 2019-2020 Computer 
Animation and 2020-2021 Operating Systems courses were also given 
the choice to use message boards instead of Telegram, but all of them 
chose to use Telegram. Participation in the study was voluntary, and 
participating students had to explicitly accept and sign a consent form, 
by which they allowed instructors and the research team to access 
and analyze their data (the Spanish version of the consent form may 
be accessed at https://forms.gle/z9dRvSiQZ1PtZkL97). For research 
purposes, data is anonymized. Students could cancel this agreement 
at any given moment. Participants were also informed that there 
were not risks associated with the study, nor any payment due for 
participation.

From Table I, the number of students in OS doubles the number of 
students participating in CA, which owes to the mandatory nature of 
OS and the difference in the year they are taught (OS in second year 
and CA in third year). 

TABLE I. Student Distribution By Course and Cohort

Course 2018/19 2019/20 2020/21

OS 92/107 105/111

CA 44/52 42/56
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C. Applied Methods
This sub-section describes the research methods of the study, the 

data collection process and a detailed explanation of the methodology 
followed in the courses (CTMTC), as well as particular aspects of its 
application in each of the courses.

1. Methods
The research uses a mixed-methods approach [26], combining 

quantitative and qualitative analysis. The quantitative analysis 
compares the number of messages and individual TWC acquisition 
[21] between academic years across courses (which used different 
tools for team communication purposes) and analyzes the relationship 
between messages exchanged and individual TWC acquisition. The 
analysis involves two-sample location tests to find differences between 
cohorts in both groups, and regression analysis to test for association 
between messages and individual TWC acquisition. 

The qualitative data was gathered from open questionnaires with 
similar questions about both the methodology (CTMTC) and the 
digital spaces used for communication. Two questionnaires were 
delivered: one for courses using message boards (https://forms.
gle/6oFeYxEW6HR5Lohv9) and a different one with specific questions for 
the instant messaging tool (https://forms.gle/51XMURZbEgCAetdd7).

2. Course Methodology

a) CTMTC
CTMTC is a methodology designed to develop TWC. CTMTC 

includes different sequential stages (storming, norming, performing, 
delivery and documentation), adapted from the project management 
area as defined by the International Project Management Association 
(IPMA) [27]. In CTMTC, students develop a project or complex 
learning activity following sequential phases and working as a team. 
To complete the different stages, students must make use of different 
technologies, such as wikis (where they publish their partial results), 
message boards (where they hold discussions about the project), cloud 
storage directories (where they upload the deliverables), etc. [13], 
[28]. The methodology allows for flexibility, as the digital tools may 
be adapted to different settings [4], [25], [28]-[32]. Using digital tools 
makes it also possible for instructors to track and analyze students’ 
interactions; for example, instructors may revise the partial results 
published in the wiki at each phase, or go over what students post to 
the message boards, the documents they upload to the cloud or publish 
in a repository, the number of commits in a version control system, 
etc. These interactions facilitate observation of each team member’s 
participation in every activity and, based on that information and the 
final work delivered, assessment of the individual acquisition of TWC 
by each student. However, accessing and analyzing that information 
is often burdensome, which is why the support of learning analytics 
tools (such as the one used in this study) become necessary [33], [34].

b) CTMTC Application in Operating Systems
CTMTC has been applied to the same assignment (final assignment, 

total weight of 42.25 percent of the total grade) in both cohorts of 
the operating systems course. In the 2018-2019 academic year and 
previous editions of the course, assignation of students to teams was 
open and free (i.e., students freely choose their teammates), and teams 
had between three and four members. Each team had to appoint a 
team coordinator, establish the team’s norms and complete the 
different stages of the CTMTC. Students published the partial results 
in a Moodle Wiki and interacted with the rest of team members in 
Moodle message boards. They could also share and publish their 
results in other virtual repositories, such as Google Drive, Dropbox or 
GitHub. The rubric described in [32] was used for the assessment of 
the learning evidence and individual TWC acquisition.

In the 2020-2021 academic year, a different strategy was adopted. 
While the phases and team assignment did not change, the interaction 
between team members unfolded in the Telegram IM app. This change 
had an impact on the rubric, which was no longer applicable because 
Telegram does not provide information about whether a message is 
read by a specific student; in addition, the notion of short and long 
messages is different in IM Tools and message boards. Therefore, a 
different rubric tailored to the new discussion space [21] was used. 
Despite this change, both rubrics are similar in that they observe the 
partial results in the same way.

c) CTMTC Application in Computer Animation
The application of CTMTC in the computer animation course 

focused on the course project, with a weight of 50 percent of the final 
grade. In the 2018/2019 academic year, the project was developed 
in teams of between 8 and 9 members, and assignment of students 
to groups was decided by the instructors. Students published the 
partial results in Moodle wikis and used message boards to interact 
and discuss. As in the operating systems course, students made use 
of cloud-based software (e.g., Google Drive or Dropbox) to share and 
publish the project’s intermediate documents and deliverables. The 
learning analytics tool analyzed interaction logs from the message 
boards to help understand and assess students’ interactions.

In 2019-2020 academic year, upon realizing that the quality of the 
final outcomes of the project were subpar, the instructors made some 
changes, reducing the number of team members to four, and allowing 
students to freely choose their teammates. Additionally, Telegram was 
used instead of message boards as interaction space. As in the case of 
the operating systems course, the original rubric designed for message 
boards required adaptation to analyze Telegram interactions.

III. Results

A. Quantitative Results
As mentioned above, the analysis compares number of messages 

sent by students and individual acquisition of TWC. Table II 
summarizes the main descriptive statistics.

TABLE II. Descriptive Statistics

Course N Messages 
(mean)

Messages 
(SD)

Indiv. 
TWC 

(mean)

Indiv. 
TWC (SD)

OS
(18-19) 92 29.88 21.58 6.95 1.58

OS
(20-21) 105 167.38 169.70 7.21 2.13

CA
(18-19) 44 73.45 54.56 4.98 2.80

CA
(19-20) 42 160.02 163.22 5.83 3.19

Fig. 1 shows the interaction plots comparing the results of the 
analysis of both cohorts. From Fig. 1, there is an overall improvement 
in individual TWC acquisition and a high increase in the average 
number of messages posted by students.

To test the significance of the differences, the analysis uses 
the ggbetweenstats function of the ggstatsplot package in R [35]. 
Ggstatsplot combines statistical details and graphical output, making 
data exploration simpler and faster. Prior to the analysis, we tested 
for normality of the two variables under study (messages exchanged 
by each student and individual TWC acquisition) using the Shapiro-
Wilk test. Because normality could not be confirmed in the case of 
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number of messages (p<0.05) , it was necessary to apply a logarithmic 
transformation of the variable, which then met the normality 
assumptions. Fig. 2 shows the results of the two-samples location test.

From Fig. 2, the results confirm the significant increase in the 
number of messages, but the analysis shows no significant increase in 
individual TWC acquisition.

We then use linear regression to compare the relationship between 
individual TWC acquisition and messages in each cohort. The analysis 

includes the interaction effect due to the introduction of Telegram. 
Table III summarizes the results of the analysis. 

From Table III, there is a significant positive relationship between 
messages and individual TWC acquisition. Further, the results 
indicate that the influence of number of messages on individual TWC 
acquisition (i.e., the interaction term) is similar across both cohorts in 
the two courses.
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Fig 2. Results of the two samples-location tests of log(Messages) (A, C) and Individual TWC acquisition (B, D) across cohorts of the two courses.
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TABLE III. Results of the Multiple Linear Regression Analysis

Estimate Std. Error p-value

OS (Adj. R2: 0.78)

(Intercept) 0.65 0.44 0.14

Messages 4.57 0.31 0.00

Telegram -1.59 0.58 0.01

Messages*Telegram -0.51 0.36 0.16

CA (Adj. R2: 0.63)

(Intercept) 5.62 1.30 0.00

Messages 6.12 0.74 0.00

Telegram 1.46 1.74 0.40 

Messages*Telegram 1.09 0.93 0.25

B. Qualitative Results
The qualitative analysis explores students’ answers to open 

questions. Participation was voluntary, and the total number of 
replies is shown in Table IV. Questions about CTMTC and different 
software tools other than those relative to interaction and discussion 
spaces were the same across all courses; questions about Telegram 
were asked only to students in cohorts that used this IM application. 
We group the answers by proximity criterion for Q1 (advantages of 
CTMTC), Q2 (drawbacks of CTMTC), Q3 (additional tools students 
used to complete the project) and Q4 (advantages of Telegram when 
compared to asynchronous tools such as message boards). The results 
are presented in a matrix style, as suggested by [36]. 

TABLE IV. Number of Replies to the Questionnaire by Course and Year

Course 2018/19 2019/20 2020/21
OS 72 90

CA 31 22

Table V shows the responses from 40 students (the 10 first answers 
from each course). In addition, it must be noted that 96.7 percent of the 
students highlighted the ease of use of the Telegram bot.

IV. DISCUSSION

The results from this study are in line with previous research. 
From the quantitative analysis, we can observe similarities across the 
courses. For instance, the use of Telegram causes an overall significant 
increase in the number of messages posted by students; the average 
number of Telegram messages in the computer animation course 
approximately doubles that of message boards, and in the operating 
systems course this number is more than five times higher. There are 
two explanations to this finding:

1. The messages sent through IM apps are generally shorter than 
those posted to message boards. Therefore, communicating 
the same content generally entails sending more messages. For 
reference, a message sent through WhatsApp may be considered 
long when the number of characters is greater than 40 [37], [38] 
whereas in message boards long messages contain 150 characters 
or more [28].

2. Students feel more comfortable with tools they use in their 
everyday life, provide instant update notifications and are 
accessible in different devices, particularly mobile devices [39], 
and therefore tend to use them more often. This explanation is 
supported by the students’ answers to the open question about the 
use of Telegram.

In both courses and both cohorts of each course, the results show 
that the relationship between the number of messages and individual 
TWC acquisition is positive and significant. This result confirms the 
findings of [4], [40] and shows that engagement and motivation are 
related to improvement in individual acquisition of TWC [4] and could 
be also related to an improvement in academic performance [41]. 

Despite the 3.7 and 17.0 percent increase in individual TWC 
acquisition in the OS and CA courses, respectively, the analysis cannot 
confirm whether the use of Telegram leads to significant improvement 
in TWC acquisition when compared to the use of message boards. Even 
though further research is necessary to shed light on this finding, we 
may anticipate some potential causes of these finding, which can be 
summarized in four explanations:

1. Issues pertaining to the use of mobile devices and instant 
messaging apps for educational purposes. Although prior research 
highlights the benefits associated with the use of these tools in 
learning contexts, especially regarding student interaction [42]-
[47], they are also known to cause distraction from the task at 
hand [48], [49]. It is possible that this effect is also present in the 
courses under analysis in this study: the results reflect an increase 
in interactions between team members, but the introduction 
of Telegram might have led to students not paying the required 
attention to the group activity. Further analysis investigating the 
number of multimedia messages, emojis exchanged, as well as 
discourse analysis using natural language processing could help 
assess whether interactions were focused on the team activity.

2. Despite the growing use of Telegram, its acceptance is still far 
from that of other widespread applications, such as WhatsApp 
[20]. Therefore, students might feel that they are being forced into 
using Telegram when there is still a practical gap in whether it has 
already been incorporated to their everyday life. Consequently, 
its effectiveness may be reduced. Further research is needed 
to compare the effectiveness of both applications, given their 
differences in user base and features: user ID, group management, 
bots, API access, pools, emojis, keyboards or backup processes 
[50]-[52].

3. Being familiar and proficient with the use of an application for 
personal use in everyday life does not equate to being able to 
take advantage of its potential in educational contexts; in other 
words, being a digital native does not necessarily translate to 
being a digital learner [53]. As a consequence, proficiency in 
the use of a tool in a private context may not be associated with 
an improvement in individual TWC acquisition when using the 
tool in an educational setting. In addition, even though message 
exchanges play an important role in individual TWC acquisition, 
there are other relevant variables influencing individual TWC 
acquisition, such as other evidence of collaboration activity and 
leadership [21]. 

4. Aspects related to COVID19. Prior research suggests that student 
academic achievement improved under emergency remote teaching 
during the lockdown period [54], [55]. However, scholarly research 
has yet to address the effect of the pandemic on team dynamics 
in project-based learning, which might be potentially hindering 
TWC development. The computer animation course in the 2019-
2020 academic year was given online due to lockdown, and the 
operating systems course in the 2020-2021 academic year followed 
a hybrid approach, with half of the groups alternating face-to-face 
and online sessions every other week. Remote learning might 
hamper effective teamwork when this skill is yet to be developed 
by students, and changes in the learning delivery method may 
reduce both the effectiveness of project-based learning and 
student motivation, making it more difficult to adequately follow 
the course. Notably, the change from face-to-face instruction 
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TABLE V. Selection of Responses to the Open Questions, Classified in Categories 
OS1-XX: Operating Systems, 2018-2019 Academic Year; OS2-XX: Operating Systems: 2020-2021 Academic Year 

CA1-XX: Computer Animation, 2018-2019 Academic Year; CA2-XX: Computer Animation: 2019-2020 Academic Year

Course Q1 (CTMTC Advantages) Q2 (CTMTC Drawbacks) Q3 (Other tools) Telegram

CA1-01 Working together and planning the tasks Some people do not know to work in teams - -

CA1-02 Distributing workload Peers’ responsibility Version control systems -

CA1-03 Learning in groups and from others Group size WhatsApp, Skype, Telegram -

CA1-04 All tasks planned and organized Initial effort - -

CA1-05 Distributing workload Use of message boards as communication tool Other messaging tool -

CA1-06 Knowledge Sharing Agreement with peers - -

CA1-07 Importance of coordination Effort required by all Other communication tools -

CA1-08 Working in groups Coordination effort - -

CA1-09 Seeing the whole work Dependent on how your partners work Other than message boards -

CA1-10 Individual participation in teamwork
Message boards are a bad choice for 

communication
- -

CA2-01 Learning how to work in a team Coordination effort - Useful and easy to use

CA2-02 Working distribution Differences in engagement among team members - Very straightforward

CA2-03 Knowing other opinions and solutions Difficulty to reach consensus - Instant messages

CA2-04 Learning from peers - - Used in my daily life

CA2-05 Good for planning Following all the stages Drive I would prefer WhatsApp

CA2-06 Procedure to work in groups - Trello Good for communication

CA2-07 Distributing responsibilities Higher workload Discord Better than message boards

CA2-08 Addressing more complex projects as a group Distribution of responsibility - Direct notifications

CA2-09 Finding better solutions Effort to work as a group Skype Mobile use

CA2-10 Easier to reach a solution Involvement and consensus Discord Quick to read and answer

OS1-01 Working as a team Peers not completing their tasks - -

OS1-02 Addressing big projects Documenting the progress A better messaging tool -

OS1-03 Learning how to work in a team Difficulty to coordinate - -

OS1-04 Distributing effort - IM tools (e.g., WhatsApp) -

OS1-05 Structuring the work and fostering team 
members participation

Reporting the work done Telegram -

OS1-06 Easy method that facilitates coordination Mandatory use of message boards - -

OS1-07 Facilitating planning and report of work Initial understanding  of the methodology WhatsApp -

OS1-08 Individual assessment of team members work Unsuited for large groups Version control systems -

OS1-09 Proper distribution of the workload Coordination effort - -

OS1-10 Facilitates the coordination between team 
members

Moodle message boards hindering natural 
conversation

Instant messaging tools -

OS2-01 Easy to apply - Discord
Easy to follow with daily 

life tools

OS2-02 Workload distribution - Discord Better than message boards

OS2-03 Reporting the work done as a team -
Discord, WhatsApp, Notion, 

Repl.it, GitHub
Comfortable and convenient

OS2-04 Coordination to work together - Skype Easy to use and mobile

OS2-05 Structure the work applying a method Reporting may be hard Repl.it para, Notion Goodnotes
Better than a message board 

and multidevice

OS2-06 Assessing individual contributions Reporting Discord
A common and accessible 

tool

OS2-07 Working together Describing the work done - Better communication

OS2-08 Distributing work and assessing it individually - Discord
More natural and dynamic 

communication

OS2-09 Work organization and tasks distribution - -
Instant messages and 

notifications

OS2-10 Planning the work - -
Easy access to information in 

mobile phones
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(academic year 2018-2019) to hybrid sessions (academic year 2020-
2021) caused a rise in student participation of the course, from an 
average number of students completing the final assignment of 79 
percent in 2016-2017 (not considered in the study) to 88 percent 
in 2018-2019 and a whopping 97 percent in 2020-2021. In previous 
editions, students who were not participating or were reluctant 
to participate generally did not submit the final assignment, but 
in the 2020-2021 cohort almost all enrolled students submitted 
the final assignment. Consequently, lower quality projects that 
were organically filtered out in previous editions were delivered 
in the most recent course, potentially lowering the average final 
grade. In addition, other covariates related to decisions about the 
instructional design might be affecting the results (e.g., different 
group sizes and instructor-led versus free choice in group 
configuration) [32].

From the results of the qualitative analysis, the results are in line with 
findings from previous studies where CTMTC was applied, regardless 
of the communication tool [29], [32]. All participants mention 
advantages of the methodology, but one quarter of all students did not 
find any disadvantage in the application of the methodology. Students 
highlight benefits associated with project management, planning, 
workload distribution, reporting and assessing the individual and 
teamwork. All these aspects are related to teamwork behavior [12], a 
necessary condition for TWC acquisition.

Regarding disadvantages, 16 percent of students identify the use 
of message boards as a problem, 40 percent state that more effort, 
coordination and reporting is necessary when applying CTMTC, 
and the rest of students point at potential issues related to workload 
distribution and individual team members not being able to complete 
the tasks they are assigned in due time.

When observing the use of additional tools, 40 percent of respondents 
did not seem to need other supporting software or applications. From 
the remaining 60 percent, three-quarters suggested the adequacy 
of replacing Moodle message boards (in the cohorts where this tool 
was used) for IM applications. Alternative digital communication 
systems used by students include Discord, Skype, and WhatsApp. The 
remaining responses mention collaborative platforms for document 
sharing, such as Google Drive; Version Control Systems or Repl.it for 
code sharing; or Trello and Goodnotes for work organization purposes.

The opinion of the students about Telegram (in the cohorts 
where it was used) may be summarized in that they find that 
Telegram is a straightforward tool, simple but powerful enough, 
with the added benefit that it is compatible with their everyday 
life and accessible via mobile phones. Students also find positive 
aspects in bot-based group management and that they do not need 
to share their personal information.

V. Conclusion

Teamwork is a highly demanded competence by the labor market 
and has gained relevance in education. This makes it necessary 
to assess whether students acquire TWC during their academic 
education. Assessment of TWC may be performed by observing 
student interactions when they work in teams. The observation 
of these interactions may be biased when students communicate 
through spaces that do not feel natural to them; therefore, for real 
and natural interaction to occur it is worth considering whether the 
tools and devices students use are compatible with and integrated in 
their everyday life. Additionally, assessment of student interactions 
when working in teams is a time-consuming task, especially in 
classes with high number of students. This study included the 
results from the application of a learning analytics tool to facilitate 
assessment of individual TWC based on student interactions across 

two courses and two different communication systems (message 
boards and IM applications).

The main conclusions of the study are that: 1) it is possible to collect 
and analyze messages of students in IM applications, such as Telegram, 
as well as to design learning analytics tools with that purpose to facilitate 
instructors’ monitoring and assessment of students; 2) students use 
and accept IM applications in a more natural way than other systems 
that have traditionally been in place for communication in learning 
environments, such as message boards; a benefit of IM applications 
is that they are multi-device applications that provide students with 
instant notifications and are more compatible with their lifestyles; 3) 
CTMTC is flexible enough to be directly applied or easily adapted to 
different educational contexts and tools; 4) student participation (as per 
number of messages) has improved with the introduction of Telegram in 
the courses, which might reflect higher involvement and engagement; 
5) the results confirm the strong positive relationship between 
messages sent and individual TWC acquisition; and 6) the research 
finds contrarian evidence about the positive influence of IM apps use 
over message boards as team communication and discussion spaces 
[21]. The study discusses some of the reasons that could help explain 
this finding, including the effects of lockdown due to the COVID19 
pandemic outbreak, but further research is required to address this issue. 
Future research should explore other potential educational applications 
of Telegram in the same courses, beyond the COVID19 context, as well 
as compare the effects of using different IM applications.
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