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In the last fifteen years communication paradigms have radically changed. From relations mostly based on synchronous
and face-to-face conversations, to formal emails and phone calls and, today, videoconferences and different asynchronous
chat mobile applications. This change has also affected higher education, where many innovative strategies and
instructional tools enabling communication among students and with professors, have been implemented. The final
objective of all these mechanisms is to increase the impact of the tutorial action, thanks to a fast and continuous
interaction with professors and the collaborative learning among students. However, informal observations seem to show
that some tools and/or strategies are more successful than others, depending on the teaching and learning methodology.
Therefore, this paper aims to study the impact of different communication tools and strategies in the higher education
students’ learning, including academic results, motivation competence acquisition level. We are focusing on blended and
online methodologies, as they are implemented in most current engineering degrees. The study considers five subjects
analyzed during three different courses. Four different communication instructional tools were also studied, including
forums, emails, Telegram and Discord. Besides, four different communication strategies were also considered. Results
were evaluated using statistical methods. Results show the improvement in the students’ learning is especially relevant
when chat applications and immediate responses are provided in the context of online teaching methodologies. In blended
methodologies, on the other hand, chat applications are clearly preferred too, although improvement may be achieved
with almost any tool.
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1. Introduction

The successive technological and social revolutions
suffered in the last forty years have totally changed
the way people communicate and, even, live [4].
From a society primarily based on face-to-face
synchronous conversations, and some other costly
and slow communication methods (such as physical
advertisements or traditional mail), we have
evolved to a scenario clearly dominated by digital
services [22]. While the old traditional methods
introduced large latencies, so the communication
process had to be designed to be very effective and
take place at the optimum moment; the new digital
services are characterized by a very reduced cost
(even a part of the population feels they are for free)
and their immediacy and total availability. These
characteristics have increased the Quality of
Experience of users but have penalized other com-
munication methods such as email or phone calls,
that are transition tools between the most tradi-
tional and the current digital situation. Today, most
of these mechanisms are restricted to formal and
professional communications, and although the
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2020 COVIDI19 pandemic strongly promoted the
use of videocalls [7], this impact appears to be
transitory.

This change has also affected higher education,
but in a more relevant way considering the nature of
communication among students and between pro-
fessors and students. Although some tools are being
replaced by others with higher efficiency and lower
cost is part of the communication evolution; the
transition to innovative digital services is disturbing
the traditional structure of communication in
higher education scenarios [30]. In higher educa-
tion, communication flows are sparse, very clear,
and high-quality. Official sources (such as profes-
sors or delegated students) are not very numerous
and act as authorized voices in their context. On the
other hand, digital services promote a worldwide
connection, where all actors have the same rele-
vance. Thus, information flows are continuous,
very numerous, difficult to manage, typically inef-
fective, and, many times, low-quality. The propaga-
tion of fake news or rumors is very difficult to
prevent, and the caused disinformation situation
very difficult to reverse [15].

However, the use of these new digital instruc-
tional services in higher education is increasing.

* Accepted 20 April 2023.
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Even, for some tools, their use is completely massive
[6]. Tools such as chat mobile applications (Tele-
gram, WhatsApp, etc.) have replaced other very
popular instruments in the past, such as emails or
physical advertisements, in the students’ lives.
Thus, tutorial actions based on synchronous meet-
ings, emails, etc. do not satisfy the expectations of
students, and they consume other non-official
sources [5]. To improve this situation and support
continuous and fast interaction between professors
and students (and between students), the tutorial
action has also incorporated instructional tools
such as Telegram or social networks [14]. The
final objective is to present the authorized voices,
fighting against fake information. Nevertheless, the
use of these instructional tools also causes a colli-
sion between the professional and personal planes,
a situation that is not well tolerated by all students.
In addition, professors and students, often, cannot
communicate efficiently their messages, as the
number of information flows is numerous, and
they do not have any privileged situation among
this avalanche of data. In this context, some institu-
tions are more conservative and only allow students
and professors to interact through formal mechan-
isms such as private and moderated forums, email
or official communication platforms. However, this
option does not solve the problem, as the tutorial
action gets degraded, and students create parallel
communities where the professor is absent, and the
information is low-quality.

On the other hand, the use of any of these
instructional tools requires a clear strategy. As the
number of students to be managed increases, the
tutorial action may turn into a very costly activity,
which may not be performed by the professors.
Although some institutions have created special
offices for this task [21], in other cases professors
must define a strategy that controls the impact of
the tutorial action on their schedule. However, the
final results of the global teaching methodologies
are not agnostic to the implementation of these
communication strategies and tools and the perfor-
mance of the tutorial action. Especially in those
cases where blended and on-line methodologies are
employed (which is the most common case in
engineering education). Therefore, a very complex
balance must be found for every particular sce-
nario.

In general, informal and qualitative observations
show a variable behavior and results depending on
how the tools, communications strategies, and
global methodologies are combined. However, a
deeper and more formal analysis is needed before
reaching any conclusion.

Therefore, in this paper, we describe several
different, but complementary, experiences focused

on analyzing how the use of the various commu-
nication tools and strategies impact in the global
performance of blended and online teaching meth-
odologies. During several consecutive courses, four
different communication tools were studied, includ-
ing forums, emails, Telegram, and Discord. Addi-
tionally, four communication strategies were also
considered. Five subjects using various blended and
online methodologies were analyzed from 2018 to
2020. Different degrees in the computer sciences
and engineering area were considered.

The rest of the paper is organized as follows.
Section 2 describes the state of the art in commu-
nication tools and strategies in Higher Education
and the related reported experiences; Section 3
describes technically how the different tools and
strategies work and how they were employed by
students and professors. Section 4 describes the
experimental methodology, the context of the pro-
posed experience, and the experimental results.
Section 5 concludes the paper.

2. State of the Art on Communication
Tools and Strategies. Reported
Experiences

The fast evolution of communication paradigms
and the incredible transformation of society caused
by these changes have made research on commu-
nication tools and higher (and engineering) educa-
tion very popular in the last twenty years. However,
traditional works on how asynchronous commu-
nication instructional tools can be integrated in
engineering education [17] and how they impact
the performance of students [37], transformed in the
last ten years in practical reports on educational
experiences based on specific communication tools
[18]. From web 2.0 and social network ecosystems
at the beginning [33], to current experiences based
on intelligent environments [1] and corporate team
tools (such as Slack) [26]. Nevertheless, all these
experiences are usually based on observations for a
limited amount of time (some weeks) and pilot
groups where only a few students are integrated
[29]. In general, larger studies are needed to extract
more solid and deeper conclusions. Despite this
fact, the state-of-the-art includes several works on
how to improve tutorial action in higher education
through innovative communications tools.

One of the most studied instructional tools are
social networks. Probably the first social network
used as communication and educational tool was
Facebook [16]. In general, reported experiences
about Facebook and engineering education
employ Facebook groups as a Learning Manage-
ment System (LMS) [38]. However, most of these
experiences are limited to the Anglo-Saxon world
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(USA and UK) [10], where students are more
familiar with this tool than in Europe or other
regions. Thus, the validity of the reported results
in other contexts is not confirmed. The results show
as the main advantage the possibility of managing
and communicating with large communities (more
than 200 students) in a very easy manner [11].
However, the benefits for students are much less
clear. On the one hand, it is a complex tool and
some discrimination situations happen against stu-
dents who are not users of this social network and
who present more difficulties in communicating
[25]. However, students are worried about their
privacy, as all personal information is available in
these kinds of Facebook groups [9]. In fact, due to
these unsolved problems, experiences with Face-
book indicate a declining trend over time [10].
Another very popular social network to be used
as communication tool in higher education is Twit-
ter. In this case, experiences in different geographi-
cal areas have been reported, from Europe to the
United States [35]. However, the results show a
clear dependency on the cultural and geographical
context [13], and while American students under-
stand Twitter as a professional tool, Spanish stu-
dents feel it as an entertainment environment [35].
Furthermore, messages on Twitter are searched and
classified in a very difficult way, so students tend to
consume personal, media, and educational
resources together, what penalizes their learning
[13]. Finally, some privacy-related problems
reported within Facebook experiences are still pre-
sent in Twitter (as well as in most social networks),
so the use of Twitter in engineering education also
seems to decline [32]. Actually, although some
experiences based on more modern social networks,
such as Instagram [3] or TikTok [12], have recently
been reported, they are very sparse. Only in artistic
disciplines, where those platforms are relevant tools
to share media content, their use seems to be
effective [12]. In any case, most of the reported
experiences are very limited, and they consider a
reduced number of participants and a short dura-
tion. Furthermore, most relevant community
movements involving post-teenagers, such as Dis-
cord servers or Twitch have not been analyzed.
Classic communication instructional technolo-
gies such as email have also been studied in great
detail. In general, email is perceived as a more
distant and impersonal communication channel,
so studies on how this technology impact in the
students’ motivation and the effectiveness of mes-
sages are common [36]. In general, the results show
that students feel more motivated when they can
interact synchronously with professors. To address
this problem, chatbot-based tools have been imple-
mented in engineering courses [8], but although the

immediacy satisfies students, the quality of interac-
tions is poor. On the other hand, communication
strategies related to email and tutorial action have
also been investigated [2]. Specifically, the impact of
“silence periods” on the learning process is
analyzed [2], showing that they can promote the
autonomous learning. As an evolution of these
instructional tools, corporate ecosystems such as
Slack have been studied as communication tools in
higher education courses [26]. The results show that
these innovative tools are more valued than email
by students [19], but it is not clear whether this
improvement causes better learning or if it is more
relevant than the improvements achieved by other
tools and strategies. In addition, experiences are
very limited to extract relevant conclusions. On the
other hand, mobile chat applications (as natural
evolution of email solutions) have barely been
analyzed. Only a few very recent works address
the use of Telegram or WhatsApp in higher educa-
tion [31], without relevant conclusions and with
very limited validity as they are focused on pan-
demic and lockdown situations.

Finally, different ad hoc instructional commu-
nication tools and strategies have been implemen-
ted in higher education courses and reported
experiences. However, the results tend to be quali-
tative [34], and more focused on identifying trends
and challenges [20] than evaluating the improve-
ment in student learning. Other works identify
procedures for implementing new ICT (information
and communication technologies) into higher edu-
cation contexts [23]. However, in general, new
quantitative studies considering longer analysis
periods and comparative experiments among dif-
ferent tools and strategies are required. This work
fills this gap.

3. Proposed Communication Instructional
Tools and Strategies

In order to improve the quality of the tutorial
actions in engineering courses, different communi-
cation instructional tools and strategies may be
employed. In this research, we are considering
four different tools: forums, emails, Telegram, and
Discord. All these instructional tools cover a large
catalogue of communication paradigms, including
synchronous video calls, direct (or personal) chat
conversations, generic public advertisements,
group or collaborative discussions, and formal
messages, among others. On the other hand, all
these tools can be managed following different
strategies. In this experience, four different commu-
nication strategies were implemented and evalu-
ated. Namely: immediate response, best effort,
periodic interactions, responses as the last option.
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These strategies range from full availability and
dedication to the tutorial action, to mechanisms
based on everybody doing its best, and schemes
where professors only communicate if it is abso-
lutely essential. Different subsections describe each
tool and strategy. All of these instruments have
been integrated into a more general blended or
online learning methodology (the most common
in engineering courses) described in Section 4.

3.1 Communication Instructional Tools: Technical
Description

Although many different communication instruc-
tional tools, with several capabilities and technolo-
gical support, are available for higher education
professors and courses, in this work we are focusing
on those tools with a large presence in civil and
general society. Application-specific solutions are
not addressed in this experience, as they are difficult
to implement in various contexts, subjects, and
institutions. This research aims to provide a long-
term, transversal study of communication tools and
strategies in engineering education, so tools with
long-term support and a technical maintenance
policy are essential. In this context, commercial or
corporate instructional instruments meet these
requirements. In addition, no student should be
excluded because of technical or economic issues.
Thus, all employed tools must be multi-platform, so
students can employ them using laptops, smart-
phones, or any other infrastructure they have.

The present knowledge of online and blended
methodologies clearly indicates that the instruc-
tional tools employed, to be efficient, must allow
students to acquire concrete and abstract learning
and competencies [48]. Dale’s cone of experience
[47] describes the activities to be enabled by effective
instructional tools. But, depending on the teaching
methodology, some of these activities may be
organized through other tools or in person. And
students feel more engaged by tools that are easier
to use, with no duplicated functionalities [50]. On
the other hand, tools based on remote instruction
tend to make students feel disconnected. And most
recent theories about online learning show that a
synchronous component is always required [49].
Activities that can be performed with each tool,
and the way in which they could be organized, must
be carefully analyzed to identify the instruments
that would improve the students’ learning and
under what circumstances.

Four different instructional tools were consid-
ered in this experience: forums, emails, Telegram,
and Discord. While forums and email are provided
and supported by higher education institutions as a
corporate resource, Telegram and Discord are
popular commercial technologies with great pene-

tration among young people. Telegram is a mobile
chat application and Discord is a web 2.0 tool
similar to an enhanced social network.

3.1.1 Moodle Forums

All higher education institutions that participate in
this experience implement Moodle as a corporate
Learning Management System (LMS). On this
platform, all subjects, professors, and students are
provided with a private space where all resources
related to the course are available, including study
material, evaluation activities, administrative infor-
mation, etc. The referred space is managed by
professors, although the global Moodle platform
is maintained by the IT (information technologies)
services from each institution. Different universities
may customize the Moodle platform in a different
way, as it is an open source, free solution. However,
despite the different front-end or user interface, all
Moodle platforms considered in this experience
have the same functionalities.

In general, Moodle offers a catalogue of capabil-
ities or resources, which professors may integrate in
the private space dedicated to every course, and
where professors and students interact together and
among them. One of these resources is a forum.

A Moodle forum is a public space where all
students and professors can post messages, creating
hierarchical conversations. Communication is
totally asynchronous. All participants may open
new conversations, which are displayed in chron-
ological order as a FILO (First in, Last out) stack,
i.e. oldest conversation as displayed at the bottom,
while most recent topics are placed at the top. The
title or name of each conversation typically specifies
the topic addressed in the conversation, although
there is no instrument available to control or ensure
that it is available. It depends on the behavior and
commitment.

Moodle forum can be read and edited through a
web interface or the Moodle mobile application, as
can be seen in Fig. 1a. In addition, in this figure the
different options to customize the messages are
shown. In general, all HTML labels are available,
including bold, italic, different font sizes, embedded
images into the text, different text alignments, etc.
This can help users to highlight some ideas, create
quite long responses that are readable.

Although sometimes new messages in Moodle
forums may be notified through an email message
to all users, in our experience, we are not consider-
ing this functionality, as email technologies are
studied in a separate experiment. To help students
and professors to learn when a new message has
been published, in the right lateral menu, a list with
the new responses and conversations since the last
connection to the Moodle platform is shown. How-
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Fig. 1. (a) Moodle forum as implemented in the proposed experience (b) Webmail as provided and employed in this experience (c)
Telegram web (left) and desktop (right) interfaces (d) Discord basic interface.

ever, nobody receives a confirmation when its
messages are read.

In addition, messages may be edited by authors at
any time. Typically, for the first fifteen minutes, any
new message is blocked, just in case the author
decides to make any change before publication.
After that time, messages are published, and all
users may see the original message and all future
updates.

Moodle and other LMS would facilitate and
improve the students’ learning as they present
content in a structured manner, so Moodle
forums can be easily used as knowledge repository
and abstract activities in the top of the Dale’s cone
(such as view images or read) are enabled. However,
knowledge retention is higher if collaborative les-
sons are allowed, too [51], and young students feel
that additional collaboration functionalities are
needed on Moodle forums [52]. The final enhance-
ment in the students’ learning would depend on
how the teaching methodology provides additional
instruments and opportunities for peer-to-peer col-
laboration.

3.1.2 Corporate Email

Together with Moodle as a corporate LMS, all
universities involved in this study provide students
and professors with a corporate email. This email,

in fact, is the official method to communicate with
people (specifically professors). In this context, all
professors are provided with an online space where
their official contact information is displayed.
Although this information also includes a land
telephone number, in this experiment we are not
considering this technology, as it is clearly unused.
Professor may be located through a specific brow-
ser. Furthermore, this information is also displayed
on different websites (such as the Department’s
page), but no official support or guarantees for
long-term maintenance are provided. As is well
known, email is an asynchronous communication
method.

The official email system is technically supported
by servers hosted by universities and accessed
through a webmail interface. Although all these
accounts may be integrated in different email clients
and messages may be forwarded to other accounts
(such as a Google account), in this experience we
are only using the official webmail system, as it is the
only one with universal access for all participants.
The webmail system has two different visualizations
(see Fig. 1b): desktop and mobile device; although
no native mobile application is provided in this
case, only web connections are allowed.

The webmail application and email system
manage messages in two formats: plane text and
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HTML pages. If HTML pages are selected in the
drop-down menu (see Fig. 2), a new contextual
menu appears with all traditional functions: text
alignment, bold font, images to be embedded, etc.
In addition, in this case, users may select two
options that can be selected by users: return receipt
and delivery status notification. If return receipt
option is activated, when email is opened by the
receptor, a pop-up window allows him to send a
message to the sender, confirming the email has
been read. However, the receptor may deny his
permission, and no confirmation message is sent.
On the other hand, the system when the message is
delivered to the receptor account. However, no
information about if the user has opened or read
the message.

Although other email solutions give a time to
recover the email before it is definitely sent, this
functionality is not available in these corporate
emails. Any rectification needs a second message
to be sent. Finally, this corporate email system
allows sending attached files (all formats are
allowed) up to 25MB in each message.

From a logistic point of view, although students
can easily locate the professor’s email address, it is
quite complicated for professors to learn about the
students’ addresses. No repository is provided, and
professors must manage to get all addresses from all
their students if they want to use this communica-
tion tool. Besides, distribution lists and other simi-
lar instruments making easier the communication
process must be also maintained by professors.

These logistics limitations make collaborative
work very difficult via email. And then, this instruc-
tional tool is not generally used as the primary
learning vehicle but as a way to empathize with
some key information or topics [53]. However, for
courses where competencies and experiences in the
middle levels of the Dale’s cone (such as writing) are
the main component, the email would help students
to improve their learning and feel more engaged
and developed [54] as this instruction tool is speci-
fically designed for these activities. Some cultural
issues related to formal communications may arise
and decrease the students’ learning [55], but we have
not detected this problem in our educational con-
text.

3.1.3 Telegram

Telegram is a mobile chat application, one of the
most popular in the world. Telegram messenger is
an application for instant messages, file sharing,
and massive communications. Although Telegram
is integrating other functions such as bank transfers
or cryptocurrencies, in this experience we are only
employing and focusing on the communication
options. Messages in the Telegram are stored in

cloud, although they can be hidden if desired. Any
message may be configured to be forwarded or
removed after a certain time. In addition, by using
a search tool, any user may go through all their
messages. Additionally, videocalls are also sup-
ported, face-to-face, or in a group.

Different communication options are available
on Telegram. From traditional chats where all users
may intervene and publish messages, to diffusion
channels where only some authorized people may
publish relevant news and announcements. In addi-
tion, Telegram supports bulletins and voice chats
(for those people with writing or reading difficulties,
such as blind students). There are no limits to the
number of participants in any chat. Furthermore,
privacy configurations are independent for each
communication channel. In this context, a very
relevant functionality to address student privacy
worries is the possibility of defining an alias. An
alias is something similar to a username in Telegram
that enables people to look for people without
sharing the personal phone number, just through
the alias. On the other hand, students may show
their profile photo only to some contacts, so their
privacy is completely preserved.

All chats and diffusion channels are asynchro-
nous, although synchronous video calls are also
available. During this experiment, professors
could employ this functionality if they wanted,
but students couldn’t. Additionally, professors
can create surveys for participants in any chat or
diffusion channel. Students could only respond to
the surveys proposed by the professors.

Although Telegram is a native mobile applica-
tion, there is also a web version and a Desktop
application, as shown in Fig. 1c. All participants are
free to choose the Telegram client that best fits their
needs. In any case, all clients offer the same func-
tionality. Messages do not have format, and only
plane text is allowed. Although images and other
files can be shared, it is not easy to create complex
text structures in Telegram (with alignment,
images, etc.). On the other hand, files up to 2GB
may be shared (all formats are allowed).

On the other hand, senders are notified when their
messages are received and read through a simple
and a double check, placed together to the message.
Although users could turn off this functionality,
professors kept it activated during the experience.
When there are more than two users in the chat, you
can see the individual information for each partici-
pant. Also, messages can be removed, but not
edited. Although Telegram offers the ability to
edit any message where you are the author, this
option actually sends a new message.

In a more technical approach, Telegram uses the
Mobile Transport Protocol [27] to manage,
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encrypt, and transport messages, contacts, and
metadata. It was specifically designed and devel-
oped for Telegram, although it is an open standard
based on Java technologies. Thanks to this new
protocol, messages in Telegram are end-to-end
encrypted, identifiers are independent from the
IMEI (International Mobile Equipment Identity)
number (associated to specific devices), and files of
any size and format may be transported.

From a logistic point of view, professors may
distribute an invitation link among students (for
example, writing it down on the blackboard the first
day), so there is no need to collect individual data
from students (which makes easier to manage large
groups of people).

Telegram would significantly increase the stu-
dents’ learning thanks to its focus on collaboration.
Nowadays, Telegram has become an innovative but
very popular instructional tool to increase the peer-
to-peer interactions in online and blended meth-
odologies [56], so students do not feel disconnected.
In general, students accept Telegram as an official
instruction tool easily [57]. And it increases its
engagement, as Telegram facilitates mobile learning
and the ubiquitous presence of educational content
and activities [58]. However, this tool presents some
problems related to the writing communication and
related experiences in the Dale’s cone. Existing
knowledge confirms some students Telegram is an
instructional communication tool and get dis-
tracted or informal, affecting the learning of the
entire class [59]. The teaching methodologies should
be aware of this problem and deploy countermea-
sures.

3.1.4 Discord

Discord is a freeware messaging service, including
voice chats, text chats and videocalls. Although it
was designed as a platform for the videogame
community, it is a general-purpose solution. It is
one of the most popular communication tools
among young people, including college students.
Currently, Discord servers (as they are named the
Discord communities) have separated channels for
voice calls (synchronous communications) and text
chats (unsynchronous communications). Of any
channel type, an unlimited number of those may
be created. Discord also allows sharing the screen
and/or a video stream in real time. Thus, different
conversations may take place at the same time
without any conflict. Besides, any user may select
the conversation he wants to participate in at any
time and dynamically.

Discord functionalities are simple but very con-
figurable (see Fig. 4). Privacy is totally preserved as
no personal information is shared, just a username
(common to all servers where the user is involved).

Messages on text channels in Discord cannot be
edited or removed, but files of any format may be
shared. Also, messages can be fixed, so they appear
at the top of the channel and in the top menu, as
shown in Fig. 4. This functionality is useful for
relevant information, as chats tend to accumulate a
huge number of messages as time passes. On the
other hand, the channel can be silenced, and differ-
ent threats can be defined within a text channel,
such as #education in Fig. 1d.

Two clients may be employed to connect to
Discord servers: web interface or a desktop applica-
tion. In both cases, at the technical level, web
technologies (JavaScript) are employed as a pro-
gramming language. Although when using the web
interface native technologies are employed, desktop
applications need the Electron framework to
develop graphic interfaces in executable applica-
tions using web solutions such as Node.js and
Chromium. The system shows good Quality-of-
Service thanks to a solution such as Opus codec
(audio data format), characterized by a very
reduced latency.

In general, Discord is a free service and open-
source software, although some functionalities
(known as Discord Nitro) require payment. In
this experience, these functionalities are not con-
sidered. Among the free functionalities, one of the
most used ones is the intelligent searcher, making it
possible to navigate through the messages in the
text channels. Using commands, different search
options and criteria may be selected: time periods,
type of content, etc.

Through the lateral menu, the list of users in the
server and their state (connected, absent, etc.) may
be seen. However, there is no confirmation that any
user has read or not by any user. Messages have no
format (just plain text), although images can be
embedded in messages.

Identically to the Telegram chats, from a logistic
point of view, professors may distribute a Discord
invitation link among, so there is no need to collect
individual information. This makes Discord solu-
tion much more efficient than email, for example.

Discord is the instructional tool that achieves the
most significant student engagement. As Discord
allows students to not only write messages, but also
voice channels and video streaming, they feel more
engaged and connected thanks to this synchronous
component [60]. Using Discord, all activities in the
Dale’s cone can be performed, so students’ learning
would improve significantly. Collaborative knowl-
edge exchange would also improve according to
existing evidence [61]. In addition, students adopt
Discord as an instructional tool very easily and
quickly create learning communities [62]. But this
is the main disadvantage of Discord. For students
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Table 1. Context description for the different subjects

IT staft. All students
are registered by
default.

distribution lists

containing all students.

invitation link can be
massively shared.

Tool Moodle forum (LMS) Corporative email Telegram Discord
Tool owner University University Private company Private company
Technical Only written messages. | Only written messages. | Encrypted chats. Text and voice channel
functionalities Enriched text. Enriched text. Voice and written Video streaming and
Messages in a FILO messages. file sharing
list. Image and file sharing.
Logistics Managed by University | There is not a general An anonymous An anonymous

invitation link can be
massively shared

Advantages for
students’ learning

Activities related to
reading and data
repositories are
improved.

Formal writing is
enhanced, and key
information easily
highlighted.

Collaboration is
promoted. Facilitates
the mobile learning and
the students’
connectivity.

Students’ engagement
is promoted. Learning
communities are
established.

Disadvantages for
students’ learning

Collaborative lessons
difficult to implement.

Collaborative lessons
difficult to implement.
Sounds, images, etc.
are difficult to share.

Students get easily
distracted and
informal.

Requires a large
synchronous and
permanent activity.

with an episodic participation, Discord is not easy
to adopt, as it requires a synchronous and perma-
nent participation. Depending on the specific teach-
ing methodology and how it mitigates the flaws of
Discord, the advantages or disadvantages would be
more relevant.

Finally, Table 1 shows a comparative study of all
the proposed instructional communication tools.

3.2 Communication Strategies

In general, communication behavior is independent
of the selected communication tool, although some
tools are designed and promote certain attitudes
more than others. Any communication strategy
depends on several variables, such as the use of
language, figures, colors, and formats (when writ-
ten communications are involved), or the scenario
and camera configuration in videocalls, among
other things. However, in the higher education
context, most of these variables cannot be con-
trolled: a very technical language is mandatory,
infrastructure is usually configured and managed
by specialists, not by professors (who are just users
of these systems), and other materials such as
figures, or colors, are not available in all contexts
or subjects.

In that way, the main variable that defines the
communication strategy in higher education is the
response time, or the response strategy. Although
almost an infinite number of different strategies
may be configured only considering the response
time, the state of the art has typically considered
four possibilities, ranging from the shortest
response time to the longest values. In general,
these strategies are considered exhaustive and
enough to evaluate and represent all possible situa-

tions. These strategies are immediate response, best
effort, periodic interactions, responses as last
option.

3.2.1 Immediate Response

Ideally, with this strategy, professors would be fully
available to respond to students’ messages, calls,
etc. The response time will be negligible, and the
professors’ intervention will be very strong. No
response from any other user would be faster, so
all questions will have an immediate and official
answer. From a theoretical point of view, this
strong presence of official information will reduce
the risk of rumors or false information. However,
this ideal implementation is almost impossible to
reach, as rarely is a full team of people available to
monitor communication channels 24 hours every
day, seven days a week. And in asynchronous
communications, no one has control about when
a message will be received.

Thus, in practice, this strategy was implemented
in the following way. Two time periods were defined
within each day. From 8am to 9pm (local time), the
professors ensured a response time below thirty (30)
minutes. At any other hour (from 12am to 8am and
from 9pm to 12am), no response will be sent until
8am (the next day). These periods coincide with the
university schedule, when the buildings are open,
and classes are running. So, students are used to it
and includes 90% of study time (when they tend to
use the communication channels and the tutorial
resources). Regarding the maximum response time
(thirty minutes), it was established considering the
average duration of professors’ meetings, classes,
and similar obligations. Thus, it is a value that may
be assumed by all professors. In the same way,
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professors were only available five days a week
(Monday to Friday). During the weekend, no
response was sent until next Monday at 8am.

As a disadvantage, with this practical implemen-
tation, a higher risk associated to rumors and fake
information is generated.

3.2.2 Best Effort

In the best-effort communication strategy, profes-
sors have the responsibility to answer messages and
calls as soon as they can. In this case, no specific
criteria or maximum response time is specified, but
all professors must do their best to response in the
minimum possible time. In general, this is the
strategy used by most professors in their profes-
sional life by default. This scheme, depending on
how each professor schedules its work, may also
consider weekends and/or the nighttime as an
available period for answering questions and com-
municating with students. However, in order to
guarantee that the different strategies are compar-
able, and the experience does not depend on the
professors’ schedule, we define some mandatory
rules.

As in the previous strategy, two time periods were
defined within each day. From 8am to 9pm (local
time), professors will do their best to answer ques-
tions and communicate with students as soon as
possible. At any other hour (from 12am to 8am and
from 9pm to 12am), no response will be sent until
8am (the next day). An identical reasoning to the
one proposed by the “immediate response” strategy
supports these decisions. In the same way, profes-
sors were only available five days a week (Monday
to Friday). During the weekend, no response was
sent until next Monday at 8am.

In addition, regarding synchronous videocalls,
professors will answer only one call each time. Once
a videoconference has started, no more students are
allowed unless they were initially invited, and they
were just delayed. If any other student needs to
communicate with the professors in a synchronous
way, he must wait until the previous call has
finished. Eventually, professors may schedule the
call at a different time if that the best they can do.

3.2.3 Periodic Interactions

This approach is the most traditional one, as it is the
basic communication strategy for tutorial action
when no technological tools are employed, and in-
person meetings are the only way to interact with
other students and professors.

In this strategy, professors define a time slot when
they’ll be available for students and tutorial actions
are open. In that way, during this slot it will be
possible to communicate with the professors syn-
chronously, and all asynchronous messages will be

also answered. In general, this time slot is not
unique and follows a certain periodic pattern (one
hour every week, thirty minutes every day, etc.).
Actually, most universities require professors to
define this periodic slot for those students that
desire to meet face-to-face with professors in their
offices. According to regulations proposed by all
universities considered in this study, this time slot
must be a two-hours slot every two days.

Therefore, the “periodic interactions” commu-
nication strategy during this experience was imple-
mented in the following manner. Professors freely
defined a time slot of two hours on Mondays,
Wednesdays, and Fridays, when they were avail-
able for synchronous calls, and when they were
answering asynchronous messages. No calls or
messages were received in any other time period.
This schedule was repeated periodically every week.
The specific time slot dedicated to the tutorial
actions for each professor was published on the
corporate webpage of each university. In this way,
students were aware of periods when it is possible to
interact with professors.

Only messages that have not been previously and
correctly answered by a student or professor have
been replied to. In addition, the professor will only
answer messages during the scheduled time slot. If
more messages are pending, they will be answered
during the next time slot focused on the tutorial
action. In general, messages are answered following
a FIFO (First-in, First-out) scheme, so older unan-
swered messages are responded to first.

3.2.4 Responses as Last Option

This strategy is supported by paradigms such as
peer-to-peer collaboration, the collaborative learn-
ing, and autonomous learning in engineering edu-
cation. With this strategy, students are promoted to
look for their own responses and help other stu-
dents with their knowledge, as professors are only
intervening and interacting with students if (after a
certain time) they are not getting the correct answer.

In that way, every message does not receive an
immediate response for professors, and only if after
ten days the original message is still and answered,
or if proposed answered and incomplete or incor-
rect, the professor publishes an official response. As
a main disadvantage, this communication strategy
is easy to implement with asynchronous textual
channels, but synchronous communications are
hard to integrate. The solution we defined was as
follows: Students, before communicating synchro-
nously with professors, had to leave a message
asking for a call and the reason why they needed
it. If after ten days they still need the call, it takes
place. During the call, only the previously reported
could be addressed. As in other strategies described
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strategies, during the weekend no response was sent
until the next Monday at 8am.

In general, with this strategy, although students
are promoted to look for their own answers, the
influence in weak and official messages may not get
the required attention. In this way, the risk of
rumors and false information is higher than in
other strategies.

4. Experimental Results and Discussion

The proposed tools and strategies were implemen-
ted and deployed in five subjects belonging to two
different higher education institutions (Universidad
Politécnica de Madrid -UPM, hereinafter- and
Universidad Alfonso X el Sabio -UAX herein-
after-). Those subjects belonged to three different
engineering programs: Computer Engineering,
Information Technologies engineering, and Soft-
ware Engineering. In this section we are describing
the context of this experience, and presenting the
results obtained for the last four years (2018-2021).

4.1 Context

The proposed experiment was developed on five
different subjects. The first one, “Digital Systems”
(DS, hereinafter), belongs to the Information Tech-
nologies engineering at the UAX. It is a mandatory
subject scheduled in the first course (second term).
The second one, “Computer architecture” (CA,
hereinafter), and the third one, “Object-oriented
development” (OOD, hereinafter), also belongs to
the Information Technologies engineering at the
UAX, but in this case they are scheduled in the
second course (second term). The fourth subject,
“Cybersecurity” (CS, hereinafter), belongs to the
Computer Engineering degree at UPM. This sub-
ject is scheduled in the third course (second term).
Finally, the fifth subject, “Geoinformatics” (GI,
hereinafter), belong to the Software Development
program (MSc level) at UPM. This last subject is
scheduled at the first course (first term). All subjects
are mandatory in the programs under study. The
experience ran for four years, from 2018 to 2021.

Teaching methodology was different in every
subject.

DS, CA and OOD followed a fully online meth-
odology. These subjects are organized as synchro-
nous theoretical sessions. These sessions had a
duration of one hour per week and they were
based on professors’ notes and practical exercises
that must be solved by the student in their own.
Laboratory sessions or other similar in-person
activities were not considered. All materials and
synchronous sessions were hosted in the institu-
tional Learning Management System (LMS)

based on the Moodle platform. Evaluation tests
were carried out in person on university premises.

On the other hand, CS followed a blended
methodology. The subject was organized as theori-
cal sessions based on online professors’ notes. These
sessions had a duration of two hours per week. On
the other hand, (in-person) software and embedded
systems laboratory sessions were also organized
every week. These sessions had a duration of two
additional hours per week. Besides, all materials
were publicly distributed among students through
the institutional Learning Management System
(LMS) based on the Moodle platform.

Finally, GI also followed a bended teaching meth-
odology, but with a different approach. One in-
person session per week with a duration of two
hours was organized. Sessions had a practical
approach, where 70% of time was invested into real
developments. Theorical presentation were done in
the remaining time. Professors’ notes were available
through the institutional Learning Management
System (LMS) based on the Moodle platform.

Table 2 describes the subjects’ organization,
including the number of students each year, the
units considered in each subject, and the usual
schedule. To anonymize results and not contam-
inate the experience with pre-existing ideas, during
all the experimental phase we label subjects as
“Subject A”, “Subject B”, etc. Labels were resolved
at very end of the experience when conclusions and
analysis were finished and written.

The final objective of the experiments conducted
is to answer some questions regarding the effective-
ness of the different communication tools and
strategies, in terms of student motivation, learning
level and acquisition of competencies. Three
research questions were formulated:

e RQ#1: Do the implemented instructional com-
munication tools and strategies enable students
to improve their academic results?

e RQ#2: Does the use of the proposed instruc-
tional communication tools and strategies
enhance the students’ motivation?

e RQ#3: Does the use of the proposed instruc-
tional communication tools and strategies enable
students to acquire the required technical and/or
general competencies?

4.2 Method and Participants

The validation described in this paper was planned,
guided, monitored, and evaluated by its authors
(hereafter experts), who have more than five years
of experience in knowledge management, commu-
nication software and tools and data analysis.
Each subject was considered an independent
group. Groups in years 2019-2021 were pilot
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Table 2. Context description for the different subjects

DS
Contents. Number of sessions
Number of Boole Karnaugh maps | Combinational Sequential Introduction to
Year students algebra circuits circuits FPGA computers
2019 12 2 3 4 2 2
2020 15 2 4 4 1 1
2021 21 2 4 5 1 1
CA
Contents. Number of sessions
Hardware
Number of Information Introduction implementa-tion | Control Memory
Year students coding to computers Instructions units management
2019 11 2 2 2 4 4 2
2020 13 2 1 3 4 2
2021 16 1 1 3 5 5 1
[016))}
Number of Contents. Number of sessions
Year students Encapsulation Composition Inheritance Interfaces Generics Exceptions
2019 12 2 3 3 3 3 2
2020 16 2 3 3 3 3 2
2021 23 1 3 4 3 3 2
CS
Contents. Number of sessions
Number of Operating Mobile Wireless
Year students Cryptography Firewall systems Hacking devices networks
2019 73 8 8 4 4 4 4
2020 87 4 4 6 6 6 6
2021 124 5 5 6 6 5 5
GI
Contents. Number of sessions
Number of Location-based | Mobile maps Cloud computing | Mobile databases
Year students Sensors GPS services
2019 7 2 3 4 3 2 2
2020 5 2 3 4 3 2 2
2021 11 2 3 4 3 2 2

groups, employed to analyze the performance of the
different communication tools and strategies and
answer the research questions. Groups in year 2018
was considered as control group. All groups were
configured to maintain homogeneity, make results
comparable and increase the statistical relevance.
The groups organization process performed by
experts considered different profiles, with various
technical skills and experience levels. Groups were
configured considering the principles of gender
equality. It was guaranteed that all groups were
composed of comparable populations. Table 3
shows the characteristics of pilot groups for each
year and subject.

All participants were treated anonymously by
experts. No personal data related to the identification
was stored or distributed outside the official plat-
forms. All experiments were performed under the
conditions of respect for individual rights and ethical
principles that govern research involving humans.

The experience was conducted as follows. In each
subject, for all the years under study, each thematic
unit was tutored using a different combination of
communication tools and communication strate-

gies. Not all possible combinations of communica-
tion tools and strategies were analyzed. Some of
them, as said in Section 3, were not technologically
feasible. The proposed experiment considered the
following combinations:

e First units (Ul) in all subjects were tutored
through an online forum with a “response as
last option” communication strategy.

e The second units (U2) were tutored also using
forums, but with a best effort communication
policy.

e The third unit (U3) for all subjects was tutored
through the email with a best effort communica-
tion policy.

e The fourth unit (U4) was managed with an
immediate response strategy through the Tele-
gram chat tool.

e The fifth unit (U5) was tutored using the Tele-
gram application as well, but in this case using a
best effort communication policy.

e Finally, the sixth unit (U6) was managed with a
“periodic responses’ strategy using the Discord
platform.
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Table 3. Groups configuration. Statistical data

Total number of students Mean age Standard deviation in age ‘Women percentage
Subject 2019 2020 2021 2019 2020 2021 2019 2020 2021 2019 2020 2021
DS 12 15 21 18.5 18.3 18.6 0.2 0.3 0.3 50% 47% 48%
CA 11 13 16 20.7 21.8 21 0.4 1.9 1.1 36% 38% 50%
OOD 12 16 23 20.3 22 21.4 0.9 2.3 1.2 42% 31% 52%
CS 73 87 124 21.7 21.4 21.5 0.8 0.5 0.3 39% 41% 36%
GI 7 5 11 25 253 25.6 0.3 0.3 0.4 29% 40% 28%

At the end of each unit, students were evaluated.
All students in the pilot groups were evaluated in a
similar way. Practical exercises had a weight of 50%
on the final mark, while final tests had the remain-
ing 50% of the weight. All activities were evaluated
through evaluation rubrics, defined at the very
beginning of the experience. Official solutions to
be manually evaluated by professors must be sub-
mitted to the official e-learning platform before the
due date. All due dates are fixed after completing all
theoretical sessions about each unit. Besides, at the
end of each unit, students responded to a very short
survey with only six short questions using the Likert
scale [24] (strongly agree to strongly disagree) to
answer. Surveys were collected online.

4.3 Results and Discussion: Academic Results

All academic results were collected and statistically

Table 4. Normalized academic results (pilot groups)

processed. In order to facilitate the statistical pro-
cessing and the comparison, academic results were
normalized. Table 4 shows the obtained results by
all pilot groups in every year under study. The same
results are represented in Fig. 2 using bar charts.
Table 5 shows the normalized academic results for
the control group, as a reference.

As can be seen, when a fully online methodology
is employed (DS, CA and OOD), there is an
improvement in the academic results, except for
units Ul and U3. Students in fully online teaching
programs tend to be connected for a long time to the
LMS and other available tools. Thus, on the one
hand, email does not offer the fast interaction
usually requested by online students, which makes
it very difficult to communicate efficiently (consid-
ering that students cannot contact professors in any
other way). On the other hand, the forum managed

DS
Ul U2 U3 U4 us U6
Year Mean std Mean std Mean std Mean std Mean std Mean std
2019 0.625 0.285 0.865 0.210 0.668 0.256 0.976 0.101 0.810 0.204 0.654 0.251
2020 0.602 0.255 0.786 0.302 0.675 0.235 0.965 0.09 0.823 0.210 0.624 0.280
2021 0.698 0.187 0.856 0.219 0.687 0.244 0.884 0.110 0.801 0.267 0.639 0.264
CA
Ul U2 U3 U4 uUs U6
Year Mean std Mean std Mean std Mean std Mean std Mean std
2019 0.921 0.103 0.705 0.254 0.800 0.302 0.781 0.123 0.631 0.120 0.773 0.233
2020 0.932 0.128 0.699 0.276 0.821 0.287 0.801 0.111 0.663 0.123 0.763 0.223
2021 0.965 0.154 0.701 0.244 0.849 0.290 0.650 0.106 0.612 0.154 0.702 0.242
[016))}
U1 U2 U3 U4 us 180
Year Mean std Mean std Mean std Mean std Mean std Mean std
2019 0.598 0.301 0.853 0.227 0.687 0.245 0.893 0.102 0.754 0.176 0.994 0.189
2020 0.635 0.234 0.797 0.310 0.664 0.237 0.924 0.08 0.749 0.201 0.980 0.223
2021 0.601 0.267 0.777 0.302 0.659 0.256 0.889 0.110 0.755 0.189 0.932 0.219
CS
U1 U2 U3 U4 us 18
Year Mean std Mean std Mean std Mean std Mean std Mean std
2019 0.701 0.265 0.956 0.178 0.689 0.249 0.976 0.08 0.923 0.158 0.890 0.188
2020 0.669 0.277 0.923 0.154 0.720 0.201 0.945 0.115 0.834 0.210 0.888 0.225
2021 0.686 0.288 0.945 0.210 0.710 0.198 0.956 0.107 0.844 0.197 0.891 0.207
GI
Ul U2 U3 U4 Us 18[3)
Year Mean std Mean std Mean std Mean std Mean std Mean std
2019 0.885 0.256 0.878 0.276 0.936 0.301 0.601 0.301 0.729 0.143 0.755 0.154
2020 0.901 0.198 0.934 0.198 0.922 0.305 0.612 0.312 0.719 0.133 0.779 0.108
2021 0.870 0.248 0.923 0.189 0.963 0.288 0.644 0.256 0.725 0.134 0.733 0.177
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Table 5. Normalized academic results (control groups)

U1l U2 U3 U4 Us 18/
Subject | Mean std Mean std Mean std Mean std Mean std Mean std
DS 0.606 0.297 0.770 0.380 0.679 0.246 0.814 0.163 0.773 0.255 0.634 0.271
CA 0.959 0.130 0.776 0.351 0.841 0.292 0.551 0.324 0.568 0.263 0.737 0.273
OOD 0.656 0.304 0.638 0.223 0.673 0.392 0.651 0.321 0.529 0.276 0.934 0.279
CS 0.698 0.286 0.871 0.215 0.710 0.254 0.743 0.149 0.754 0.224 0.699 0.350
GI 0.880 0.279 0.849 0.341 0.956 0.317 0.555 0.330 0.696 0.163 0.757 0.196

through a “response as the last option” strategy
does not generate a sustainable increase in the
academic results. In general, online students need
a fluent interaction with professors and, in its
absence, they create informal networks with other
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academic results, between 10% and 20% (depending
on the specific situation). A particularly interesting
instructional tool is Telegram, as it was very suc-
cessful in enabling students to improve their marks.
This improvement is especially relevant when an
“immediate response” communication policy is
applied, when results increased to 52% (OOD, U4,
2020 and 2021). Furthermore, although Discord
also includes a chat function, since the applied
communication strategy (“periodic responses’)
reduces the professors’ presence compared to the
“immediate response” communication policy
applied with Telegram, the improvement in aca-
demic results is less relevant.

These results are consistent with other previous
works in which it was clearly shown that students
prefer the instant nature and timeliness of chatting
[39]. Although these studies are usually focused on
live chats [40], similar results have been reported for
tools such as WhatsApp [41] or even Twitter [42].
However, considering our results, we can surely
confirm that students value the “immediate
response’”’ communication strategy more than the
chat tool itself. This observation is, in fact, consis-
tent with other previously reported results [43],
where professors with only the role of chat organi-
zers could not achieve the expected impact in their
distance learning experiences. Moreover, our
results are also consistent with the state of the art
in student preference for immediate responses:
some authors have reported experiences where
automatic chatbots with automatic responses can
have an equivalent impact in higher education
students than real professors answering questions
using a chat application [44].

Regarding subjects based on blended teaching
methodologies (CS), observations are partially dif-
ferent. In pilot groups where the “response as last
option” communication strategy was employed, no
relevant improvement in academic results was
observed in fully online methodologies. However,
any other communication option (tool or strategy)
for the tutorial action caused an improvement in the
mean mark of the group of students. In particular,
improvement is especially relevant (up to 25% for
U5 2019) when using a tool with real-time chat
functionality (such as Discord or Telegram). Where
all kinds of activities in the Dale’s cone can be
organized and performed. In this case, the improve-
ment does not appear to be influenced by the
specific communication policy applied by profes-
sors, as “‘best effort”, “immediate response” and
“periodic responses’ strategies are causing a similar
improvement in the mean mark (U4, U5 and U6).
Furthermore, the dispersion in academic results
also reduces (up to 50%, approximately), so tutorial
action not only improves the average results but

also tends to homogenize the achievements of the
students. On the other hand, tools with no chat
functionality, although they also caused an
improvement in the average mark and a reduction
in the dispersion of academic results, the impact is
less relevant. Actually, as the tool is further from a
chat application, improvement is less relevant. In
that way, academic results are more positive if the
tutorial action is supported by forums (U2) than if it
is supported by traditional email (U3). For these
cases, the improvement is between 5% and 10%.
This general improvement for almost any combina-
tion of communication tools and strategies may be
explained by more intense in-person contact
between students and professors in blended meth-
odologies. Students had the opportunity to ask
urgent questions directly to professors during in-
persona sessions, so tutorial action is more focused
on additional explanations, clarifications, etc.
which do not require a synchronous or very fluid
conversation. Asynchronous methos are as valu-
able as the synchronous ones.

Finally, for blended methodologies but with fully
in-person sessions (GI), improvement appears to be
less relevant for all pilot groups, instructional
communication tools, and communication strate-
gies. In this case, improvement is the academic
results may also be seen, but is pretty similar for
all situations. The average mark increased around
3% regardless of the tool or communication policy.
The standard deviation was reduced by a similar
percentage. Clearly, in-person contact between pro-
fessors and students increases, the impact of remote
tutorial action tools and activities reduces. Students
address topics related to the subject during in-
person sessions, so the use of the tutorial tool is
less important and is only useful for informative
messages, curiosities, and other similar iterations
that have little impact on the final academic results.
In any case, an improvement may be observed as in
all previous methodologies.

This limited impact of instructional communica-
tion tools and strategies on the academic results of
students following blended methodologies is con-
sistent with the current state of knowledge. Pre-
vious works have already identified chats, email or
text messaging (among other tools) as key elements
to enable human-to-human interaction in blended
learning methodologies [45]. But they have also
discovered the real impact of specific procedures
and instruments to cover the academic needs.
Furthermore, experts have reported the way
blended learners feel and understand communica-
tion tools (regardless of the communication policy)
in different ways [46]: email is employed for colla-
borative evaluation, forums are preferred for cri-
tical thinking, and chat applications are understood
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as a way of customization. These differences may
also explain the lower impact of these tools on
global academic results.

Although Table 4 and Table 5 show evidence of a
relevant improvement in academic results when the
appropriate communication tools and strategies are
applied, a scientific statistical analysis is needed
before extracting any final conclusions. We
employ a Mann-Whitney U test to perform those
analyses. The Mann-Whitney U test is a nonpara-
metric test of the null hypothesis that two samples
come from the same population against an alter-
native hypothesis, comparing the mean values of
the two samples. It is used to evaluate whether two
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different data populations are similar or different
(higher or lower). The p-value indicates the signifi-
cance level of the Mann-Whitney U test. Table 6
shows the results obtained from this statistical test,
as well as Fig. 3.

As can be seen, in the online teaching methodol-
ogies (DS, CA and OOD), the most significant
improvement in the academic results is obtained
in the U4 unit, when Telegram is managed with an
“immediate response’” communication policy. This
conclusion is consistent with the results previously
analyzed in Tables 4 and 5. In addition, other pilot
groups where communication tools or strategies
enable a very fluent information flow between

CA
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Fig. 3. Academic results (Mann-Whitney U statistical test). Dark: not significant; medium-dark: significant at p < 0.05; medium-light:

significant at p < 0.005; light: significant at p < 0.001.
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professors and students also show a significant
improvement in academic results, although they
are more relevant than the one observed in US.
This is the case of “best effort” communication
policy or the Discord platform. In fact, Discord
and Telegram are the instructional tools where a
larger catalogue of activities from the Dale’s cone
can be organized and performed. Then, in online
methodologies (where there are no in-person activ-
ities to compensate flaws in the instructional tools),
students’ learning is significantly improved when
selected tools promote collaborative work, a feeling
of connection, etc.

For blended teaching methodologies (CS), sig-
nificant improvements are achieved in more circum-
stances and pilot groups (for all but not for U1). As
said before, this may be caused by a stronger in-
person contact between professors and students for
urgent issues, so the remote tutorial action is aimed
at clarifications, additional information, etc. Activ-
ities that cannot be organized with instructional
tools, can be then supported by in-person actions.
And students’ learning is not so dependent on the
selected tool. In that circumstance, communication
policy is not as relevant as in online methodologies,
while students get the expected information at some
point. However, significance depends on the
selected tool. As analyzed before, improvement is
more significant when tools with chatting function-
alities are employed (such as Telegram or Discord
in U4, U5 and U6), while it decreases as the selected
tool is less similar to a chat: forums (U2) and email
(U3), following that order.

Finally, in blended methodologies, but with fully
in-person sessions (GI) significant improvements in
the academic results are observed for all instruc-
tional communication tools and strategies, but
significance levels are the lowest among all the
subjects and methodologies. This, as said before,
is clearly caused by a reduced impact of tutorial
activities on the final marks, and a lower impact of
the specific selected instructional tool in the stu-
dents’ learning. The information and activities
conducted through the tutorial action were based
on informative articles, newsletter, etc. which has a
sparse relation with academic results.

Now, we can answer the first research question,
RQ#1. Instructional communication tools and
strategies may have an impact on student academic
results and enable an improvement. This improve-
ment in online teaching methodologies, is especially
relevant when chat applications and immediate
responses are provided. In blended methodologies,
chat applications are clearly preferred, although
improvement may be achieved with almost any
tool. Professors may, in this case, choose the most
suitable tool for them. Finally, in blended meth-

odologies but with fully in-person sessions,
improvement is also achieved, for all tools and
communication strategies (although with less sig-
nificance than in other methodologies). Therefore,
we can answer the RQ#1 in a positive way.

4.4 Results and Discussion: Surveys

The academic results allowed us to answer the first
research question, but two additional questions are
pending. To answer these last two questions a study
based on surveys was carried out each year for each
unit in every subject. As said in Section 4.2, surveys
were based on six simple questions that students
could answer online. Responses were based on the
Likert scale, ranging from ““Strongly agree” (repre-
sented by number five) to “Strongly disagree”
(represented by the unit). Questions are related to
two topics: their motivation (SQ#1, SQ#2 and
SQ#4) and how they feel about their new compe-
tencies and qualification (SQ#3, SQ#5 and SQ#6).
The six questions asked were as follows:

e SQ#I1: I felt challenged to go deeper in the
proposed units.

e SQ#2: The subject caught my interest.

e SQ#3: I think my competencies are valued by
companies.

e SQ#4: In the subject I worked with useful tech-
nologies.

e SQ#5: 1 feel prepared to employ the technical
contents I learnt.

e SQ#6: I have acquired the expected competen-
cies.

Table 7 and Fig. 4 show the results of the
students’ survey, aggregating the responses from
all years for the pilot groups and employing the
Mann Withey U test to analyze and identify sig-
nificant differences between pilots and the control
groups. As can be seen, there is a great correlation
between significant improvements in academic
results and significant improvements in student
motivation and their level in the competence acqui-
sition. Globally, questions related to the acquisition
of competencies show a more general improvement
than the motivation of students. But both are
significantly better in the pilot groups.

Taking into account the different teaching meth-
odologies, the observations are pretty similar to
those made in Section 4.3. In subjects based on a
fully online teaching methodology (DS, CA, and
OO0OD), no significant improvement in student moti-
vation or their level of acquisition of competence
was observed in U1 and U3 pilot groups. Commu-
nication strategies were not fluent enough to allow
students to get the information they need and feel on
board in the subject. In contrast, strategies such as
“immediate response” or tools such as Telegram



Borja Bordel et al.

1028

'100°0 > d 12 JuROYIUSIS 444 G00°0 > d 18 JUROYIUTIS ., G0°0 > d 1B JUBOYIUSIS , JULOYIUSIS J0U SN

SN CTH8LY'S * €HILS'L 5k c-HLOV' Y * CTHLISE 5% e-HIISC SN CHE6T 6 1c0c

* CTHY08°¢ * C-H868°C * €-HESY'S SN CTHEEL'S 5% £-H996°1 * THSEY'T 0c0¢

SN CHLES'L * €-HCLT'6 * £€-d80¢'8 SN C-d091°9 * C-d0s°¢ SN CTHEV1'8 610C

duedYIU3IS anea-d | dduedyIUZIS anjea-d | dduedyIuGIS anfea-d | dduedyIugIs anea-d | dduedyIudIs anjea-d duedYIu3IS anpea-d BLEY Y
9N N 1201 €N n n

I8}

*k y-HEYS'T wokk y-deeyl *k y-HE6S°6 * £€-4090°S ok C-d8¢T’C SN CHL6S'6 10T

ek V-HL0V'8 o €-H98¢°¢ gk y-H4606'8 * CTHISST 5k CHESS'E SN -dy86'9 020T

gk V-HSLST sk V-HCLY'S gk y-d166'9 SN THeIs’L 5 AP0V € SN 1-4061°1 610C

duedYIU3IS anfea-d | dduedyIUGIS anfea-d | dduedYIUGIS anfea-d | dduedyIUGIS anea-d | dduedyIudIs anjea-d duedYIU3IS anpea-d BLEY Y
N N ra €N n In

SO

* H979°'1 ok €-H09LC *k €-HE9Y9 SN [-4698°1 * d918'¢ SN C-d20S°6 1c0c

* €-HISS9 *% €HLYS '€ *k €-HoST'V SN CHTS6’L * CHLBEY * CHILTE 020T

P €HLO6L'Y % £-dv60°¢ 5k £-H868°S SN THSSYL 5k THYPE0 SN CTH8Y6'9 610C

duedYIUSIS anea-d | dduedyIUZIS anjea-d | dduedyIuGIS anfea-d | dduedyIUGIS anea-d | dduedyIudIs anjea-d duedYIU3IS anpea-d 18X
N N ra €N n n

aoo

* CHSET8 * €-H69LC ok €-dCIL'T SN cHdley’L ok €-dope'e SN CHLSS9 1coc

* CHIL60 *k Cd8I1¢°0 ok y-HSSS9 SN CTHLLS'L ok e-dI6v'e SN C-dS65°6 020T

* 1-d29%°0 *% €-4090°¢ ok y-HTC6' SN CTHL8L9 P CHLSE0 SN CHTT6'L 610¢

duELIYIUSIS anpea-d UBIYIUSIS anjea-d UBIYIUSIS anpea-d uEIYIU3IS anpea-d UBIYIUSIS anjea-d uedIYIU3IS anpea-d 183X
N N ra €N n n

YO

* €-HLST'6 *% €-d€00'Y *% €-H90LC SN CHSLS6 *% CHSLY'0 * CHLTL 10T

* cHBITY ok €-dys8y ok VHILS'T SN 1-469%°S * €-dyCe9 SN C-d850°6 020T

* cdely'l % €-HTLST gk y-d46¥9°6 SN 1-HS8LC P e-dvel'e SN CTHLYT'8 610¢

dUBIYIUSIS anpea-d duUBIYIUSIS anjea-d dUBIYIUSIS anpea-d dUBIYIUSIS anpea-d dUBIYIUSIS anjea-d RUBIYIUIIS anpea-d 18X
N N ra €N n n

sa

(3591 [eOnISIRYS ) ASUIYAN-UUB]A) S}NSI OIOPLIY 9 B,




1029

Assessing the Impact of Communication Instructional Tools and Strategies on the Students’ Learning

‘10070 > d 12 JUROYIUSIS 4y 60070 > d 1B JUBIYIUSIS 4, (50" > d 1B JUBOYIUSIS , JuUBOYIUSIS J0U SN

SN CHOLT'S * C-d800°1 A% €-HLI9 Y * €-d180°6 * dTsey * €-HCIL9 9#0S
* €-d4919°9 * CTHPILT Ak 1-49%0°0 * €-HLL6'0 Ak -d961°0 * CHTTT'1 S#OS
SN 1-H0£8°0 * €-dI1S0°S wx €-dv6S ¥ SN C-dH6£9°8 * C-HSTS'1 * €-HIIL'S v#0S
* €-H609°L * €-H0L8°6 Ak e-HTeEr'l * €-H10T°S Ak T-de9¢°0 * C-H081°C £#0S
* €-H998°S * €-d891°6 * €-HOLT'S * €-dvL19 * C-H095°0 * €-d4200°S #OS
SN C-d8L0°S * €-HL8Y'8 * C-H080°1 SN CHTTE'8 * £-H966°S SN 40699 1#0S
QUBIYIUSIS anjea-d duedYIu3Is anjea-d QUBIYIUSIS anjea-d UBIYIUSIS anjea-d duBdYIUSIS anjea-d QUBIYIUSIS anjea-d 1B
sn 408 €N n
D
*x P-dI8L°0 k% S-dv6sSv *x V-HISY 6 * CTHS v sk €-HIT9Y * €-HVS6'9 9#0S
#kk G-HLE9'8 sk S-d4606°S 4k -H8¢6'9 * C-d4009°¢ *k €-HS9S'1 * €-d10T°9 S#OS
sk P-d951°0 Hokk S-H668'¢ w3k P-HE0C Y SN THvIeL w3k P-HL9S'S SN ¢-d199'6 V#Om
Hxk S-HTPe'8 T P-H€60°1 Hxk V-deveL * €-HE9¢'8 *% €-HOLTV SN 1-46LTY £#0S
Hkk P-dL8T'T sk P-H950°L #kk V-H9SL'L * CHS9TY ok £-H69v'¢€ SN 1-H6£SY #0S
*xk P-d£0S°0 Ak P-Hr8’L Kk 7-dy98°¢ * €-d876°9 sk €-d20CY SN 1-4120°C 1#0S
QUBIYIUSIS RuUEBdYIUSIS anjea-d QUBIYIUSIS anjea-d QUBIYIUSIS anjea-d dUBIYIUSIS anjea-d QUBIYIUSIS anjea-d FTET
N €N n n
SO
* €-Ho6IE'S *% €-H985°C Kk 7-HSP6'¢ SN [-d4816'% ok €-H80L'V SN 1-466€°S 9#0S
* €-dv6l'8 % €-d806°1 Kk 7-d99C'8 SN 1-400¢v A% €HLy SN LIT°0 s#0S
* €-d8C1°9 *% e-dIIEY kk y-H79¢ Y SN [-HL0E°¢ ok €-HE6S T * CTHLIOE r#0S
* €-H8¢0°S *% €-d798v *k HPP 0 SN CTHSST'S * €HITIE9 SN [-HTvTe £#0S
* €-dve6’S % €-H981'v ok V-HLLY'8 SN CHSES'S * [SEIA! SN 1-46£9°1 #0S
* €-H6L6'8 *% €-HSEl'Y *% C-H0I¥°0 SN T-dH696°6 ok CT-HySY0 SN [-T¥8°0 1#0S
QUBIYIUSIS anjea-d uUEBdYIUSIS anjea-d QUBIYIUSIS anjea-d DUBIYIUSIS anjea-d duUBdYIUSIS anjea-d QUBIYIUSIS anjea-d IedX
IN sn 408 €N n n
aoo
*% C-HS0€°0 *% €-HSLS'E KR V-HLSL'E SN 1-d8LEY sk €-H8EIY SN C-d8%6'9 9#0S
* CHEpe'l *% €dySIv Hxk V-HLTY'E SN [-dS8¢v A% £-dyoS v SN C-d997°8 s#0S
* €-H61¢'8 * CHI86'¢ ok Y-HC9¥'C SN CTH8YL9 ok P-d09C°¢ SN 1-46L6'Y r#0S
* ¢-d100'% *% €-H856'¢ Kk 7-aevTe SN 981°0 sk €HLYL'Y SN 1-H006°¢ £#0S
* €-HECT'L * £-4619°S ok V-HLY1'8 SN -d60T°L Ak £-4960°¢ SN C-H796'8 #0S
* €-H605°6 *% €-H99%°¢ KR P-HOLT'T SN CT-Hyy8'8 sk €-Hbrev SN [-d9¥¢8°C 1#0S
QUBIYIUSIS uUEBIYIUSIS anjea-d QuLdYIUSIS anpea-d duELdYUSIS anpea-d QuedYIUSIS anpea-d QuEdYIUSIS anpea-d FCEVN
IN N 401 €N n n
*% €HLOl'Y *% C-4058°C Kk 7-HL66'8 SN THP8’L ok €-H8IL'6 * €-4699°9 9#0S
*% €-HESL'T *% €-HSC8'8 Kk 768V SN 1-4L9y"C ok CHOLT'Y * L0 S#OS
* CTHELOY *% €-4979°L *% €-d686'% SN [-9LySY *k €-HLIS'L SN CHITL9 r#0S
* C-H8CC'1 *% €-HL66'8 *% €-HE8S Y SN 1-4688°¢ sk CHSP8'v SN C-H6£S9 £#0S
* €-HEV9'9 T P-HLS0T *k €-HLET'E SN HIy9'8 * €-dI1'8 SN 1-4890°C w#0S
* €-HTEL9 *% C-dy0Sy #kk -H8T8'8 SN C-d088°6 * €-HLEE'6 SN C-d589°9 1#0S
UELIYIUSIS anjea-d dUBIYIUSIS anjea-d dUBIYIUSIS anpea-d dUBIYIUSIS anpea-d dUBdYIUSIS anjes-d dUBIYIUSIS anpes-d IedX
IN N 401 €N n n

Sa

(3597 [ROTISTIBIS () AQUIIYAA-UUBIA) S}NSAI SAAING °/ dqeL




1030

Borja Bordel et al.

sa#2

SQ#3

SQ#d

SQid

L

SQ#6

us ue
sQ#2
sQ#3
SQ#4
SQ#5
SQ#e
uz us u4 us us

SQ#4

SQ#s

u2 us

SQ#2

SQ#3

SQ#4

SQ#s

SQ#6

sQ#2

SQ#3

SQ#4

SQ#5

SQ#6

us ue

Fig. 4. Academic results (Mann-Whitney U statistical test). Dark: not significant; medium-dark: significant at p < 0.05; medium-light:

significant at p < 0.005; light: significant at p < 0.001.

present a very significant improvement in both
dimensions. The synchronous components provided
by instructional tools such as Telegram prevent
students to feel disconnected and enable a higher
learning level. But in online methodologies it is
essential the selected instructional tool enable all
kinds of activities in the Dale’s cone. As no in-
person actions can be designed or carried out, the
students’ learning is very sensible to the selected tool.

In blended methodologies (CS), on the other
hand, the impact is also significant, but the increase
in student motivation and the acquisition of skills is
more related to the selected instructional commu-

nication tools than to the communication policy.
The biggest (positive) impact is associated, as
improvement in the academic results, to tool with
chatting functionalities (such as Discord or Tele-
gram -U4, U5 and U6-). Using these tools, colla-
borative learning is promoted, and the global
students’ learning improved more significantly.
The significance level of the achieved improvement
reduces as the employed application is more differ-
ent from a chat application. In that way, forums
(U2) generate a slightly less significant impact,
while when using the email in the tutorial action,
the impact is limited (U3).
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Finally, in blended methodologies, but with fully
in-person sessions, a significant improvement is also
observed in the motivation and the level of compe-
tence acquisition. In this case, this improvement is
transversal to all communication tools and strate-
gies (or policies) but is less significant than the one
achieved in other previously discussed methodolo-
gies. As said in Section 4.3, the main reason for this
behavior is the physical availability of professors
during in-person sessions. In-person activities may
mitigate the flaws and deficiencies in instructional
tools. Then, the weight of tutorial activities and
communications in student learning is less relevant.

This clear difference between online and blended
methodologies is also consistent with existing
knowledge. Previous authors have reported how
online students tend to feel the teaching team cared
more about them and were more satisfied than
students in blended methodologies [39] (when
using exactly the same tools and implementing
equivalent tutorial actions).

In conclusion, the communication tools and
strategies have a (positive) impact in the online
and blended learning methodologies.

Taking into account all these observations and
the results of the Mann Withey U test, we can
answer the remaining two research questions
(RQ#2 and RQ#3) in a positive way: instructional
communication tools and strategies have a positive
impact on student motivation and acquisition of
skills. Specifically, in fully online subjects, the high-
est improvement is reached for fluent and very agile
communication strategies. However, in blended
methodologies the most significant impact is asso-
ciated with chatting applications. While in blended
methodologies but with fully in-person sessions the
impact is general, regardless of the employed tool or
communication strategy, but less significant.

4.5 Validity Threats and Limitations

Although all scientific standards and good practices
were followed, the proposed experiments have some
limitations and there are some threats to the validity
of the results.

When analyzing the impact of instructional com-
munication tools and strategies in blended and
online methodologies, the proposed experiences
focus on the students’ vision. Although currently
the Higher Education European Area follows a
student-centered approach and quality assurance
is based on students’ opinions, this approach does
not control other possible parameters such as the
level of competencies in Bloom’s taxonomy that are
acquired, the professors’ workload, or the employ-
ers’ opinion about alumni learning.

Regarding internal validity, there may be a
possibility that students’ answers about their moti-

vation and learning are not fully accurate. Further-
more, since the experience was conducted over
several years, some students could be aware of the
experiment because of information provided by
previous students. That may also affect the results.
Moreover, a potential major threat is related to the
evaluation criteria. Although evaluation rubrics
were defined in the very first year and were used
throughout the experience, some variations, and
exogenous effects (such as comparing students from
different courses) may appear.

On the other hand, and with regard to the
external validity, all the participants in our experi-
ence had a technological background and were
enrolled in technological courses. Results could
not be generalized to other profiles.

Finally, in this paper, we are using a nonpara-
metric statistical test (Mann-Whitney U test).
Some authors claim that parametric tests are more
powerful than the nonparametric test, but very little
power is lost in the Mann—Whitney U test, which is
one of the most powerful nonparametric tests [28].

5. Conclusions and Future Work

This paper evaluates the impact of communication
instructional tools and strategies in blended and
online teaching methodologies. The study considers
five subjects analyzed during three different courses.
Four different communication instructional tools
were also studied, including forums, emails, Tele-
gram, and Discord. Furthermore, four different
communication strategies were also considered.
Three research questions are introduced. To
answer those questions, two different sources of
information are used: the students’ academic results
and the responses of the surveys. All three research
questions were answered in a positive way. Fully
online teaching methodologies and blended meth-
odologies are highly enriched when chat applica-
tions are employed in the tutorial action. The online
subjects improve the most when communication
strategies such as ‘immediate responses’ are imple-
mented. On the other hand, in blended methodol-
ogies but with fully in-person sessions, the impact is
less relevant, although still a significant improve-
ment is achieved in academic results, students’
motivation and level of competence acquisition.

In practical scenarios, and considering the
obtained results, we highly recommend the imple-
mentation of chat tools (Telegram) in courses where
blended or online methodologies are employed.
These tools, on the other hand, present some
management problems: students must be added
manually, there is not automatic update with
every new semester or year, they have no easy
connection to institutional Learning Management
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Systems (LMS), etc. Then we recommend those
tools only for small or medium-sized groups (no
more than thirty people). For larger groups, other
tools such as Moodle forums would be more effi-
cient, although the a priori impact could be lower.
In addition, immediate response policies are recom-
mended to be implemented, but only for professors
with a limited workload (no more than two subjects
per term). This communication strategy has a great
impact, but it is complicated to manage in a large
catalogue of subjects at the same time. For educa-
tional professionals with a higher workload, we
recommend considering other approaches such as
“periodic interactions’’, which can be easily sched-
uled.

Future works will analyze the impact of the
instructional communication tools and strategies
proposed in other educational contexts that are not

technological. For example, future work will ana-
lyze the performance of those tools and strategies in
programs with highly practical scientific or social
abilities, such as linguistics or medicine. On the
other hand, future works will also implement the
most successful approaches for each learning meth-
odology in all subjects, looking for the best config-
uration of specific tools (and communication
strategy) configuration and secondary effects
(such as fatigue in students caused by a very intense
tutorial action).
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