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In today’s globalized world, it seems important that students can telecollaborate in a team by making effective use of

information and communication technologies. This collaboration format can positively influence their academic

performance, enhance engineering student interest in the subject, and improve skills such as communication and

teamwork. In this work a collaboration model between engineering students, and also between instructors, from two

distant traditional universities is presented and analyzed. Potentialities, challenges andkey elements for a viable experience

are identified, that would be capable of achieving the proposed objectives, and sustainable over time. Considering these

activities as projects, instructors are actively involved in the initiation, planning,monitoring and controlling, and closingof

these activities. On the other hand, students are those who must perform scheduled tasks. This article identifies the

difficulties and potentials for each of these roles.

Keywords: cooperative/collaborative projects; traditional universities; information and communications technology tools; telecollabora-
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1. Introduction

In the context of higher education, it is widely

agreed that engineering students should develop

teamwork skills. The development of teamwork

competencies, cultural awareness, or professional

communication are also well established objectives

described in the ABET accreditation criteria

(see www.ABET.org), as well as in the ACM/

IEEE Computer Science Curriculum 2013 (www.
computer.org). In addition, due to globalization,

new challenges arise, as graduates need to be able to

work comfortably in an increasingly distributed,

multicultural and multidisciplinary team context

[1]. It is therefore important that students can

work as a teammaking effective use of Information

and Communication Technologies (ICT) tools [2].

Team collaboration competence with ICT tools,
or telecollaboration [3], is usually developed in the

context of distance learning. This type of collabora-

tion includes interaction among students in distant

locations through online communication technolo-

gies; and it is guided by teachers or trained facil-

itators [4]. In this type of learning environment,

students are organized in teams that discuss, colla-

borate, or evenmaintain social relationships usually
making use of universities’ virtual campuses (see,

for instance, [5] or [6]). However, requiring some-

thing similar to students from traditional universi-

ties seems rather artificial, since students can easily

maintain regular and fluid contact with their team-

mates given their physical presence at common

university spaces.
This reality of traditional universities has moti-

vated the issue of how to find amore natural role for

ICT-mediated collaboration. A way to tackle this

problem is that students from two distant univer-

sities work together. These students would perform,

in a joint and coordinated manner, a set of selected

activities associated with the development of their

studies. The goal is to achieve a better assimilated
knowledge (learning, quality of work results, etc.)

through cooperation with people who are under-

taking similar, but yet, different training. As a result

of this experience, we hoped that this kind of

collaboration would positively influence academic

performance, enhance interest in the subjects, and

improve professional and generic skills such as

teamwork and communication, which would
become increasingly agile and effective and that

will be essential for their future careers [1, 7–11].

Ideally, telecollaboration projects should be inte-

grated into the curriculum rather than relegated to

extra-curricular activities [2]. Furthermore, those

activities ought to be impossible to complete with-

out the assistance of technology; and, therefore,

these activities strengthen the active, creative, inte-
grative, and evaluative side of students. A good

example can be found in [11] wherein Japanese

and UK students made a telecollaboration in a

virtual space. Bringing individuals together who

have very different pedagogical experiences consti-
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tute a valuable way of creating discussion and

facilitating new thinking. The main purpose of

these projects is not learning on or with computers,

but learning through the use of computers [12].

Another good example is the development of cap-

stone projects by teams of students whose members
are spread across various distant universities [13].

In the context of the teaching and learning of a

foreign language telecollaboration has been widely

employed and researched in the university; but this

concept and its modus operandi are often unfami-

liar to university educators in disciplines outside the

humanities [4]. Hence, an effort to establish such

guidelines in technological disciplines can avoid
that gap found in the literature. This is the main

purpose of this paper.

Over the course of several years, some collabora-

tive activities between students from two distant

traditional universities (UR and EHU/UPV) have

been organized in the field of computer science. In

the first project [14], pairs of students, one from each

university and without knowing each other, colla-
borated on the design of a database. The subjects

involved in such experience from the two universi-

ties covered different and complementary concepts,

producing heterogeneous teams. This circumstance

(of having different skill sets) is common among

students from different universities, and is actually

desirable for team collaboration, especially when

the skills complement each other [7, 11]. In that
experience [14], the telecollaborating students

obtained better academic results than the face-to-

face teams; however, they also expressed a lower

level of satisfaction. More recently, some experi-

ments with peer review and integration of materials

have been conducted [15–17]. Students from uni-

versities URandEHU/UPV published on the Inter-

net the product of a micro-project developed in a
particular subject. Classmates and students from

the other university offered their assessment and

some feedback. In this case, the communication and

coordination were carried out via the instructors,

reducing in this way the difficulties. However, from

the point of view of the lecturers, the tasks of

organization and coordination were very similar.

Reflections on those experiences led to the pro-
posal of a model for telecollaboration that main-

tains the positive influence on learning, while

aspiring to improve satisfaction results.

In particular, amodel for telecollaboration between

students and instructors from two different univer-

sities is presented and analyzed. Potentials, difficul-

ties and key elements are identified to promote an

experience that is feasible, effective regarding the
intended objectives, and sustainable over time,

surpassing the fleeting enthusiasms of participating

instructors.

The rest of this paper is organized as follows. First

of all, we provide a section that reviews some related

research. Subsequently, we take into account that a

telecollaborative experience can be understood as

the development of a project, anddevote one section

to each of the five types of processes that are
identified in a project by the PMBOK

1

guide [18]

(see Fig. 1). First of all, we present the initiation

processes that serve to define the telecollaborative

project. Secondly, we introduce the planning pro-

cesses, where the project scope, the task plan, and

the set of deliverables to be produced are estab-

lished. Thirdly, we present the execution processes,

that is, we introduce how the tasks (defined in the
planning processes) are performed. These processes

comprise all the work to be completed by students.

Subsequently, we explain the processes of monitor-

ing and control, that are responsible for identifying

problems arising during the tasks and provides

appropriate modifications to fix them. Finally, we

present the closing of the experience processes

where the completion of all the activities is verified.
The last three sections of the paper reflect on

technological changes and technology selection,

discuss the desired role for university institutions

in these activities, and offer some conclusions

respectively.

2. Related research

Table 1 summarizes a set of experiences or studies of

telecollaboration. We include information about

whether it was a national or international telecolla-

boration experience, the type of research (qualita-
tive or quantitative), and the type of the studies

wherein the experience was conducted. In addition,

for each experience we indicate in Table 1 if the

student teams consisted of one student from each

university (1 to 1), or multiple students from each

university (n to n). Moreover, the table also notes

the type of activity performed by the teams, and the

ICT tools that were employed. Finally, the table
also includes whether students or teachers held

meetings. The model for collaboration presented

herein is the one that is currently used to organize
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Fig. 1. Group process for project management according to
PMBOK1 (PMI 2017).



this type of practice by us. This model is intended to

aid in the organization of experiences in different

contexts, and it may serve as a guide to deal with the

frequently occurring issues, along with some ideas

to solve or even avoid them.
Some studies that deal with telecollaboration

between different traditional universities in engi-

neering degrees are included in the literature.

Some of them observed the positive effect of tele-

collaboration, as opposed to face-to-face collabora-

tion, on the quality of the results [14, 19].

Additionally, some of those experiences resulted in

high levels of satisfaction [2, 19] whereas others
encountered low levels of satisfaction [14].

Some studies in other areas include experiences of

international telecollaboration [7, 11, 20–24].

Although the researchers from those studies did

not include comparative research, they clearly

observed high student satisfaction with their

achievements and with the learning process. Other

international university telecollaborations are set in
the context of language study, aiming for a practical

exchange of culture and language (see, for instance,

[25, 26], or [23]).

There is another type of research that compares

online and face-to-face collaboration, but with a

substantial difference: all students are from a single

university, and all of them are following the same

course (see, for instance, [27] or [28]). In that case,
the involved students know each other, maintain

physical contact in other subjects, and the cultural

diversity is low [19]. The results obtained in those
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Table 1. Educational telecollaborative studies

Context Research Studies Teams Activity Tools
Students
meetings

Instructors
meetings

Chidanandan
et al. 2010 [21]

International
(USA-Turkey)

Qualitative Computer
science

n to n Project
development

Skype, Moodle,
email, SVN
repositories,
Google Docs

Yes Not
described

Dı́az et al.
2011 [19]

International
(USA-Spain)

Quantitative Computer
Engineering

n to n Project
development

Web-based
application

No No

Domı́nguez et
al. 2016 [15]

National (Spain) Experimental Computer
science

n to n Project
development

Email, Google
tools

No Yes

Esparragoza
et al. 2015 [2]

International
(Chile-Colombia-
Ecuador-
Honduras-USA-
Italy)

Quantitative Engineering n to n Project
development

Email, audio-
video conference,
Google tools,
social networks

No Not
described

Hilburn and
Maguth 2012
[24]

National (USA) Qualitative,
case study

Social
studies

1 to 2 Micro-teaching
Peer review

Email, Internet
radio, podcasting
(Talkshoe)

No No

Jaime et al.
2013 [14]

National (Spain) Experimental Computer
science

1 to 1 Project
development

Email, Moodle,
social networks

No Yes

Laxer et al.
2009 [7]

International
(USA-Sweden)

Qualitative IT-Software
Engineeering

n to n Project
development

Email, Skype,
Google Docs,
Angel LMS

Yes Yes

Lindner 2016
[10]

Intenational
(Germany- Czech
Republic)

Qualitative Business and
Economics

n to n Virtual project
teams

Wikispaces wiki,
video conference

No No

Malinowski
and Kramsch
2014 [23]

International
(USA-French)

Qualitative Teacher -
Foreign
language

1 to 2
2 to 2

Partnership
French student
teacher and
foreign language
student

Video-conference
Skype

No No

Rohleder et
al. 2009 [22]

National (South
Africa)

Quantitative Social work-
psychology

n to n Practical module Open source
LMS

Yes Yes

Vallance,
Martin, and
Naamani
2015 [11]

International
(Japan-UK)

Quantitative Media
architecture-
Science
studies

n to n Programing
robots in virtual
space

Robot-mediated
interaction,
virtual space

No No

Ware and
O’Dowd 2008
[26]

International
(USA-Spain)

Experimental Foreign
language

n to n,
1 to 1

Peer feedback Moodle No No



studies are not conclusive, as some observed a

positive effect from the on-line collaboration, as

opposed to face-to-face [27], whereas others found

a negative or null influence [28].

Other studies propose models or guidelines for

conducting telecollaborative activities. Redmond
and Lock [8] proposed a conceptual framework

model for telecollaboration. This model has three

key elements: social presence, cognitive presence,

and teaching presence. At the center of those ele-

ments is the educational experience. O’Dowd [29]

pointed out some difficulties that arise during the

completion of telecollaborations in the context of

language studies. The most important factor was
the time it takes to organize and manage activities.

He also highlighted the problems caused by some

institutional requirements, especially the integra-

tion and evaluation of these activities in the

course. Other difficulties were due to lack of experi-

ence or adequate guides to conduct the task, and

because the instructors were not familiar with the

appropriate technologies. Finally, he mentions the
difficulty of finding suitable teachers to organize an

activity of this type. Chidanandan et al. [21] also

provided a set of lessons learned. Cajander et al. [30]

included observations of differences in two interna-

tional collaborations using projects with real clients

and open-ended problems where the telecollabora-

tion between universities is based on informal

grounds.
Figure 2 shows the main actors in telecollabora-

tion. Face-to-face communication is established

within the institution, and the inter-institutional

telecollaboration using online tools. Telecollabora-

tion is developed within a generic framework.

Usually, face-to-face meetings are held between

instructors, but not between students. According

to [8], the challenge is to design a framework to
guide participants in the use of the appropriate

technology that will serve as an effective support

tool for collaboration and knowledge construction.

3. Telecollaborative experience as a
project

Since we understand the organization of a telecolla-
borative experience as the development of a project,

we have structured the experience through the five

processes typically identified in such a development

(see Fig. 1): initiating, planning, executing, moni-

toring and controlling, and closing processes.

3.1 Framework for initiation

In this section, we discuss the main aspects to

initialize a framework for a telecollaborative experi-

ence between students of two subjects from two

distant traditional universities. The organization

of an educational collaboration with other univer-
sity requires reflection on the appropriate frame-

work for the project. This includes the

characteristics of the instructors involved, the aca-

demical context, the teaching methods, the subjects

involved and, of course, which ICT tools are

expected to be employed [3, 29, 31].

3.1.1 The instructors

A starting point for these experiences is a strong

relationship between the instructors involved; and a

shared vision of the most relevant aspects regarding

organization and teaching objectives. Hence, the
collaboration among instructors of both universi-

ties encourages creativity, the identification of new

educational possibilities, and it can also generate

synergies [32]. These benefits constitute an added

value for their teaching task and a stimulus to

further explore this line of work. Personal relation-

ships serve as an important motivation for begin-

ning a partnership between universities [29, 31, 33].
However, there could be situations where an

instructor does not know another instructor to

collaborate in a given subject. A way to solve this

problem consists in using a web platform designed

precisely to establish these relationships [25].

An essential starting point is that instructors who

intend to collaborate have compatible work cul-

tures, similar objectives, and the ability to adapt
their programs [8, 29]. Thismeans that, for example,

the quality of the work carried out, the strictness

regarding compliance with deadlines, or the rigor

withwhich they handle the concepts of their subjects

is of a similar level. When working cultures are

similar, it is easier for students to recognize compa-

tible perspectives regarding the work to be per-

formed. In practical terms, the teaching task
requires that collaboration among participating

instructors is based on mutual understanding and

the fluidity of the prior relationship. Under these

conditions, it will be easier for the instructors to
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Fig. 2. Remote communication (arrows) and face-to-face (inter-
sections) between stakeholders in our telecollaborative experi-
ence.



both understand and make decisions about pro-

blems that may eventually arise.

Instructors who are willing to collaborate may

already have considerable experience teaching the

subject that will be part of the project. That is, they

have definitely acquired a very strong grasp of the
contents, the problems that typically arise to the

students, and the results obtained with different

teaching approaches used so far. The above, how-

ever, are not prerequisites for organizing a telecol-

laboration experience. In this case, some

adjustments may be necessary to make the subjects

compatible. These adjustmentsmayaffect the objec-

tives, content, or cooperative techniques (peer
review, meetings, etc.).

3.1.2 The academic context and teaching methods

The first constraint to organize collaboration

between students from two universities is academic

compatibility [24]. Usually, the two subjects

involved should have some commonor complemen-
tary competences. This does not mean that it is an

objective to have courses as similar as possible, but

rather that the collaborators need to be aware of the

differences and have strategies for dealing with

them. The challenge is to turn the differences into

advantages, or at least into something that does not

jeopardize the collaboration [30]. The subjects must

also be taught following compatible calendars [3, 7,
21] and organizational models (for example, both

subjects follow a scheme of project-based learning,

use jigsaws, or use lectures and exercise classes, etc.).

Furthermore, the two selected subjects should also

be taught during the same semester.Normally, there

are small differences between the semester start

dates at the different institutions, or between the

enddates. Such differences limit the available period
for telecollaborative activities [20]. Additionally,

the schedules of students should have enough

common time bands without classes, during which

they can communicate and collaborate [24]. Some

university resources, such as virtual classrooms,

should be flexible in order to incorporate students

and teachers from the other university [7]. Further-

more, university regulations regarding evaluation
must not introduce requirements that impact the

organization of these activities.

In addition, the scope of each subject, the starting

level of the students, the work plan followed until

that time, as well as the level required of students

must be analyzed [3].Also, it is necessary to consider

the teaching methodology to be followed, the

importance of continuous assessment, teamwork
and other activities aimed to develop generic skills.

This type of approach strongly contributes to the

success of collaboration, and in some cases will even

constitute a requirement [7, 21].

The primary problem to initialize this kind of

experience is the identification of an appropriate

project where students from both subjects can

collaborate, and allows them to learn skills for

their own subject [3]. At the same time, the students’

cooperation during the project ought to be worth-
while for them [8]. Thus, working methods must be

selected, and appropriate deadlines for the structure

of the classesmust be set [3]. Teachersmay feel some

anxiety associated with the loss of control over

methods used in the past which can be attenuated

with the reflections mentioned herein.

3.1.3 ICT tools

Another aspect to consider is how to conduct

remote communication. From a management

point of view, it is critical to consider the needs

and motivations behind the selected technology

[30]. Currently, there are different families of ICT

tools (email, video conferencing systems, chat,
smartphone applications, social networks, blogs,

wikis, virtual environments, etc.). Various specia-

lized teaching tools integrate means of communica-

tion—both synchronous and asynchronous—, such

as learning management systems or personal learn-

ing environments [34]. Since the people involved are

from two distant universities, these tools will be the

only instrument for collaboration. While face-to-
face meetings should not be eliminated, they should

be limited due to their economic cost [7, 21].Most of

the projects included in Table 1 did not use this type

of meeting.

Stakeholders should not only be familiar with,

but also have experience using the chosen tools (or

at least be open to using them) [10, 24]. Even those

students accustomed to using some of these tech-
nologies in their daily lives may need some guidance

regarding their academic use. For example, students

may be unaware of certain options which are useful

for collaboration and promote the maximum ben-

efit from the tool [35]. If participants are not familiar

with the tool, theywill need to invest time in learning

about it.

One must choose the most appropriate tool for
each situation [8].However, this choice is not always

obvious. Instructors need to select some channels of

communication with the students of both subjects.

This means will also serve to announce and present

the tasks to the teams of students. In some of our

experiences, a virtual classroom using the Moodle

system, open to students and instructors from both

universities, was employed in our research. Also,
Google Suite and YouTube tools have been proved

to be very useful in the interchange of documents,

videos and peer review management. After experi-

menting with a tool, instructors should reflect on its
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potential for such an activity, the difficulties

encountered, and how to overcome them [3, 29].

3.2 Planning the experience

Once that the experience has been set up, the next
step consists in planning the experience.

When organizing collaborative teams, one must

consider how many students are participating at

each university. Since, it is highly unlikely that the

number of students at both universities match.

Therefore, instructors must find some way to

include all of them [10]. In our experiences, teams

were pairs, one student from each university, and
they were matched randomly. The remaining stu-

dents (from the same university) were organized in

pairs as well, and they did a similar task, except for

the online component. This organization can cause

problems if a student requests to be excluded from

the telecollaboration teams (this may occur, for

example, if the student thinks that there are neces-

sary additional requirements). Other authors have
applied the same approach [7], while still others

have opted to organize mixed teams with a student

fromone university and several from the others [24].

See Table 1 for other types of student teams.

The definition and planification of tasks is a vital

aspect in the design of any practical work. The

identification and definition of the tasks requires

coordination among instructors. It is important
that instructors convey a common vision of the

tasks to students at both institutions. Hence, the

instructors need to explain to each other some of the

concepts being addressed in their respective sub-

jects. This communication involves investing time,

which may affect the planning of activities. As

students of both subjects may have very different

prior knowledge of the issues to be addressed, they
may require different explanations in the definition

of tasks. In some cases, it may be necessary to

introduce or expand some topic in the subject [8].

In addition, all changes in the definitions of tasks

should be agreed upon by the teachers at both

institutions.

To achieve satisfactory planning, one must rea-

listically estimate the time needed to perform each
task. In addition to the time required for the task

itself, the time required for prior learning should

also be estimated (e.g., concepts and examples

shown in lectures). Typically, both issues meld,

since the completion of the task serves in many

cases as motivation to study the corresponding

part of the course. Furthermore, one must keep in

mind that online collaboration imposes additional
time burdens that should be taken into considera-

tion during planning [3, 6]. For example, it is

necessary to spend time learning about unknown

ICT tools, performing synchronous connections

(telephone, video conference)—many of which are

unsuccessful—or waiting for replies to message,

among other reasons.

Another important point is to reserve time in task

planning so that instructors can correct deliver-

ables. Students should receive feedback as soon as
possible [3]. Furthermore, in the case of chained

tasks (the result of one task is the input for the next

task) feedback is a crucial issue. If a student uses a

defective deliverable as input for a task, the quality

of this task’s output will be reduced.

In our experience, the students were provided

with a work breakdown structure (WBS), which

represents the tasks hierarchically. They also
received a Gantt chart, which places the develop-

ment periodof each task on the calendar.Moreover,

the above-mentioned deadlines for completion of

deliverables were established.

3.3 Executing

In this section, we focus on the execution of the
telecollaborative tasks that the teachers have

designed.

At the beginning of the practical work, we must

provide the team members with a way of making

contact with their partners. In our project, the

students were provided with their partners’ email

addresses through a virtual classroom common to

both universities. Therein, the instructions for per-
forming the tasks were published. After the first

year, the importance of proposing a very simple

initial task whose main objective was precisely to

establish and reinforce contact among the teams,

became clear. Other authors also identify the need

to generate trust, confidence and a shared identity

during the first week of collaboration [19]. In any

case, the aforementioned goals can be achieved in
the medium term and require regular communica-

tion [19, 33].

After completing the initial organizational activ-

ities, students should be prepared to tackle the

difficulties that may come up during the develop-

ment of the tasks. The main challenge is coordinat-

ing with a partner at a distance. The team will not

have regular contact in the classroom. So, the
telecollaborator students do not personally know

their teammates, how they behave normally, how

quickly they reply to messages, how responsible

they are, the interest that they have in the subject,

if they will meet the deadlines established by the

team, or what level of quality to expect from their

work.At this point, each team should agree, at least,

on how they will communicate (for example an
asynchronous tool and a synchronous tool, appro-

priate response times, etc.), and how they will

coordinate the tasks (who is responsible for each

task, level of quality to be achieved, etc.).
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Achieving regular communication within the

team and selecting the appropriate channel for

each situation is a considerable feat. Having tackled

this, the team will still encounter more difficulties in

communication. For example, with many tools the

non-verbal cues (gestures, tone of voice, etc.) are
lost (Redmond andLock 2006).With asynchronous

tools, communicationmay lose clarity [2]. Feedback

can be delayed, prolonging the communication. In

addition, students do not tend to be in the habit of

exchanging sketches, arguments, ideas or alterna-

tives with such tools. Moreover, synchronization

problems can appear. For example, students need to

reserve time to telecollaborate in their busy sche-
dules, or decide which tools will be used each time.

In addition, students often have many extracurri-

cular commitments; thus, many tasks are left to the

last minute. This habit has a particularly negative

effect on telecollaboration, where extra time is

necessary for coordination [21].

Another significant challenge is a joint under-

standing of the tasks to be performed by team
members. Problems have also been detected when

exchanging information and solutions obtained

from diverse materials (books, notes, etc.) and

from explanations provided by different instructors

[7]. The subjects themselves may belong to different

curricula, although they usually lead to equivalent

degrees. All these obstacles imply that students have

acquired different knowledge, skills and values
through various instructional methodologies [20].

Telecollaboration is a complex process, that is

different from face-to-face collaboration since it

encompasses information technology skills as well

as those pertaining to online interaction [6]. Stu-

dents at traditional universities may have no experi-

ence with similar activities. Given that this was a

new activity for the students, they were motivated;
but as often occurs with change, they also showed

some resistance to the unknown [36]. Initially,

students resorted to communication patterns that

work for them in classroom collaboration. How-

ever, developing communication methods more

appropriate to telecollaboration can be convenient

in this activity. To this aim, we must think about

how to interact with peers via online tools and how
to establish some basic rules for work and behavior.

Ideally students will understand as soon as pos-

sible what skills will be developed through the

telecollaborative experience. Some experiences

include discussions among instructors and students

about telecollaborative skills, what difficulties can

be expected, and how they might be overcome

[20, 23]. Logically, the level achieved in this tele-
collaborative competency greatly affects the level of

other generic and technical competencies to be

improved through the activity [2, 6, 11]. In the

generic competence type, these experiences led to

the development of general strategies for teamwork,

planning, organizing, applying, analyzing, creating

and reflection. In the technical competence type,

more specific skills such as programming or design-

ing abilities are acquired in the case of computer
science subjects. Instructors must decide whether

students already have sufficient skills for telecolla-

boration, or if, on the contrary, they will develop

these skills during the course [6].

In addition, there are numerous tacit rules among

people who share the same culture, including regio-

nal peculiarities, or other factors specific to the

university atmosphere. Many of those experiences
in the literature have detected problems that are

difficult to solve due to misunderstandings caused

by cultural differences [7, 21, 23].

3.4 Monitoring and controlling

In addition to planning, it is also important to

monitor and control students’ execution of the
tasks. In our experience, student teams asked ques-

tions or addressed their problems during classes,

using virtual classroom forums or through institu-

tional email. When adjustments in the planning

were made, or errors were corrected in previously

published documents, these three means (class,

virtual class, email) were also employed.

The feedback sent to a student team should be
consistent. It should follow the same format, and

avoid, for example, sending a rubric to one team

member and a simple numerical score to another.

Furthermore, as several instructors are sending

feedback almost simultaneously, they should agree

on a way to reflect the evaluation results for all the

phases. This idea of consistency takes on greater

importance when different feedback must be sent to
each teammember. If both communicationswere to

be compared, the information contained in them

must be consistent.

We asked students about the time invested in the

completion of each task, as well as the time spent in

communicationwith their partner. The purposewas

to analyze their time dedication and to adjust the

time estimates in subsequent courses. The students
were also asked on a regular basis if any problems

had arisen related to the tasks.

It is also convenient to devise specificmechanisms

for early identification of troublesome situations

and disruptive students. For example, some stu-

dents may fail to cooperate with their teammates.

Once such a problem is detected, the problematic

student should be excluded from the experience. In
other words, instructors ought to focus their energy

on supporting those responsible students. The phy-

sical distance between team members, the absence

of regular contact, and the lack of timely answers
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can leave a student without appropriate reaction

mechanisms.Nevertheless, the ICT tools used in the

telecollaboration allow inappropriate or unaccep-

table behaviors to be tracked [6].

As in the case of communication among students,

instructors should also make an extra effort to
maintain communication with their partners at a

distance. They must also maintain communication

with teams of students, for example addressing

questions or assisting students when problems

arise [3]. Technology enables communication and

helps build confidence; nevertheless, it is apparent

that geographic proximity surpasses everything that

can be achieved through virtual meetings or phone
calls [33]. Thus, face-to-face meetings in this type of

practice should not be discarded [7]. Indeed,most of

the projects included in Table 1 used these types of

meetings. In our own experiences, the instructors

involved (two per university) held two all-day face-

to-face meetings. In the first meeting, the initial

organization of the experience was established.

The secondmeetingwas dedicated to a final analysis
of the experience. In addition, weekly phone con-

versations were held during the course of the pro-

ject. These conversations lasted approximately

from 30 to 60 minutes. Moreover, no less than two

weekly emails were exchanged. Essentially, these

emails aimed to review the documents published

on the web for the students. As key deadlines

approached, communication increased signifi-
cantly.

3.5 Closing and analyzing

As such an experience is wrapping up, it proves
extremely interesting to collect the results, evaluate

them, and confirm whether the goals set at the

beginningwere achieved. Perhaps, themost obvious

results are the academic ones. In our case, the grades

obtained in the final exam and in the tasks com-

pleted throughout the semester were considered

(rated from 0 to 10). Another type of result is related

to student satisfaction. To this end, an anonymous

questionnaire was prepared, inquiring about differ-

ent aspects that include tasks execution, teammate

behavior, and the communication process. The

questionnaire included four-point Likert-type
items ranging from zero points (for very bad or

very little) to three points (for very good or a lot).

Other outcomes such as the acquisition of generic

skills could be included.

The results of our first experience are included in

Table 2, which is extracted from the results obtained

in [14]. These results showed that telecollaborators

obtained statistically significant better academic
results (with a medium effect size), but statistically

significant worse satisfaction ratings (with a large

effect size). The improvement in academic results

can be attributed to the effort required of students to

explain their own solutions to another person. This

other person may not be very familiar with the

subject, and may have to carry the baton in the

next phase. Such an explanation requires reflecting
on the task itself, which most certainly produces an

increase in comprehension [37]. Regarding satisfac-

tion, telecollaboratorsmayhave perceived that their

task was more demanding than face-to-face colla-

borators. Extra effort is required by remote com-

munication. The evaluation system also had a

negative influence on satisfaction. The collaborative

task affected the final mark in quite different pro-
portions at both universities. In addition to the

above, there could be other differences between

the courses at both institutions, for example, if the

activity is compulsory or optional. This type of

situation can cause some students to believe that

the level their team members’ involvement is very

different from their own and that the importance of

deliveries and grades is greater for some than for
others [21]. However, for a satisfying learning

experience, it is meaningful to have more tolerance
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Table 2. Academic results and satisfaction in Telecollaborators and Face-to-face students. Adapted from [14]

Telecollaborators Face-to-face
Telecollaborators
vs. face-to-face

Effect size
(Cohen’s d)

N 36 56

Academic results
Mean (SD) grade 4.21 (2.52) 3.07 (2.08) t = 2.280 df = 85* 0.49
% Pass exam 35.3 18.9 �2 = 2.958 df = 1+

Teamwork grade 4.53 (1.98) 4.27 (2.81) n. s. 0.11
% Attendance rates 98.2 95.9 n. s.

Satisfaction items
Collaborative work 1.47 (0.84) 2.17 (0.82) U = 544*** –0.84
Communication valuation 1.60 (0.88) 2.47 (0.80) U = 419.5*** –1.03
Teamwork valuation 1.56 (0.86) 2.21 (0.64) U = 594*** –0.86
Experience general valuation 1.33 (0.76) 2.00 (0.59) U = 444.5*** –0.98

n. s. no significant p > = 0.1, +p < 0.1, *p < 0.05, ***p < 0.001, t = t-Student test, U = Mann Whitney test.



to failure and encourage students’ learning through

a telecollaborative experience [30]. This approach

could force to focus on the learning experience, and

manage the production process in a flexible way,

which can easily lead to a decrease in the quality of

the final project, which cannot always be allowed.
Regarding the amount of time invested by stu-

dents, therewas a significant dispersion.While some

students attested to complete the tasks and commu-

nicate with partner in less time than what was

expected, others multiplied these times by a signifi-

cant factor. These results complicate analysis and

decision-making. Therefore, the questions on the

form must be very precise, clearly distinguishing
between performance, study, and communication

times.

4. ICT technology

Collaboration and communication tools are critical

components of telecollaboration [2]. There are
different families of collaborative tools: a course

management system—such as the official course

platform (for example, Moodle or BlackBoard)—,

synchronous communication tools (videoconferen-

cing, Skype, or Google Hangouts), asynchronous

communication tools (for example,Moodle forums,

Facebook, email, orWhatsApp), document sharing

(for example, Drive or Dropbox), collaborative
writing (for example, Moodle wiki or Google

Docs). From a management point of view, it is

critical to consider the needs and motivations

behind the selection of technology [2]. In addition,

it is also important to have a set of technologies

which can be offered at different phases of the

collaboration [30].

Some teachers are in favor of requiring the use of
specific communication tools for their students,

such as virtual classroom forums [26]. The motiva-

tion behind such a requirement is probably the

teacher’s desire to supervise communication

within the teams. But students may be more accus-

tomed to other tools that are equally useful, or even

better, for the intended purpose. In addition, it

should be noted that the choice of the technology
is strongly influenced by peers [38]. A requirement

imposed by an instructor does not prevent students

from using their favorite means of communication.

To keep up appearances or meet the requirements

indicated by the instructor, the student may post

artificial messages from time to time in the manda-

tory tool. An example of this situation is found on

[7] where at the beginning of the course, instructors
organized videoconferences for students to get to

know each other. However, students preferred to do

so by email. In [21], instructors installed a version

control system for each team of students, but the

students preferred to utilizeGoogle Docs instead. A

sensible idea is proposed by [10] in which the

teachers chose a wiki as the central online space

for the project and this tool is used as initial

communication channel. But, after that, teams

could decide to use other communication channels
and online tools for working on their team tasks.

The visibility of this initial phase was important for

the teachers to be able to see that the teams were all

up and running.

In our work [14–16], the different kinds of inter-

action between students, between teachers, and

between students and teachers were observed. The

problems that arose were similar both for teachers
and students. These problems came about, for

example, when making decisions, working on

teams, and meeting deadlines. However, there

were differences in the way students and teachers

dealt with those problems and the tools they used.

Instructors mainly used institutional email, and a

virtual classroom as a mean of asynchronous com-
munication. The primary mean of synchronous

communication was the institutional phone. Occa-

sionally, audio and video conferences were orga-

nized. Two all-day meetings were held each

academic year, as mentioned previously. Albeit

subjectively, the instructors felt comfortable and

pleased with these tools [14].

After analyzing the communication channels
used by the students, it should be noted that email

was the most frequent tool, followed at some dis-

tance by social networks. Synchronous tools such as

chat and audio and video conference were utilized

less frequently. In general, students reported low

satisfaction with communication [14]. The predo-

minance of email may be due to several factors.

Firstly, email was the mean chosen to establish
initial contact between the teams (one student

from each university). To that end, they were

asked to exchange email addresses. In addition,

email is usually the common communication chan-

nel with instructors. Furthermore, it seems that

students prefer to distinguish channels of leisure

and of work. Therefore, we may conclude that

students perceive that both the phone and social
networks pertain to their personal life. The imme-

diacy provided by these tools in obtaining response,

as compared with email, and the anxiety that slow

response time may produce may have been the

principal cause of low satisfaction [8].

In other experiences, such as that described in [7],

email was also themost widely employed option. At

this university, students also used the email system,
provided by the learning management system, to

collaborate in teams. The Skype video conferencing

system was utilized to hold team meetings and
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Google Docs for putting together the final report.

These tools were also used in the experiences

reported in [21], along with the version control

system repository created for each team. Also, in

[2] the communication by means of email is still

preferred, in spite of existing social and more user
friendly tools. In this last work [2], video conference

and the use of Google technologies are also used.

See Table 1 for a description of the tools used in

other projects.

5. Institutional context

In the present case, universities are the backdrop for

these experiences. And based on these experiences,

it has been observed that the institution should not

be the promoter of telecollaboration projects [29,

33]. However, there may be academic rules, drawn

up without considering such initiatives that can

interfere or hinder their organization [29]. To

arrange telecollaboration between universities, per-
sonal contact between instructors appears to be the

most effectivemeans [29, 33].Academic institutions,

on the contrary, usually do not grant much recogni-

tion to such initiatives.

Currently, a culture of flexibility and innovation

is growing in the universities [4]. Many have, for

example, institutional programs to promote educa-

tional innovation or to exchange students. These
programs encourage and facilitate the development

of educational initiatives such as those presented

herein. In addition, universities have other coopera-

tion channels, especially in the field of research.

Access to university facilities and the use of its

resources (meeting rooms, computers, etc.) by visi-

tors from other universities is usually fairly flexible

[20]. And while during periods of economic diffi-
culty, strong financial support for this type of

activities cannot be expected, a minimum level of

funding is essential to, for example, cover travel

expenses associated with meetings.

Among the institutional conditions that may

hinder the implementation of telecollaboration pro-

jects, are the often extremely rigid rules for evalua-

tion [29]. For example, many universities establish
that all subjects must include a final exam compris-

ing 100%of the course grade. This examinationmay

constitute an alternative allowing students to cir-

cumvent the telecollaboration task. Another exam-

ple is the alternative ways of obtaining credits

established by universities, with which students

can bypass certain subjects [7]. Other elements

that may have a negative impact on telecollabora-
tive initiatives are: assessment of the instructors’

quality of work, usually measured by satisfaction

surveys completed by the students; or the manda-

tory use of institutional educational platforms. Let

us assume that the instructor offers interesting tasks

for the student’s education and learning but that are

unpleasant to perform. By using traditional tools to

measure satisfaction, where this type of situation is

not considered, the result can be very similar to that

obtained by a negligent or careless instructor. These
negative results can also adversely impact recogni-

tion of the instructor’s work and his or her desire to

innovate in the teaching of their subjects in the

future.

6. Discussion

One way to introduce the competence of remote

collaboration through ICT tools in traditional uni-

versities is to organize telecollaborative experiences

between students from two distant universities [3].

To design and monitor this type of experience,

appropriatemodels, guides, and examples of lessons

learned can be of significant assistance.

Some telecollaborative experiences are included
in the literature dealing with several obstacles. The

most noteworthy challenge is the time it takes to

adapt to this way of working [3]. For example,

communication is established using tools that

reduce non-verbal communication [2, 14]. Also the

task of coordination, and communication itself,

requires a greater time investment than face-to-

face contact [29]. For educators, telecollaboration
also implies a certain loss of control over their

subject. It may also be difficult to find suitable

instructors with whom to collaborate [29]. More-

over, an improvement in academic results or in

student satisfaction does not readily justify instruc-

tor satisfaction. Rather, an instructor’s satisfaction

is found on the learning achieved by students

through peer collaboration, the introduction of
innovations, and the possibility of turning the

experience into a research study [4]. The effort

required for this type of experience is significant.

Thus, linking the collaborative work to research to

achieve external recognition is an interesting option.

Nevertheless, the latter idea is not so straightfor-

ward, since it requires tasks designed exclusively for

research, such as data capture, or the design and
realization of surveys. Suchworkmay interfere with

an instructor’s effort to improve student learning,

provide feedback on time, or correct errors. How-

ever, innovations in the area of teaching are aligned

with other innovations and changes occurring in

fields such as technology and industry. Therefore,

scholars should, to some extent, research teaching

practices [8].
The different experiences found in the literature

reveals many commonalities regarding the most

convenient way to guide these collaborations. For

instance, the planning of tasks must take into
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account the different calendars and the varying

levels of interest to cooperate in describing the

activities [3, 7, 21, 20]. Furthermore, instructors

ought to reflect with students on the most appro-

priate tools for each task or even offer training on

the use of concrete tools or appropriate functional-
ities [2, 8].

There are also some differences among experi-

ences relayed in the literature (see Table 1). For

example, collaboration can be between pairs of

students (one from each university), or one student

collaborates with several students from another

university; the type of activity or the tools used;

and whether or not face-to-face meetings between
students or instructors are held, etc.

The development of telecollaborative experiences

is facilitated by ITC tools, that progressively incor-

porate new facilities and are widespread for the

whole population in their daily lives [2]. Different

ways of taking advantage of these possibilities,

when dealing with experiences of telecollaboration,

have been considered from very different
approaches, methods and objectives [2, 10, 21, 23];

however, they have not consolidated standardized

ways of proceeding. Our trajectory of interuniver-

sity telecollaboration systematically deployed over

the years, allows us to raise as critical aspects the

instructors’ planning and coordination, a require-

ment for the successful and continued deployment

of the experiences of telecollaboration. The evolu-
tion, progressive extension, and ease of use of

computer tools allow us to focus more on the work-

ing methods than on the characteristics of the tools,

and these tools are more than enough to put into

practice various alternatives of telecollaboration

based on work in distributed teams [14], the

exchange of feedback [15, 17] or the exchange and

integration of materials [16].
In general, there are few empirical studies on

telecollaborative experiences and it has yet to be

established what is most convenient throughout the

different phases. Possibilities abound for future

empirical studies. For example, one may investi-

gate, regarding satisfaction or the quality of the

deliverables, what type of collaborationoffers better

results depending on the number of members on
each team from each university. And yet another

option for future researchwould bewhich tool leads

to better results for each type of activity.

The model that we propose in this paper could

have the following limitations. It has been built on

collaboration made between students which share a

common language. International telecollaboration

among students with different mother tongues
should carefully take this aspect into consideration.

In addition, although the model has been success-

fully put into practice for almost a decade between

two different Spanish Universities in Computer

Science disciplines, it should be proved in other

countries and disciplines.

7. Conclusions

In the context of higher education, due to globaliza-

tion, graduates need to be able to work comfortably

in an increasingly distributed team context. There-

fore, it is important that students can telecollabo-

rate in a teammaking effective use of ICT tools. One

way to introduce the competence of remote colla-

boration through ICT tools in traditional univer-

sities is to organize telecollaborative experiences
between students from two distant universities.

The primary benefits that students can gain from

these experiences include: learning different ways to

collaborate, gaining experience with proper tools,

or collaborating with students from different back-

grounds. Educators, in turn, contact other teachers,

exchanging views and ways of working. Thus,

creativity and innovation in teaching is promoted.
To design and monitor this type of experience,

appropriatemodels, guides, and examples of lessons

learned can be of significant assistance. In this work,

we have presented a telecollaboration model

approach between engineering students and instruc-

tors from two distant traditional universities which

has been successful applied along several years.

Potentials, difficulties and key elements are identi-
fied to promote an experience that is feasible,

effective—regarding the intended objectives—and

sustainable over time. We understand the organiza-

tion of a telecollaborative experience as the devel-

opment of a project, and we have structured the

experience through the five processes typically iden-

tified in such development: initiating, planning,

executing, monitoring and controlling, and closing
processes. Also, reflections on technological aspects

and the role of university institutions are included.

This model is intended to aid in the organization of

experiences in different contexts, and it may serve as

a guide to deal with the frequently occurring issues,

alongwith some ideas to solve and even avoid them.
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