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Abstract: Collaborative international learning (COIL) is one of the most recently adopted higher education
activities, especially after the pandemic. In COIL, students from two countries come together through digital
communication tools to participate in academic activities coordinated by professors from both countries. Despite
frequent academic and innovative activities, studies analyzing these activities still need rigorous exploration.
Although the COIL strategy proposes collaboration as one of the central cores, few studies examine the
competencies students require for optimal team performance. This work aimed to characterize the collaborative
and digital competencies of students who learned in a COIL experience. The results showed that the student's
personal experiences are at the forefront of how they develop and perceive their digital and collaborative
competencies when learning with others and that the educational modality to which students are continuously

exposed impacts the competencies they develop and how they collaborate.
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Introduction

Collaborating involves working together to achieve common goals (Guitert & Pérez-Mateo, 2013). It also
requires coordinated, continuous, flexible, and symmetrical efforts and distribution of assignments according to
each one's expertise and the nature of the task (linuma et al., 2016; Roschelle & Teasley, 1995). In addition, it
demands dialogue, collective construction, negotiation of meanings, management within the group, and

awareness of each group member about each one's strengths.

Lewis (2003) proposed a cognitive measure called Transactive Memory System (TMS), which allows
understanding of the cognitive functioning of a collaborating team based on three dimensions: specialization,
Coordination, and Credibility. Specialization reflects the differentiated knowledge of group members;
Credibility, the members' beliefs about the reliability of other members' knowledge; and Coordination, the

efficient and coherent processing of the group's knowledge (Garcia-Chitiva, 2020). These dimensions are
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shaped by trainees' increasingly detailed knowledge about what their teammates know and can do. They also
comprise coordination systems deployed to establish effective channels and moments to communicate, work,
and meet expected objectives. This deployment contributes to Credibility, constituted by the time spent working

together and the positive or negative experiences of working with peers (Garcia-Chitiva, 2021b).

How collaboration is developed also adds value to learning with others. For example, if it is face-to-face, the
possibility of having immediate feedback from peers and teachers is direct and more significant (Pefarrubia-
Lozano et al., 2021), while doing it in an online environment ‘can extend the response time, requires the support
of tools to communicate (e.g., email, mobile applications, etc.), and even require teaching and learning to be

balanced between flexibility and teacher guidance (Lin, 2020).

The Collaborative Online International Learning (COIL) strategy is among the ways to teach and learn online.
COIL has as its primary purpose the development of academic and intercultural knowledge exchanges between
teachers-teachers, students-students, and teachers-students from different national and geographical contexts
(San Martin etal., 2022), i.e., its primary purpose is the internationalization of the curriculum and the
development of intercultural skills. Being grounded in the collaborative structure, COIL could be said to be a
learning activity in which "peers work together towards a common goal, with a certain degree of symmetry in
their actions and knowledge" (Dillenbourg, 1999, p. 8). Therefore, it favors the dynamics of interaction,
collaborative negotiation, and exchange of meanings in group work (Stahl et al., 2006) and joint knowledge

construction while learning.

Given its nature, COIL has provided opportunities for cross-cultural contact among groups of students,
especially those with fewer resources who cannot finance international travel (de Castro et al., 2019; (Gutiérrez-
Gonzalez et al., 2023). Studies on COIL have been predominantly exploratory. De Castro et al. (2019) analyzed
the characteristics of experience ratings perceived by university students after participating in COIL learning
experiences. In another study, Gutiérrez-Gonzalez et al. (2023) determined the effect of the COIL experience on
the communicative competencies and educational achievement of Architecture students, while Simdes &
Sangiamchit (2023) and Loyo Rosales & Gutiérrez (2022) examined the incidence of the COIL experience on
developing intercultural, digital, and communicative competencies in English, adaptability, and research
competencies in university students. Participants' perceptions and learning outcomes have been favorable in all

cases.

However, other variables relevant to the learning processes with others and online have yet to be systematically
addressed; for example, differential aspects of the collaborators concerning their digital competencies to
perform online when working in teams. Nor do we anticipate studies that examine in detail aspects that shape
the activity of collaborating, such as the levels of expertise of the group members and the use that the group
makes of this knowledge, as well as the levels of Coordination and communication that they achieve for joint
performance. These relationships become essential due to the development of the COIL experience in different

cultural contexts, in which students' different dispositions for working with different ways of accessing and
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processing information may be present, as well as the impact of their digital competencies. It is a space where

collaboration is possible because it takes place online.

This study examines whether there is a relationship between the experience of learning collaboratively online

when the colleagues in the group have different digital competencies.

Learning collaboratively online involves the knowledge of one's digital competencies and those of peers to
perform in a virtual or online environment (Col&s-Bravo et al., 2017). This is essential in online learning
environments, considering that low digital competencies can affect individual performance and group
achievement and thus generate demotivation and conflicts in teams (Huachara-Martinez et al., 2023; Lin, 2020).
Recent studies analyze the relationship between digital competencies, the optimal development of collaborative

learning, and success in educational achievement (Huachara-Martinez et al., 2023).

Others have examined how digital competencies facilitate or hinder student participation and outcomes in online
learning environments (Kwiatkowska & Wisniewska-Nogaj, 2022). In addition, the relationship between digital
competencies and how computer-mediated instruction and online systems favor learning and collaboration has
been reviewed (Garcia-Chitiva, 2021b).

In this context, digital competencies play a crucial role in online collaborative learning, and some teammates
may be more advantageous than others in this aspect. Therefore, from perspectives such as those of Conde
Jiménez, (2017), multidimensional scales have been proposed to examine them and identify strengths and gaps

to be covered to increase student learning opportunities.

Although the COIL strategy proposes collaboration as one of the central cores in this scenario, only some

studies examine the competencies students require for optimal team performance.

Therefore, this work aimed to characterize the collaborative and digital competencies of students who learned
collaboratively in a COIL experience. This is to identify patterns, areas of strength, and opportunities for
improvement that provide evidence for similar subsequent ones. This is critical, as possessing digital and
collaborative competencies can be critical to student learning. It is also valuable for the teacher to understand
which competencies require further development. In this way, he/she can design and develop pedagogical

actions that strengthen them.

Given the above, this paper conducted a statistical profiling of the 21 groups formed by students from two Latin
American universities who worked together in the COIL experience documented here. This is to identify the

relevant collaborative and digital competencies in the groups and those that require further development.

Lewis's (2003) proposal, which examines the cognitive functioning of team members working together, was

used to examine the collaborative process. This has three dimensions that were addressed by Garcia-Chitiva
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(2021) to examine team collaboration: Specialization (expertise and knowledge of each member), Credibility
(knowing who knows what and trusting the contribution they make to the work), and Coordination (agreeing on
attitudes towards the work and developing effective communication). To analyze digital competencies, the
dimensions proposed by Conde Jiménez (2017) were taken in his three-dimensional scale: instrumental
(includes basic technical skills for the use of information and communication technologies -ICT); strategic
(involves the creative use of ICT to build and create with social impact) and expansive (refers to the

appropriation and reinsertion of ICT tools in different cultural and social contexts).

In the following, the methodological approach of this work is presented. The results and their subsequent

discussion follow this. The paper concludes with conclusions and recommendations.

Method

The cluster analysis methodological approach, in which the non-hierarchical K-means method was used, was
used. This method facilitates the identification of variations in groups by establishing similarity and clustering
(Chen & Witten, 2023).

Data pre-processing

Data processing was carried out with the R libraries tidy and dplyr (R Core Team, 2023), rows with missing data
were removed, missing values were imputed, and the scores of the scales used were normalized (mutate() and

scale()).

Data analysis

Subsequently, the factoextra and cluster libraries were used to perform K-means clustering. The Euclidean
method was used to calculate the distance matrix between the groups to cluster the groups. This made it possible
to determine the students' similarities and dissimilarities (Rquer, 2020) based on their responses to the scales.

The k-means method was then applied to divide the data into clusters.

Instruments

Two types of instruments were used. Lewis's (2003) TMS test, adapted to Spanish by Garcia-Chitiva (2021),
consists of 15 items to examine the perception of collaborative work, or collaborative competencies per se
(within groups), in terms of expertise, Coordination, and Credibility. The second, developed by Conde-Jiménez
(2017), has 22 items and examines digital competencies in the Instrumental, Strategic, and Expansive

dimensions. A five-point Likert scale ranging from strongly disagree to agree strongly was used in both cases.
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Sample
The sample comprised 65 students from two private universities in Ecuador and Colombia. Table 1 presents
details of January, courses, and programs of study. The Ecuadorian students were enrolled in face-to-face health

and architecture programs, and the Colombian students were enrolled in virtual education programs.

Table 1. Participants

Characteristics Nominal Distribution

Gender

Female 35 (53%)

Male 30 (47%)
Age (years)

18-26 43 (66%)

27-35 16 (24%)

36-43 6 (9%)
University

Ecuador 33 (50,7%)

Colombia 32 (49,2%)

Caracteristicas de la actividad colaborativa en la experiencia de aprendizaje COIL desarrollada

The experience occurred over six weeks and was structured in three specific moments (see Figure 1). The
students worked in freely formed groups. As conditions for the formation of the groups, the students were told
that each group could contain a maximum of 4 people and that in each of these groups, there had to be students
from the two universities, University 1 Ecuador, and University 2 Colombia. In the introductory stage, the

students got to know each other, formed groups, and learned about the expertise of their classmates.

In the second stage, they developed collaborative work each week, under the agreements of times and
communication channels to meet in each group. In this stage, there was continuous asynchronous
accompaniment by the teachers (1 Ecuador and 1 Colombia) every week and a weekly synchronous meeting. In
the third stage, the groups of students used the data and/or information collected, analyzed it, and, through
counseling with the teachers, specified the appropriate type of methodological orientation according to the type

of topic addressed and the information collected.

In addition, they generated the writing of the research report in which the conventional structure of a research
article was considered (title, abstract, keywords, introduction, method, results, conclusions, recommendations,

and references). During the closing session, each group presented their proposal.
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Figure 1. Flow chart COIL educative experience.

The task of the collaborative activity consisted of developing a research report from the generation of the topic
of interest and formulation of the problem to the generation of a working paper (WP) research report. The
activities' contents and development were arranged in the Google Classroom platform and distributed in four

units (see Figure 1).

Results

We begin our analyses by examining the participants' aggrupation from the Euclidean distance of their average

response to all questionnaire items. A cluster analysis of the Euclidean distance matrix revealed the presence of

six clusters with an unequal number of subjects per cluster (see Figure 2).
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Figure 2. Group members clustered by their responses in the questionaries.
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This analysis detected two interesting data patterns when examining the total collaborative and digital
competencies scores in the resulting clusters (see Figure 3). On the one hand, total scores for collaborative
competencies (e.g., specialization, credibility, and coordination) were higher than for digital competencies in
clusters 1, 3, and 4. On the other hand, the total scores for digital competencies (instrumental, privilege,

appropriation, and expansive) were higher than those for collaborative competencies in clusters 2, 5, and 6.

Average

Specialization Credibility Coordination Instrumenta Privilege Apropriation Expansive
as.factor(x = DimensionCompet)

Figure 3. Differences in collaborative and digital skills by cluster

In this case, Colombian students outperformed their Ecuadorian peers in all three dimensions of digital
competencies. Given that the Colombian and Ecuadorian students only met after these coil sessions and came
together in small groups of three members, we examined whether their educational backgrounds played a role in
obtaining these total scores. We observed statistical differences between Colombian and Ecuadorian students on
three dimensions of the collaboration scale, such that Ecuadorians outperformed their Colombian peers. In the
competence scale, significant differences were observed in the high scores of Colombian and Ecuadorian

students, mainly in the instrumental dimension (see Table 2).

Table 2. T-student comparative analysis by adscription country participants

Ecuador M(sd) Colombia M(sd) t(df) p-value
Specialization 19.91(3.85) 16.83(4.66) 2.87(58.4) .005*
Credibility 19.82(3.8) 16.61(3.10) 3.69(61.99) 0.0004**
Coordination 18.35(3.68) 15.12(3.24) 3.75(62.9) 0.0003**
Instrumental 14.3(2.69) 22.2(4.15) -9.07(50.62) 3.39e-12***
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Privilege 22.64(4.89) 31.58(3.08) -8.88(56.28) | 2.64e-12%**

Apropriation 11.23(2.42) 16.25(3.15) -715(56.2) | 1.91e-9%**

Expansive 12.41(3.54) 18.09(4.13) -5.92(59.4) | 1.68e-7%**
Note: * p < .001. ** p < .0001. *** p < .00001.

Discussion

This work aimed to characterize the collaborative and digital competencies of students who learned in a COIL
experience. To meet this objective, a statistical profile was developed from which six clusters were derived,
which were diverse regarding the members of the groups formed to collaborate. The clusters' agglutination
variety is estimated to have at least three origins. The first concerns people's differences (e.g., cognitive styles,
learning styles). This particular trait implies people's preferences for learning and relating to others (Aggarwal

et al., 2023), and even a preference for specific communication channels and times.

Secondly, it is also part of another culture because of the novelty of working with strangers. This aspect has
been documented in the teamwork literature, where it is mentioned that extended working time is vital to
strengthen the interaction and performance of collaborative teams (Garcia-Chitiva, 2021a, p. 48). While in the
COIL educational experiences, one cannot expect extended learning time beyond a few weeks (usually six), it is
crucial that educators can generate an introduction among students to each other's cultural issues, experiences,
and tastes of their peers from another country. For example, do introductory activities using different formats or
synchronous introductory activities in which students talk about their tastes, work preferences (e.g., types of

homework, schedules, etc.), and other aspects that allow them to get to know each other.

Thirdly, the statistically significant differences in collaborative competencies in favor of the Ecuadorian
students have to do with the fact that they were part of a face-to-face program and knew each other previously.
Since the groups were freely formed, students from this country were placed with peers of the same nationality

in 11 of the 21 groups.

As for the advantage of Colombian students in digital competencies, it is assumed that this high perception is
because these students are enrolled in a virtual mode. Therefore, using ICT and the Internet is part of their daily

routine.

Considering the abovementioned, the present work contributes to the visibility of the strengths to guide
collaborative learning processes in a COIL Experience. Also, it finds a way to include orientations and
guidelines to collaborate, which allows all students to strengthen their credibility, coordination, and expertise.
Similar support is also required for the development of digital competencies. Teachers can perform diagnostics
to identify which aspects of the competency need to be strengthened. On the other hand, the possibility of

incorporating other personal and contextual variables in future studies is also becoming visible. In addition,
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there is a need to configure symmetrical collaborative teams (Isohéatala et al., 2020), to encourage effective

collaboration among participants.

Conclusion

Considering the above, this paper contributes to the visibility of the strengths to guide collaborative learning
processes in a COIL Experience. It is recommended that future studies consider the possible inculcation of
orientations and guidelines to collaborate in the curriculum. This will enable students to authentically, in

practice, strengthen their credibility, coordination, and expertise.

Guidance for developing digital competencies is also required. Teachers can perform diagnostics to identify
which aspects of competence need to be strengthened. Finally, the possibilities of incorporating other personal
and contextual variables in future studies are visible. In addition, it is necessary to set up symmetrical

collaborative teams to foster effective collaboration among participants.

Recommendations

It is recommended that future studies seek symmetry in the groups of students participating in the COIL
experience, i.e., that they are students with the same modality (virtual or face-to-face) and that they are from
similar educational backgrounds, to determine the characteristics of collaborative and digital competencies

without the pre-existence of these marked differences.

Jointly analyzing collaborative and digital competencies in samples of students participating in COIL
educational experiences in educational and cultural contexts other than Latin America may generate interesting

results.
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