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Abstract: For students to compete in the globalized world, it is essential to be proficient not only
in knowledge but also in soft skills. Students should know how to work collaboratively towards
a common goal; in this sense, it is recommended for educators to enhance collaborative learning
competency, particularly in students in the final part of their studies. Important efforts have been
made to study collaborative learning; however, those that focus on collaborative competencies in
engineering students close to finishing their studies have not yet been explored. In this context, this
research proposes a teaching–learning model named “Colabora” to foster collaborative competencies
in students soon to graduate from an industrial engineering program. It includes the development of
a progressive final project, the use of a digital platform, and specific assessment tools. An exploratory
study was conducted in a private university in Mexico during a semester-long innovation manage-
ment course. Results show that the students who applied “Colabora” obtained the most knowledge
on the subject of innovation management and showed greater collaborative competence. This ap-
proach adds value for educators and researchers interested in fostering collaborative competencies
useful for future professionals that work in teams pursuing common goals.

Keywords: collaborative learning; collaborative competency; teaching–learning resource; higher
education; educational innovation

1. Introduction

In the educational field, promoting collaborative competencies in students who gradu-
ate soon is essential, particularly for future professionals involved in innovation, whether a
product or a service. The development of successful innovations requires effective team
effort that fosters interaction and knowledge sharing in a collaborative environment to
achieve common goals. In that sense, besides cognitive abilities such as critical thinking,
information literacy, reasoning, and argumentation, an education of excellence should also
increase intrapersonal and interpersonal collaborative competencies for proficiency in a
globalized and complex world [1]. There is a need to strengthen skills and competencies
in higher education to satisfy the workforce demands of an increasingly globalized world.
Educators should help students to face the challenge of interacting with diverse cultures,
and it is essential to prepare them with a perspective of collaborative work to develop com-
mon solutions, promoting better working relationships [2]. For instance, with the current
challenges, to be competitive, companies and institutions need to develop international
collaboration strategies and alliances, which requires the effective execution of collaborative
work competences [3].

Collaborative learning uses a learner-centered approach in which participants work
together to acquire knowledge. It integrates students in an environment where every-
body grows by learning and students exchange knowledge continuously to develop a
common task. Effective collaborative learning is developed through equal work, promoting
cooperation among the members of the group instead of competition between individu-
als [4,5]. Learning in cooperation is a prelude to the eventual practice of the collaborative
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teamwork approach to solve problems and conduct projects based on mutual interactions.
Cooperative learning describes a set of instructional practices that promote student inter-
dependence to achieve cognitive and social growth, while collaborative learning is based
on a social constructivist perspective in which learners gain knowledge in a social context,
which promotes the assimilation of values, behaviors, and beliefs within a community
of learners [6]. Collaborative and cooperative learning techniques encourage students
to improve their ability to formulate and discuss ideas to effectively both assimilate the
information they receive and communicate it [7]. Collaborative learning is also a factor
in encouraging continuous improvement in education, boosting elements of the teaching
process, and providing the opportunity to develop new strategies to enhance students’
competencies [5]. In addition, the experience provided by collaborative learning gives
students a more effective form of interaction since every participant develops valuable
problem-solving skills by testing their ideas and obtaining coordinated feedback under
a synergic approach [8]. Collaborative learning can empower students’ high-level think-
ing and improve their critical thinking by asking, analyzing, synthesizing, interpreting,
reasoning, and inferring [9]. While critical thinking encompasses a process of logically
and objectively analyzing information, problem-solving involves a process of identifying a
problem and reasonably evaluating its details to determine the most appropriate solution.
According to Campo et al., debates, projects, practice in realistic situations, research, co-
operative learning, and case studies are the main activities that students identify as being
most effective in the development of critical thinking [10].

Students can strengthen their competencies by integrating new networks of informa-
tion and knowledge and becoming inspired to join efforts, working as a team towards
common goals [11]. Organizing students into groups to carry out class assignments and
projects is not the same as team assemblies, even when the term “team” is used, and
collaborative learning is particularly focused on team assemblies that develop specific
competencies by working together. Teamwork, communication, individual priorities, and
external influences are some of the main perceived challenges for the students in collab-
orative learning [12]. Frequently, students are simply placed in team projects without
any specific direction and, as a result, students may graduate without being adequately
prepared to achieve team goals, triggering ambiguous goals, with unequal distribution of
activities that causes conflicts and, therefore, poor results [13,14]. A certain degree of dissat-
isfaction and frustration can occur in students due to their inability to deal with team issues,
such as workload distribution, logistics, and group dynamics, causing demotivation [15].
Precisely, the main problems that students face are related to scheduling disagreements,
absence of leadership, opportunism, or social laziness from their members. Sometimes this
causes some students to prefer to work on their own [15]. Different studies have analyzed
the development of competencies from a collaborative team approach, including the early
detection of problems during the execution of joint activities [16].

Professors are crucial in preventing such circumstances and can take action to im-
prove the educational model. It is necessary to encourage professors to teach collaborative
competencies in group projects [17]. Frequently, these competencies are often learned
by students on their own, while struggling with many problems. Since these abilities
are a fundamental part of the successful development of students, educators should take
the responsibility of leading, guiding, and giving students tools for working collabora-
tively [17,18]. Moreover, educators that apply collaborative learning can enhance their
leadership and promote shared responsibility for their students’ progress, helping one
another to excel in the classroom [19]. Constructive management of emotions, critical
thinking, problem solving, creativity, initiative, decision making, and risk assessment also
contribute to collaborative learning. Students develop the ability to learn thanks to the
proper motivation, time management, and organization of group or individual tasks [20].
They also develop self-awareness of duly achieving their goals on time, overcoming ob-
stacles step by step while assimilating new knowledge and developing new skills. To
enhance collaborative learning, different strategies can be helpful, including expositional
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participation, in which having organized content following a sequential module is essential,
as proposed by Ryu and Parsons [21]. Another is the so-called exploratory learning, where
participants discover knowledge and arrive at conclusions through different paths. A third
strategy is related to sharing participation, where the creation of communities or teams is
the key to understanding and accomplishing tasks; finally, there is experiential learning: a
technique focused on combining real-world interactions with digital representations and
physical elements to explore concepts and improve skills such as leadership. In addition,
collaborative learning has been explored along with other approaches, such as service learn-
ing, which integrates community service and social commitment integrating knowledge
learned through collaboration.

Particularly, in students soon to graduate, collaborative learning strategies should
be implemented to promote collaborative competencies since are fundamental to become
successful professionals, prepared for the uncertainties and difficulties of the modern world.
According to the World Economic Forum [22], graduates are expected to have competen-
cies that enable them to create a more inclusive, connected, and productive world, where
problem-based and collaborative learning have a determinant role for peer collaboration
and real-world problem solving. Deliberate interventions are needed under educator-led
and school-based approaches to innovation [23]. In this context, it is essential to teach
students a set of fundamental teamwork-oriented soft skills such as organization, work
planning, collaboration, and communication, among others [24]. For this aim, information
technology (IT) is key in fostering collaborative practices that influence quality teach-
ing [25] by providing tools that help strengthen collaborative work, team organization,
and continuous interactions, leading students to improve their learning experience [26].
As technology becomes increasingly relevant in education, the use of technology-based
collaborative learning is also becoming more important to assist in finding solutions to
team organization problems.

Educators have an important role in the transformation of traditional education,
especially with the emergence of educational environments supported by IT [27]; they
should promote conditions for effective peer interactions. When designing collaborative
learning tools, professors need to start with clear activities that provide a framework for
collaboration and problem solving that require explicit guidance for students to complete
the tasks and encourage them to explain concepts to each other. Important efforts have been
made to develop collaborative learning tools. For instance, Laakso et al. designed ViLLE, a
collaborative learning tool that includes activities for teacher–student and student–student
collaboration and provides automatic evaluations and real-time feedback to support the
teaching of computer science and mathematics [28]. On the other hand, Tiradentes et al.
designed a collaborative learning tool called the Method 300 application with features such
as mobility and accessibility that can be applied in different domains to enhance the team
learning process [29].

Collaborative learning models that focus on fostering collaborative competencies in
soon to graduate engineering students have not yet been explored. In this context, this
research proposes a teaching–learning model named “Colabora” that was designed to
promote collaborative competencies in soon to graduate students that belong to an in-
dustrial engineer program. This model includes a final project which students develop
during one semester, the use of a digital platform, and assessment tools. To accomplish
this, “Colabora” comprises collaborative learning strategies such as the expositional partici-
pation, exploratory learning, and sharing participation previously mentioned. This model
is particularly useful due to new working modalities conceived during the COVID-19
pandemic, such as physical, digital, or hybrid modes where teamwork and collaborative
activities are required to pursue common goals.

To gain insights into the execution of “Colabora”, an exploratory study was conducted
in a private university in Mexico during a semester-long innovation management course.
This private university was established in 1943, and it has 25 campuses across the country
and 13 link offices around the world, including Europe, having over 100,000 students and
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almost 9000 faculty professors. The approach of this research was conceived in the main
campus of this university which is in the northeast of Mexico.

2. Methodology

The teaching–learning model “Colabora” was developed using key components of
the collaborative learning approach, through specific guidance and clear collaborative
activities. The key components of collaborative learning considered in this study are
positive interdependence, student–student and student–educator interaction, individual
responsibility, and interpersonal and group skills. Table 1 shows these components and
how the teaching–learning model of “Colabora” incorporated them.

Table 1. Collaborative Learning focus of “Colabora”.

Key Components of Collaborative
Learning Alignment of the “Colabora” Model

Positive interdependence

“Colabora” encourages shared leadership for the development of a final
group project. Teams select a leader to guide them towards the goals of
each assignment, promoting a collaborative environment under the
supervision of a professor.

Student–student and student–educator interaction
“Colabora” allows team leaders to monitor the participation of each team
member through the use of a digital platform. In addition, the educator
gives constant feedback during the classes and project submissions.

Individual responsibility
“Colabora” fosters equal participation, considering the workload and
team consensus; each team member is given a specific activity to
complete by a set date.

Interpersonal and group skills
“Colabora” stimulates collaborative work through face-to-face
communication in class and by promoting values such as organization,
planning, shared leadership, and knowledge sharing.

In this context, “Colabora” was designed based on three components as Figure 1
shows: (1) a final project that students progressively develop in teams during the course,
(2) a digital platform that facilitates organization, and (3) assessment tools that evaluate
student accomplishment of the competencies. These components will be explained in the
following sections.
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A case study was executed at the main campus of the private university in Mexico
previously mentioned. Founded almost 80 years ago by the participation of a group
of companies, this university has a strong link with industry, being a big supporter of
innovation through education and joint projects. As we discussed in the Introduction, it
is important to prepare students to face challenges of globalization. Careers that involve
creating technological solutions like those related to engineering are growing and it is
necessary to examine the best strategies to prepare engineers for the future, who should
address global issues and propose technical solutions according to real problems.

2.1. Focus

The industrial engineering program was selected to apply our approach, since it is
one of the most in-demand careers, due to its versatility with students being able to work
in different industries and to perform a variety of activities; for this, they require effective
interaction and collaboration with people not only from their field but from other fields
too. In particular, the teaching–learning model “Colabora” was developed for students to
accomplish a specific competency of this program, which states that industrial engineers
should be able to effectively work in teams, demonstrating leadership, a collaborative environment,
organization, goal setting, planning, and goal attainment. For this purpose, “Colabora” was
executed in the innovation management course since it is a topic of fundamental relevance
for students to compete in a globalized world, requiring knowing how to innovate and
collaborate. This course is taught to industrial engineering students in the final part of their
studies to facilitate their entry into the world of work.

2.2. Organization in Teams

To assess the contribution of the full application of the “Colabora” model, students of
the innovation management course were randomly organized into teams as follows: an
experimental group (consisting of teams 2, 3, and 4) and a control group (composed of teams
1, 5, and 6). In the experimental group, the teaching–learning “Colabora” approach (final
project, digital platform, and assessment tools) was implemented through key elements of
collaborative learning, such as: positive interdependence, student–student and student–
educator interactions, individual responsibility, and interpersonal and group skills (see
Table 1). Meanwhile, in the control group, the final project and the assessment tools
were implemented without a collaborative learning approach. This organization was
decisive in assessing student performance in terms of the competency analyzed as well
as the knowledge acquired and consequently the impact of the “Colabora” model. In
the experimental group, components of the competency included: leadership as a team,
planning, and organization, as well as effective and collaborative work. And in the control
group, students received general recommendations and guidance to work as a team, but
the professor did not encourage those specific elements of collaborative learning.

The sharing participation strategy approach mentioned previously was also applied
in the experimental group and included: the development of specific activities, establish-
ing goals, deadlines, roles, and having a leader for each project deliverable, promoting
collaborative work, as well as monitoring of their colleagues together with the professor.
In addition, the experimental group utilized a digital platform as part of the “Colabora”
approach to facilitate their team organization while the control group organized their
activities on their own.

The private university where this study was undertaken is committed to providing
students with high-quality education, complying not only with national but also interna-
tional standards from institutions such as ABET and others. Ethical considerations were
made to ensure equal learning opportunities for all students involved. A fundamental set
of principles such as voluntary cooperation, confidentiality, and informed consent were
considered to guide this research. At the end of the study, the teaching–learning “Colabora”
model was promoted among the control group too so they could benefit from this model.
Although the full application of “Colabora” was not possible, with “Colabora” requiring
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validation in part of the course, students in the control group increased their knowledge
and could practice the competency under study before ending the course.

2.3. Final Project

This first component of the “Colabora” model was designed in accordance with the
syllabus of the innovation management course, where three categories of final project were
established for students to select from. Students had the freedom to choose what type of
project wanted to do from:

• Quick Look: This involves an evaluation of the technological transference potential
of a new technology using a nine-step methodology established by NASA [30]. The
objective is to identify a suggested level of early interest in a particular technology,
identifying potential partners pointing to possible “trouble spots”. Results may show
areas of opportunity and warning signs to evaluate the viability of the new process,
product, or material.

• Competitive Technology Intelligence: This comprises an analysis of global tendencies
for a specific product, technology, or service using an eight-step methodology devel-
oped by Rodriguez-Salvador and Castillo-Valdez [31]. It helps to identify technological
opportunities and threats to innovation.

• Industrial Property Rights: This entails protecting a business, product, or technology
through industrial property, mainly brands and patents, and it is developed using a
nine-step protocol designed by Rodriguez-Salvador [32].

The details of specific assignments, including the scheduling, were given to the stu-
dents in accordance with the type of project that teams selected. In all cases, the students
presented four deliverables during the semester to show the progress of the final project;
these assignments were graded, and all teams received feedback to improve their final
project, which was handed in (project report and exposition) at the end of the semester.

2.4. Digital Platform

The second component of the “Colabora” model considers the use of a digital platform.
Among the different digital platforms used by teams, ASANA was chosen due to its
practicality and performance management of tasks by teams, giving the user the possibility
to use the mobile application or web version. It is a tool designed to manage projects and
foster teamwork, facilitating organization; a friendly platform used to organize projects,
prioritize tasks, collaborate with the team, and track progress [33]. And it also complies with
the educational quality standards required for the competency under study, stimulating
student–student and student–educator interaction.

This platform was used by the experimental group (teams 2, 3, and 4) to boost the
development of the competency, in particular: goal setting, choosing a team lead responsible
for each deliverable, planning of activities, aiding students with managing their tasks,
and promoting an equal distribution of responsibilities and workload among peers. The
professor explained to the students the main characteristics of ASANA and gave advice
on how to use it as well as how to prepare the corresponding reports. This platform also
allowed the teams and professor to control and monitor progress.

2.5. Competency Assessment Tools

Finally, the third component of the “Colabora” model involves an integral evaluation
of both the knowledge acquired in the innovation management course and the development
of the components of the industrial engineer program collaborative competency, which
includes leadership, collaboration, organization, goal setting, planning, and goal attainment.
This was the basis to determine the evaluation criteria during the innovation management
course which is supported by the next four tools:

1. Final project deliverables: To track the progress of all students, four project progress
deliverables throughout the semester (at weeks 4, 7, 10, and 12) were established in
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addition to the final project report and presentation (at week 15). For this, a numerical
100-point grading scale was used according to the specific requirements of the type
of project the students chose (Quick Look, Competitive Technology Intelligence, or
Industrial Property Rights).

2. Individual student performance log: This was designed considering the elements of
the competency under study, covering planning, collaboration, and goal attainment,
during their progress and final project deliverables. It also considered the student–
student and the student–professor interactions during the semester to evaluate the
elements of collaborative learning such as positive interdependence, individual re-
sponsibility, and interpersonal and group skills. It involved non-numerical grading
integrated with fulfilled or non-fulfilled scores.

3. Digital platform report: Students developed a report providing evidence of its use
in each of the project deliverables as well as in the final project assignment. This
report helped the professor to identify the elements of the competency under study
including leadership, planning, organization, goal setting, collaboration, and goal
attainment. A numerical 100-point grading scale was used.

4. Individual questionnaire: Students were asked about their organization and collab-
orative work during the semester. In the experimental group, students reflected on
elements of the competency and their experience with “Colabora” including the use
of the digital platform ASANA, particularly in which way it helped the team lead
to coordinate each project assignment or not and how it contributed or not to the
project assignment goals and to the planning and organization of the assignments
including the equal workload distribution and promotion of a collaborative environ-
ment. However, the control group (students who did not use “Colabora”) analyzed if
collaborative guidance from the professor and a digital platform would have helped
them to better manage their activities and accomplish their goals, as well as answered
questions addressed to them, which helped the professor identify elements of the
competency, including if a team lead was selected for the different project assign-
ments, if they established goals in each assignment, and if there was a plan for the
establishment of tasks and workload distribution with specific deadlines. In this
sense, a qualitative evaluation was carried out based on the professor’s experience of
teaching the innovation management course for more than 10 years.

Once these assessment tools were established, the industrial engineer program col-
laborative competency was broken down into different elements, and specific criteria to
indicate their fulfillment were established as follows:

• Goal attainment and active learning: A student who individually obtains a grade
of 90 (on a 100-point grading scale) or more in the final project including report
and exposition fulfills this criterion. Each team pursues a common goal in terms
of the characteristics of the final project, and the professor evaluates the individual
performance of each student according to their contribution to the project, both in the
partial deliverables and especially in the final project, which includes the exposition
as well as the final report. The professor uses his experience to determine students’
accomplishments. It is important to mention that educators need to focus not only on
the content of students’ interactions but also notice students’ non-verbal behaviors,
such as their body language and facial expressions, because some students can be
actively involved in teamwork but sometimes they do not communicate much.

• Ability to effectively work in teams, demonstrating leadership: To fulfill this element,
four main aspects are involved: (1) team grade for the final project (report and expo-
sition) of 90 or more; (2) individual student performance log showing equal project
workload distribution, organization, relevant contribution to goal attainment, and no
complaints from their teammates; (3) for the experimental group, the digital platform
report should demonstrate the use of ASANA according to the collaborative elements
of the competency related to teamwork and leadership; and (4) the individual ques-
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tionnaire showing teamwork competency including commitment to a common team
goal and leadership.

• Establishment of a collaborative environment: It is evaluated through two components,
one individual and the other as teams. In the first case, the individual student perfor-
mance log is analyzed; it meets this criterion when showing collaborative working
elements and the equal distribution of responsibilities. In the second case, the team
performance is assessed through the different project deliverables (progress report
and final project report and presentation); to meet this criterion, the average grade
should be 90 or above.

• Goal setting and planning: The students in the experimental group were evaluated
through the digital platform report, while in the control group the students were
evaluated through the individual questionnaire. In addition, for both the experimental
and the control group, the individual student performance log was also considered,
and in all cases, students met these criteria if they showed evidence of goal setting and
planning of the project progress and final project deliverables.

Table 2 shows the four assessment tools and the competencies they assess. They were
used to evaluate both the experimental and control groups. Both groups completed the
same activities: the final project with progress deliverables, final report and presentation,
individual performance log, and individual questionnaire, except the use of the digital
platform. Collaborative learning was promoted in the experimental group through the full
application of the “Colabora” approach, which included the use of a digital platform among
other elements; whereas in the control group, collaborative learning was not promoted,
and students carried out traditional collaborative activities developed by the students
themselves. To obtain an objective perspective, the assessment tools for the experimental
and control groups were the same, with the only difference being the digital platform
report, which provides evidence of the use of the digital platform by the experimental
group. The final intention was to evaluate the contribution of the “Colabora” model in all
its components. For this aim, the two groups were compared to understand if the use of
this approach had a positive effect on the development of the competency selected, which
is closely related to collaborative learning.

Table 2. Application of the assessment tools.

Assessment Tool Competency Assessed Group Evaluated

Final project deliverables

• Goal attainment and active learning
• Ability to effectively work in teams,

demonstrating leadership
• Establishment of a collaborative

environment

Experimental and control

Individual student performance log

• Ability to effectively work in teams,
demonstrating leadership

• Establishment of a collaborative
environment

• Goal setting and planning

Experimental and control

Digital platform report

• Ability to effectively work in teams,
demonstrating leadership

• Goal setting and planning
Experimental

Individual questionnaire

• Ability to effectively work in teams,
demonstrating leadership

• Goal setting and planning
Experimental and control

Having discussed the methodology, the following section will highlight the main
results obtained in the application of the teaching–learning model “Colabora”, which, as
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mentioned previously, was applied in an innovation management course for undergraduate
engineering students.

3. Results

In order to determine the effectiveness and value of the innovative model “Colabora”,
both the experimental and the control groups were evaluated. As previously stated, four
tools were considered for this task: final project, individual student performance log, digital
platform report, and an individual questionnaire. The elements that compose the industrial
engineer program collaborative competency were assessed: ability to effectively work in
teams, demonstrating leadership, a collaborative environment, organization, goal setting,
planning, and goal attainment.

The non-numeric evaluation of the experimental group and of the control group is
displayed in Tables 3 and 4, respectively. As can be seen, in the experimental group, 100% of
students accomplished the goal attainment element (Table 3). Meanwhile, the control group,
who completed a final project without the guidance and tools for organization, leadership,
collaboration, and planning enabled by “Colabora”, demonstrated lower performance:
only 60% of students accomplished goal attainment (Table 4).

Table 3. Non-numeric evaluation of the experimental group.

Student Team

Ability to
Effectively Work
in Teams,
Demonstrating
Leadership

Establishment of
a Collaborative
Environment

Goal Setting
and
Assignment
Planning

Goal
Attainment

Digital Platform
Contribution to a
Collaborative
Environment *
(Yes/No)

Student 2.1 2 Fulfilled Fulfilled Fulfilled Fulfilled Yes
Student 2.2 2 Fulfilled Fulfilled Fulfilled Fulfilled Yes
Student 2.3 2 Not fulfilled Not fulfilled Fulfilled Fulfilled Yes
Student 2.4 2 Fulfilled Fulfilled Fulfilled Fulfilled Yes
Student 2.5 2 Fulfilled Fulfilled Fulfilled Fulfilled Yes
Student 2.6 2 Not fulfilled Not fulfilled Fulfilled Fulfilled Yes
Student 3.1 3 Not fulfilled Not fulfilled Fulfilled Fulfilled Yes
Student 3.2 3 Fulfilled Fulfilled Fulfilled Fulfilled Yes
Student 3.3 3 Fulfilled Fulfilled Fulfilled Fulfilled Yes
Student 3.4 3 Fulfilled Fulfilled Fulfilled Fulfilled Yes
Student 3.5 3 Fulfilled Fulfilled Fulfilled Fulfilled Yes
Student 3.6 3 Not fulfilled Not fulfilled Fulfilled Fulfilled Yes
Student 4.1 4 Not fulfilled Not fulfilled Not fulfilled Fulfilled Yes
Student 4.2 4 Not fulfilled Not fulfilled Not fulfilled Fulfilled Yes
Student 4.3 4 Fulfilled Fulfilled Fulfilled Fulfilled Yes
Student 4.4 4 Fulfilled Fulfilled Fulfilled Fulfilled Yes
Student 4.5 4 Fulfilled Fulfilled Fulfilled Fulfilled Yes
Student 4.6 4 Fulfilled Fulfilled Fulfilled Fulfilled Yes

% of people that
fulfilled the
competency

66.67% 66.67% 88.89% 100.00% 100.00%

* Collaborative environment includes positive interdependence, individual responsibility, interpersonal, and
group skills.

Regarding the use of the digital platform ASANA, 100% of the students declared that it
was a useful tool to foster a collaborative environment, including positive interdependence,
individual responsibility, and interpersonal and group skills, for each assignment (Table 3).
It was also noted by the students that they would be interested in the future use of this kind
of digital tool in their assignments and professional activities. Only one student had initial
trouble while using the mobile version of the digital platform; however, when switching
to the web version, this problem was solved. Regarding the control group’s perception of
the use of digital platforms, 30% declared it unnecessary for their organization since their
teams used other applications such as WhatsApp and Google Drive, 10% said that a digital
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platform tool may be useful but for more elaborate projects, and 65% claimed that the use
of a digital platform would have been useful for better teamwork, leadership, organization,
scheduling, goal setting, and communication (Table 4).

Table 4. Non-numeric evaluation of the control group.

Student Team

Ability to
Effectively Work
in Teams,
Demonstrating
Leadership

Establishment of a
Collaborative
Environment

Goal Setting and
Assignment
Planning

Goal
Attainment

Digital Platform
Contribution to a
Collaborative
Environment *
(Yes/No)

Student 1.1 1 Not fulfilled Not fulfilled Not fulfilled Not fulfilled No
Student 1.2 1 Not fulfilled Not fulfilled Not fulfilled Not fulfilled Yes
Student 1.3 1 Fulfilled Not fulfilled Not fulfilled Not fulfilled Yes
Student 1.4 1 Fulfilled Not fulfilled Not fulfilled Not fulfilled Yes
Student 1.5 1 Not fulfilled Not fulfilled Not fulfilled Not fulfilled Yes
Student 1.6 1 Fulfilled Not fulfilled Not fulfilled Not fulfilled No
Student 5.1 5 Fulfilled Fulfilled Fulfilled Fulfilled Yes
Student 5.2 5 Not fulfilled Not fulfilled Not fulfilled Fulfilled No
Student 5.3 5 Not fulfilled Not fulfilled Fulfilled Fulfilled Yes
Student 5.4 5 Not fulfilled Not fulfilled Fulfilled Not fulfilled Yes
Student 5.5 5 Fulfilled Fulfilled Fulfilled Fulfilled Yes
Student 5.6 5 Not fulfilled Not fulfilled Fulfilled Fulfilled Yes
Student 5.7 5 Not fulfilled Not fulfilled Not fulfilled Not fulfilled No
Student 6.1 6 Fulfilled Fulfilled Fulfilled Fulfilled Yes
Student 6.2 6 Not fulfilled Not fulfilled Fulfilled Fulfilled Yes
Student 6.3 6 Not fulfilled Not fulfilled Fulfilled Fulfilled -
Student 6.4 6 Fulfilled Fulfilled Fulfilled Fulfilled Yes
Student 6.5 6 Not fulfilled Not fulfilled Fulfilled Fulfilled No
Student 6.6 6 Fulfilled Fulfilled Fulfilled Fulfilled Yes
Student 6.7 6 Fulfilled Fulfilled Fulfilled Fulfilled No

% of people that
fulfilled the
competency

45.00% 30.00% 60.00% 60.00% 65.00%

* Collaborative environment includes positive interdependence, individual responsibility, interpersonal, and
group skills.

Tables 5 and 6 display the numeric evaluation of the experimental and the control
group, respectively, according to the final project grading, the individual average grading,
and the group average course grading. Results obtained exhibit that the most effective
teamwork and collaboration occurred in the experimental group (teams 2, 3, and 4).

As Table 5 shows, the teams in the experimental group obtained the highest grades
in the final project report and exposition, with average individual grades and group
average course grades ranging from 90 to 100. Regarding the non-numeric assessment,
the experimental group also managed to stand out, as observed in Table 3. The students
mostly fulfilled all the elements of the competency under study (ability to effectively work
in teams, demonstrating leadership, a collaborative environment, organization, goal setting,
planning, and goal attainment), and stated that the use of a digital platform added value
to their project assignments and it was seen as a necessary tool for future work. A better
performance was obtained by the experimental group than in the control group due to the
“Colabora” model followed.

In the case of the control group, the quantitative assessment shown in Table 6 indicates
that grades varied greatly, ranging from 75 to 93 (final project report, exposition, individual
average grade, and group average grade), for example, in the final project the lowest was
75 (exposition) and the highest was 95 (report and exposition), while the individual average
grade varied from 78 to 93 and the group average grade from 78.3 to 91.8. Regarding the
non-numeric assessment, Table 4 shows that not all the students met the elements of the
competency under study, indicating a lower performance.
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Table 5. Numeric evaluation of the experimental group.

Student Team Final Project Grading
Individual

Average Grading
(Report and Exposition)

Group Average
Grading

(Report and Exposition)Report Exposition

Student 2.1 2 97 95 96

98.9

Student 2.2 2 100 100 100
Student 2.3 2 100 100 100
Student 2.4 2 100 95 98
Student 2.5 2 100 100 100
Student 2.6 2 100 100 100
Student 3.1 3 100 100 100

100

Student 3.2 3 100 100 100
Student 3.3 3 100 100 100
Student 3.4 3 100 100 100
Student 3.5 3 100 100 100
Student 3.6 3 100 100 100
Student 4.1 4 90 95 93

92.5

Student 4.2 4 90 95 93
Student 4.3 4 90 95 93
Student 4.4 4 90 95 93
Student 4.5 4 90 95 93
Student 4.6 4 90 95 93

Table 6. Numeric evaluation of the control group.

Student Team Final Project Grading
Individual

Average Grading
(Report and Exposition)

Group Average
Grading

(Report and Exposition)Report Exposition

Student 1.1 1 80 75 78

78.3

Student 1.2 1 80 75 78
Student 1.3 1 80 80 80
Student 1.4 1 80 75 78
Student 1.5 1 80 75 78
Student 1.6 1 80 80 80
Student 5.1 5 87 95 91

90

Student 5.2 5 87 95 91
Student 5.3 5 87 95 91
Student 5.4 5 87 90 89
Student 5.5 5 87 95 91
Student 5.6 5 87 95 91
Student 5.7 5 85 87 86
Student 6.1 6 95 85 90

91.8

Student 6.2 6 95 90 93
Student 6.3 6 95 90 93
Student 6.4 6 95 90 93
Student 6.5 6 95 90 93
Student 6.6 6 95 85 90
Student 6.7 6 95 90 93

4. Discussion

The results obtained in this research show that individually and in teams, the stu-
dents of the experimental group exhibited a better performance in terms of learning and
competency development than those who belonged to the control group. The “Colabora”
model implemented made this possible by providing conditions that fostered effective
peer interactions. Students perceived the “Colabora” model positively and expressed their
acceptance as a valuable collaborative experience, suggesting that learning to collaborate
was occurring. They also reported a desire to engage in similar practices in their future
workplace. More than an individualistic approach, aspects of a social nature, which in-
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clude collaborative learning, represent a significant element to support learning, as Pishtari
et al. [34] found in their analysis of model-based learning analytics (MbLA) that facilitates
the interaction between educators and intelligent systems.

Global insights obtained indicate that when students are empowered to choose the final
project type they are interested in (in this case from Quick Look, Competitive Technology
Intelligence, or Industrial Property Rights), they work with specific collaborative guidance,
and in addition, with a digital platform that facilitates their assignment management as
proposed by the innovative model “Colabora”, students improve their knowledge and
better develop the collaborative competency, which is useful for their future professional
life. As Pozzi et al. [35] demonstrate, establishing social negotiation empowers knowledge
development by encouraging critical thinking, understanding, and group reasoning. By
incorporating innovative teaching–learning strategies, students can gain insights useful
to be integrated in their workplace [36]. This is a step towards preparing engineers of the
future to address global challenges and propose innovative solutions that require efficient
collaboration.

The limitations of this exploratory study are related to the assessment method that
combined quantitative and qualitative elements, with the latter being the most difficult
to measure. Another limitation is that while students in the experimental group had the
opportunity to fully explore the “Colabora” model, students in the control group only had
this chance when the study ended, since evaluating Colabora’s contribution took place over
part of the course, and consequently the control group could not apply it fully. On the other
hand, “Colabora” was applied to only one undergraduate course as a case study, as was
mentioned before, the innovation management course, and despite the analysis developed
during the entire semester of this course, it could have been useful to apply “Colabora”
to other courses and compare performance of more students, as the data obtained are not
representative of all students enrolled in the industrial engineering academic program.
Future research should include a complete number of students, and diverse careers and
courses are recommended to include the implementation of the “Colabora” model.

5. Conclusions

The present study proposes the teaching–learning model “Colabora” to promote
collaborative learning in engineering students soon to graduate. For this, an industrial
engineer program collaborative competency, which is essential for future professionals, was
analyzed in an innovation management course at the main campus of a private university
in Mexico. This competency establishes that industrial engineers should be able to effectively
work in teams, demonstrating leadership, a collaborative environment, organization, goal setting,
planning, and goal attainment. And this was evaluated through each of its elements.

During this exploratory study, students had to overcome different obstacles both in
the final project and in the project progress deliverables; they had to solve conflicts and
communication, organization, and collaboration issues in their teams; for the experimental
group, the use of the “Colabora” approach, including the digital platform, provided
significant advantages to prevent and solve these kinds of problems.

“Colabora” is an innovative model whose contribution has been reflected in the stu-
dents’ performance, encouraging collaborative elements such as positive interdependence,
student–student and student–educator interaction, individual responsibility, and interper-
sonal and group skills. The teams who applied this model had a superior performance,
obtaining better grades than those that did not use it. Through “Colabora”, the development
of the collaborative competency analyzed was possible, fostering leadership, goal setting,
planning, and goal achievement in a collaborative environment, as was demonstrated by
different evidence (reports, expositions, individual questionnaires, student–student and
professor–student interactions, etc.). The use of “Colabora” boosted knowledge learning,
as well as the fulfillment of the selected competency.

This approach stimulates key elements of the collaborative learning domain where
students learn technical knowledge on the subject and develop new skills. Collaborative
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learning is an important technique that allows students to work in coordinated groups,
assuming and fulfilling specific roles for effective collective achievements; in addition,
it represents a method to carry out equal work. The findings of this study suggest the
importance of developing new educational tools within collaborative learning as a central
axis for teamwork, empowering students as leaders who will guide activities towards
common goals.

In summary, this study explores the establishment of new strategies that facilitate
active learning and contribute to preparing undergraduate students in the final part of their
university studies for their upcoming work where they will have to face global challenges.

We encourage the adoption of “Colabora” in academic institutions because, overall, it
adds value for educators and researchers to develop collaborative competencies that will be
useful for future professionals involved in innovation projects in companies, government,
or academia.
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