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Abstract: Challenge-Based Learning (CBL) is an innovative teaching methodology that engages
students to resolve real-world challenges while applying the knowledge they acquired during their
professional training. This article describes the results of the implementation of an online course
on entrepreneurship that utilized CBL with a group of 20 undergraduate students from various
disciplines in a university in Mexico. During the course, challenges related to the Sustainable
Development Goals of the United Nations were presented to the participants, making it possible
to observe the students’ interest in resolving these problems. This research uses a case study
methodology and seeks to determine the CBL elements in the e-learning modality. The results showed
that the participants generated sustainable business ideas aimed to resolve local, national, and global
problems. The recommendations are to continue the formation of the businesses proposed in the
project. These ideas can become real ventures that connect various actors in the entrepreneurial
ecosystem and will continue to strengthen transversal skills such as teamwork and communication.
Keywords: challenge-based learning; education in sustainability; e-learning; educational innovation;
higher education; sustainable development goals

1. Introduction
There is no doubt that the development of Information and Communication Technologies (ICT)
has generated transformations of all fields of society, including education [1]. The internet and the use
of network-connected devices [2,3] have penetrated traditional teaching and learning methods. As a
result, different educational modalities have arisen, reflecting these changes and raising new scenarios
that shape training processes [4].
Among the new modalities of online education is e-learning, which uses ICT to provide educational
content and facilitate learning to multiple segments of the population [5]. The advantages of this
modality include its flexibility and the possibility that it can be utilized remotely and at different times,
thanks to synchronous and asynchronous processes [6]. Also, its potential for communication and the
possibilities for ubiquitous learning (anytime, anywhere) promote lifelong learning and interactions
among participants [7,8]. The disadvantages are that if there are no such interactions in a course,
a student’s motivation decreases. Furthermore, evaluations are difficult to do online in disciplines that
require applied practices [9].
Through education, people can improve their quality of life. Using technological tools, they can
develop innovative solutions to the most significant problems of society [10]. So, ICT-based modalities
such as e-learning are considered mechanisms that can improve access to education. They have great
potential to accomplish the objectives set for sustainable development. For this to happen, there must
be an appropriate pedagogical model that incorporates self-regulated learning and a multidisciplinary
approach [11–13].
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According to UNESCO [14], education for sustainable development aims to give people the skills
and knowledge to find solutions to economic, social, and environmental problems. It encourages
students to reflect on excess consumption, poverty, the stimulation of solidarity and cooperation, and to
recognize that current economic development trends are not sustainable; therefore, programs that
promote these are required [15].
In 2015, the international community proposed the Sustainable Development Goals (SDGs),
including 17 objectives and 169 challenges that proposed to eradicate poverty by the year 2030 [16].
To achieve the goals of the 2030 agenda, citizens must have a world economy that is environmentally
sustainable and inclusive. Therefore, lifelong learning and education should prepare citizens to develop
the skills that make production and consumption sustainable [13,17]. A better-educated workforce
will nurture inclusive economic growth and a focus on human well-being [18].
According to Alcalá and Gutiérrez [19], interest in sustainable education focuses on students and
the innovative pedagogies that bring them closer to social reality and its main conflicts. The goal is for
the students to better understand the environments of their intended professions. A university must
be a driving force that trains students to remain aware of sustainability and the changes it implies.
Therefore, it is a priority in education to work on values that lead to reflection and critical thinking,
and to integrate the themes of sustainability into the contents of subject materials [19].
Takala and Korhonen-Yrjonheikki [20] defined the main competencies for sustainable development
to be holistic understanding, communication, collaborative skills, critical thinking, reflection, creativity,
innovation, and entrepreneurship. To achieve these competencies, one must keep sustainability in
mind as an ongoing process. Teachers should encourage their students to understand their roles in
sustainable development and collaborate in multi-disciplinary ways to share knowledge. Curricular
content must be integrated, teacher training promoted, and there must be public funds for research.
Environmental, social, and economic changes make the issue of sustainable development more
pressing than ever. However, training in universities remains technocratic and does not promote
reflection on these problems [21]. Also, education for sustainable development is still not integrated
into the programs, so most courses do not raise concerns about this issue [20]. The development of
active pedagogical activities that help strengthen the vision of education in this society thus become a
challenge [22–25].
In this context, educational innovation contributes to the design and presentation of programs
that address these challenges [26,27]. However, for there to be educational innovation, we must
introduce new technological tools that are used correctly and appropriated to the various actors that
need them [2]. Additionally, digital learning environments must be created where a student can
contribute directly to improvements, experiments, and shared experiences. All these actions occur
through new forms of teaching [28].
Along these lines, Challenge-Based Learning (CBL) is an innovative pedagogy that actively
engages students in relevant real-world problems that exist in their environments and that require
a solution [29,30]. This pedagogy has its roots in experiential learning. It incorporates the use of
technology, teamwork, self-directed learning, and solutions to real problems that extend from the
classroom to the community [31].
This pedagogical approach leverages students’ interests to give practical meaning to education.
It develops competencies such as multidisciplinary teamwork, decision-making, leadership, and
communication [32,33]. The challenge consists of an activity or situation that involves sincere effort
from the student and triggers him/her to obtain new knowledge through the proposal of a concrete
solution [34]. Content is presented that builds on students’ previous knowledge, and is structured
so that feedback can occur between students and instructors [30]. Therefore, the involvement of
students in the creation of knowledge, both individually and cooperatively, is considered an essential
characteristic of active methodologies [35].
According to Edutrends [30], CBL consists of the following elements:
•

The general idea: There is a topic presented to students with importance to society.
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The essential question: The general idea starts with a problem that reflects the interest of the
students and the needs of the community.
The challenge: Students must create a solution to the problem posed in the essential question.
Questions, activities, and guide resources: Students identify elements that are convenient for
developing innovative solutions to problems.
The solution: Each challenge permits a variety of solutions. These must be concrete and feasible
to implement in the community.
Implementation: Students test the solution in a real environment.
The evaluation or assessment is carried out through the challenge process, which confirms the
learning results and supports the decisions made during the implementation.
Documentation and publication: Students find ways to publish their ideas, blogs, videos, and
other tools.
Reflection and dialogue that consider the content and the students’ learning and experiences.

Previous studies on CBL like the one by Rådberg et al. [32] have indicated that this multidisciplinary
approach encourages students to work actively with their peers and teachers to identify complex
challenges, ask relevant questions, and take action favoring sustainable development. The three-year
case study involving 38 students was conducted in the Chalmers University Challenge Laboratory.
The results showed that the students developed skills in the formulation of problems and sustainable
development. Although few projects reached their implementation, they had the potential for social
impact. Hence, the authors suggested complementing other projects within the career with this type
of program.
Another study by Malmqvist et al. [33] compared four experiences of CBL in universities in
Australia, the United States, Denmark, and Sweden. The similarity among them was that this
methodology was presented throughout the courses with topics related to social and environmental
sustainability. In one of the universities, the course was positioned in the first year, setting the stage to
continue with subsequent courses and projects based on that initial course, which made planning go
further. The authors concluded that multidisciplinary courses placed new demands on teachers who
may not know about the topics, causing students to feel a lack of support; this implies a need to have
teachers from different disciplines. Students need to develop transversal skills such as communication,
decision-making, leadership, and teamwork, in addition to those in a socio-technical domain. Soft skills
remain outside the regular curricula, but they must become part of them.
In an experience carried out by Azeteiro et al. at a Portuguese university [12], the authors found
that education in sustainability through e-learning can be highly relevant for sustainable development.
However, the authors concluded that students had problems developing some competencies, and that
more studies would be necessary to evaluate the appropriate pedagogical model. In the case of the
e-learning modality, Racovita-Szilagyi et al. [6] conducted research in Spain and the United States
with 400 university teachers in the social work field. The authors inquired about their perceptions on
the opportunities that the e-learning modality creates for their teaching. The participating professors
believed that, through this modality, students in rural areas could have greater accessibility, and that
the students could learn at their own pace and have a mentor. Finally, the authors mentioned that
for future studies, more research should focus on the integration of technology and its impact on
training processes.
According to the literature consulted, these new strategies are necessary to develop more active
learning oriented toward problem-solving [32,36]. However, the programs of higher education are
still more theoretical than practical. There is a gap between what students learn and what they can
apply in their lives [32–37]; therefore, methodologies that promote active learning and learning by
doing [33,38] must be incorporated.
Also, as online education continuously evolves, research should focus on the good practices that
favor its implementation so that the learning mediated by technologies continues [39]. However,
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although CBL has been shown to be positive for students interested in sustainable development
facilitated by the active methodologies used in the courses, some courses are not yet part of the
curricula. Therefore, there is not continuity of the projects. More research is required to learn how to
continue developing sustainable development skills in students [6,12].
The research of this project was carried out in a university in northern Mexico. This institution is
currently implementing an educational model based on active methodologies, so this study sought to
generate knowledge about the results of its implementation related to sustainable education. The study
was carried out in an extracurricular course taught to students from different careers. The courses ere
optional and taken by students interested in this topic of study; they sought to develop transversal
competencies in students, including personal and professional skills for achieving life and career goals
and comprehensive health.
Therefore, this study aimed to implement CBL as an innovative pedagogy through online
education in this particular study group. It had the objectives to determine its results and opportunities
for improvement and to guide students toward solutions for sustainable-development problems.
The study sought to answer the following research questions:
•
•
•

Q1. How to implement CBL to strengthen education for sustainable development in an e-learning
course in the study context?
Q2. What was the perception of the enrolled students in the e-learning course about the contribution
they can make to resolving local, national, or global problems?
Q3. What elements of CBL contribute to providing solutions to local problems through an
e-learning course?

2. Method
To answer these research questions, we used a case study methodology. The approach was
qualitative. In such research, the investigators explore a case or several real-life cases, collecting
data from multiple sources of information such as observations, interviews, audiovisual materials,
documents, and reports [40]. This research developed an e-learning course with training activities and
challenges in which the students solved sustainability problems through entrepreneurial proposals.
The research analyzed a unique case of a class that was participating in an online course.
The evidence obtained describes the intervention and the context in which it occurred [41].
By analyzing the educational experiences that promote active learning, such as CBL, one can discover
how to use active teaching methodologies to generate solutions to local, national, and global problems.
Research such as this can lead to the construction of education for sustainable development.
2.1. Participants
The sample consisted of 20 undergraduate students from a university in northern Mexico.
The participants were selected by convenience, and they agreed to be included in the study [42].
The study aimed to have students from different careers (curricula) in the sample. The most frequent
careers studied by the participants were strategy and business administration, marketing, psychology,
civil engineering, chemical engineering in sustainable processes, mechatronics, and biotechnology.
Table 1 shows the number of students and their gender, career, and average age percentages.
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Table 1. Distribution of the sample.
Total Students

Men

Women

Average Age

20

12
60%
7
4

23 years old

12
6

8
40%
5
2

1
1

1
0

0
1

Career

Engineering
Business administration
Industrial design
Clinical psychology

During the first week, 20 students participated. In the second week, six groups were formed
according to the interests of the students; each group was made up of three to four students. Twelve
students completed all the activities. Students who did not finish indicated that they did not have time
to carry out the activities due to other academic obligations and withdrew from the course. Of the
eight students who withdrew, five withdrew before working on the proposals, while the other three
started with their proposals but did not present them.
2.2. Procedure
This study consisted of the implementation of an e-learning course that followed the CBL
methodology. The course was held as an extracurricular activity in a workshop to develop skills for
life and work; it was directed to students of different careers (multidisciplinary). It was optional and
intended for those interested in the topic of entrepreneurship and social innovation.
The main objective of the course was for the students to seek solutions to social problems by
proposing products or services that could become entrepreneurial businesses. The specific objectives
were for the students to (1) describe concepts related to entrepreneurship and innovation for use in
solving problems in their environments; (2) analyze problematic situations in their environments that
can be resolved through innovative and entrepreneurial proposals; (3) propose innovative solutions to
problems collaboratively, and (4) prepare pitches to publicize their proposed solutions.
The course duration was five weeks with synchronous and asynchronous activities and content
related to CBL and entrepreneurship, hosted on a Moodle platform. Synchronous activities were those
related to meetings or chats to organize the group work, and asynchronous activities were forums and
blog interventions. Also, during the last week, some groups presented their pitches face-to-face at
the university. The teacher evaluated using a checklist and rubrics of assessment. Table 2 shows the
contents and activities of the e-learning course.
In the course, the students had a series of challenges related to community problems that had to
be solved collaboratively with peers and teachers. The challenge was to choose one state problem out
of the 10 defined as priorities by the Strategic Plan for the State of Nuevo León 2015-2030 [43], and that
was aligned with the SDGs, as shown in Table 3.
This research also applied a protocol that considered the ethics of educational research to maintain
the privacy, confidentiality, and integrity of the data, as well as the privacy and consent of the
participants. To accomplish this, the considerations were:
1.
2.
3.
4.

To clearly explain the objectives of the study, telling the participants that the course was a
research project.
To allow researchers to personally visit the class and explain the work to be done, answer any
questions, and explain the time involved and procedures to be followed during the research.
To emphasize that participation was voluntary, and that all data would remain confidential.
To explain to the participants that they could decide not to participate in the research at any time.
An online form was sent to them with the terms requesting their acceptance in the study.
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Table 2. Contents and activities of the e-learning course.
Learning Objectives

Week

Activities

Assessment

To describe concepts
related to
entrepreneurship and
innovation for use in
solving problems in
their environment.

1. Introduction to the
course

Forum: What do you think is
the importance of
entrepreneurship and
innovation in our country?

Participate in the forum
and comment on at least
two interactions by
partners. Checklist.

2.Presentation of the
challenge

Presentation of the challenge:
individually, students
reviewed the challenge, and
one of the priority areas to
be solved was chosen.

Participate in the team
forum by choosing a
topic and proposing a
possible solution to the
problem. Checklist.

3. Preparation of
solution proposals

Brainstorming forum to
coordinate the group work
and define a solution
proposal collaboratively.
Meet with partners to solve
the challenge (through
videoconference/chat/forum).

Participate in the group
forum to coordinate the
activity and propose the
solution. Checklist.

4. Final pitch

Present the final pitch
following the instructions of
the evaluation rubric.

Present a pitch that
includes the problem to
be solved, the proposed
solution, and a
conclusion. Rubric.

5. Final evaluation

Final Reflection: Write a
personal story by answering
questions about the
experience.

Publish your
entrepreneurship story
on your blog. Checklist.

To analyze problematic
situations in the local
environment that can be
resolved through
innovative and
entrepreneurial
proposals.

To propose innovative
solutions to problems
collaboratively and with
the help of a mentor.

To prepare a pitch to
publicize the
proposed solution

Table 3. Priority areas proposed to be resolved by the students.
Priority Areas

Relationship to SDG

Eradicating extreme poverty with particular
emphasis on nutrition

Objectives 1 and 2: End of poverty and zero hunger

Ensuring coverage and effective access of the
population to healthcare for priority health conditions

Objective 3: Health and well-being

Ensuring the employability of young people in the
productive sector

Objective 8: Decent work and economic growth

Generate training programs in reading, written
culture, and development of artistic skills

Objective 4: Quality education

Encouraging physical activity and sports

Objective 3: Health and well-being

Improving air quality

Objective 11: Sustainable cities and communities

Facilitating the opening and operation of businesses

Objective 8: Decent work and economic growth

Identifying and eliminating causes, conditions, and
factors of corruption

Objective 16: Peace, justice, and strong institutions.

Promoting energy security and a transition to
lower-impact fuels

Objective 7: Affordable, non-polluting energy

Strengthening and promoting community and
neighborhood cultures to generate social cohesion
and citizen coexistence

Objective 16: Peace, justice, and strong institutions
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2.3. Instruments
The information was collected through the discussion forums, questionnaires, observation guides,
the evaluation rubrics for the challenge activities, and the solutions proposed by the students.
The discussion-forum-content analysis was used to understand the initial perceptions of the
students regarding the contributions they could make through entrepreneurship to resolve local,
national, or global problems. The students answered the questions from their perspectives and
commented on the responses of at least two classmates.
Observation guides were used during the course to describe how the participants resolved the
challenges. The students answered a few questions about their experiences in the course, namely:
“What did you learn during the course?” “How did you handle the problems or complicated situations
presented to you?” and “How will these lessons that you learned help you in the future?” The responses
were posted on a blog that the students used during the course.
To evaluate the final projects, we developed an evaluation rubric that included the elements listed
in Table 4. The students presented a final pitch that highlighted the essential points of the proposal to
be shown to potential users or clients of the venture.
Table 4. Evaluation rubric of the final projects.
Name of the Product or Service

Score (1–5)

Teamwork
Included research on the subject
Included statistics on the problem
Defined the number of users
Validated the idea with potential users
Elaborated a final pitch
Presented interesting data or information
Presented the benefits of the product or service
Presentation of the pitch
Points earned

2.4. Data Analysis
To perform the data analysis, we followed the process suggested by Creswell and Poth [40],
providing the description, analysis, and interpretation of the information generated. In the first phase,
a content analysis of the participants’ discussion forums was conducted to identify categories arising
from the perceptions of the students of the contributions of entrepreneurship and the innovations
to resolving national problems. To carry out the analysis, we identified passages within the data.
We categorized them to determine the intentions of the participants within the context of the study [44].
To determine the categories for analysis, we sought relationships in the participants’ responses in
the discussion forums. Once the categories were defined, we used inductive analysis to segment the
text and gather the evidence for each category. We then reviewed this to identify quotes that were
relevant to the research questions. The data from the participants’ answers were compared to the codes
we had established as links to the answers to the research problems. The course was conducted in
Spanish, so the researchers translated the texts into English to present the results.
Subsequently, proposals made by students were analyzed to determine how the participants
resolved the challenges. The final presentations were reviewed with an evaluation rubric, presenting
tables and graphs to display comparisons of the results [40]. For the answers to the questions about
their experiences, we analyzed each question individually, separated the texts by topic, and determined
the most frequently mentioned responses.
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3. Results
In this section, we first present a content analysis of the initial forum. Then, we continue with a
description of the steps followed to resolve the challenge; next, we discuss the results of the solution
proposals, and, finally, the responses to the questionnaires.
3.1. Forum Content Analysis
According to the responses obtained in the forum, the participants were very concerned about
social and environmental problems. Most of them expressed interest in seeking solutions by developing
ventures related to their careers. However, they stated that they did not know if they had the skills to
develop the ventures or generate solution proposals. They hoped to learn these things in the course.
The most frequently mentioned answers were divided into the following categories:
1.

2.

3.

Opinion on entrepreneurship: Students related entrepreneurship to economic growth and job
creation, as well as to the achievement of skills and capacities and personal development. Student
comments from the forum included, “for me, entrepreneurship is focusing on a problem that you
consider important to solve”, “to improve people’s opportunities and quality of life”, and “improvement of
culture and way of thinking of society”.
Difficulties: Studnets expressed their concerns about how they could contribute to solving
social problems, improve peoples’ qualities of life, and how, through their careers, they could
generate ideas and propose businesses that could solve these problems. They indicated that
they did not know how to undertake these things or if they had the skills. Also, they responded
that entrepreneurship was not highlighted in their fields of study, that socially responsible
production is a “pending” task in companies, and that they were not clear which businesses to
start. They identified a delay in the country in developing ventures. Their comments included,
“I am not clear which business to start; I must know its advantages and disadvantages. I feel that I have not
developed the abilities needed for entrepreneurship”, “I think it is necessary to know more about the subject
in-depth and how to develop these skills in us better”, and “socially responsible production is a pending
task in companies”.
Interests: The students expressed great interest in undertaking social projects and interest in
solving social problems. They mentioned issues such as pollution, the use of polluting materials
in industrial applications, the insertion of older people into the workforce, the development
of the best sustainable practices, and avoiding food waste and water and air pollution, among
other issues. Their comments included, “I want to undertake a social project whose objective is the
reintegration of seniors into the work environment; I encourage that companies obtain a special badge that
qualifies them as socially responsible companies”, “I want to create an environmental consultancy and an
environmental remediation company in contaminated places”, and “I am interested in this course because,
in the future, I want to launch a startup”.

In summary, in this initial participation of the students, we observed that they had great concern
about social and environmental problems. For the most part, they expressed interest in finding
solutions through developing career-related ventures. However, they stated that they did not know if
they had the skills to develop them or know how to generate the proposed solutions, so they hoped to
learn these things in the course.
3.2. Participation in the Challenge
The first step for the students was to choose a challenge from possible alternatives according to
their interests. Of the 10 topics presented, students chose the five that were the most acceptable to
them (see Figure 1). The topic “improving the quality of the air” was selected by two groups. In the
initial selection, the students made individual proposals for possible solutions. The solution proposal
had to be a product or service that would solve the problem under study, define the potential users,
and indicate how their proposal would address the problem.

The first step for the students was to choose a challenge from possible alternatives according to
their interests. Of the 10 topics presented, students chose the five that were the most acceptable to
them (see Figure 1). The topic “improving the quality of the air” was selected by two groups. In the
initial selection, the students made individual proposals for possible solutions. The solution proposal
had to be a2020,
product
or service that would solve the problem under study, define the potential users,
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Promoting energy security and a transition
to lower impact fuels.

Facilitating the
opening and
formation of
business.

Identifying and
eliminating the
causes and
conditions of
corruption.

Eradicating extreme
poverty and/or
ensure priority
health coverage.

Improving the
quality of the air.

Figure 1.
1. Challenges selected
selected by
by the
the online
online course
course participants.
participants.
Figure

The
The initial
initial proposals
proposals of
of the
the students
studentsincluded:
included:
••

A social
social enterprise
enterprise that
that honors
honors companies
companies that
that adopt
adopt senior
senior mentoring
mentoring programs,
programs, that
that trains
trains
A
youngpeople,
people,and
andin
inwhich
whichlack
lackof
ofexperience
experienceisisnot
notan
animpediment
impedimentfor
fornew
newemployees.
employees.
young
A platform
platform to
to support
support the
the commercialization
commercialization of
of products
products through
through employing
employing young
young people
people
•• A
remotely,
and
the
digitalization
of
government
information
for
greater
transparency.
remotely, and the digitalization of government information for greater transparency.
A proposal
proposal to
to eradicate
eradicate the
the extreme
extreme poverty
poverty of
of food
food in
in the
the state
state of
of Nuevo
Nuevo León
León and
and facilitate
facilitate
•• A
access
to
health
services.
access to health services.
A proposal
proposalto
todecrease
decreasecarbon
carbondioxide
dioxidein
inthe
thecompanies
companiesthat
thatemit
emitit.
it.
•• A
•
A
proposal
for
an
environmental
consulting
agency
that
gives
incentives
to companies
that
•
A proposal for an environmental consulting agency that gives incentives to companies
that reduce
reduce
their
emissions.
their emissions.
•
A proposal to use plants to reduce air pollution.
•
A proposal to use plants to reduce air pollution.
As they worked on resolving the challenges, the students brainstormed and researched the data
As they worked on resolving the challenges, the students brainstormed and researched the data
that would help them solve the problems. To work asynchronously, the students used discussion
that would help them solve the problems. To work asynchronously, the students used discussion
forums and Google Docs to upload their findings. They also had some meetings via video
forums and Google Docs to upload their findings. They also had some meetings via video conferencing
conferencing and chats to agree on what they were going to present.
and chats to agree on what they were going to present.
In the data analysis, we found the following elements in the strategies of the work teams:
In the data analysis, we found the following elements in the strategies of the work teams:

1.
1.

2.
2.
3.
3.
4.
4.

Projects
theoretical research,
research, and
and statistics
statistics
Projectsresolving
resolvingproblems
problemsrelated
related to
to the
the students’
students’ careers,
careers, theoretical
they
collected
to
establish
the
magnitudes
of
the
problems,
as
well
as
analyses
of
the
impacts
of
they collected to establish the magnitudes of the problems, as well as analyses of the impacts of
the
thesolutions.
solutions.
Research
business model
model canvas
canvas to
to
Researchon
onthe
theproblems
problems using
using interviews
interviews and
and the
the applications
applications of
of the
the business
determine
the
people
affected.
determine the people affected.
Consultations
affected
by the
and feasibility
analysis analysis
of each solution’s
Consultationswith
withpeople
people
affected
by problems
the problems
and feasibility
of each
implementation.
solution’s implementation.
Presentation of a proposal defining a product or service, the benefits of the solution proposed for
Presentation of a proposal defining a product or service, the benefits of the solution proposed for
the priority area, data related to the impact of the solution, and a value proposition.
the priority area, data related to the impact of the solution, and a value proposition.
The
The process
process followed
followed by
by the
the participants
participantsto
toresolve
resolvethe
thechallenge
challengeisisshown
shownin
inFigure
Figure2.2.

10 of
of 15
15
10

Surveys

Product/service

Interviews

Benefits

Statistics

Viability

Sessions with
mentors

Final Proposal

Theoretical
Research

Validation

Identification
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for solutions to the different problems encountered by the students are shown in
3.3. Solution
Proposals
Table 5. Five teams presented solutions to the problems. One of the six groups did not present the
The proposals for solutions to the different problems encountered by the students are shown in
final work, which consisted of three students who indicated that they did not have time to complete
Table 5. Five teams presented solutions to the problems. One of the six groups did not present the
the activities and withdrew from the course. The proposed solutions included a biogas producer to
final work, which consisted of three students who indicated that they did not have time to complete
produce clean-energy fuels, an educational program to promote healthy eating, a rewards program for
the activities and withdrew from the course. The proposed solutions included a biogas producer to
companies that used a mentoring program, a design of vertical gardens, and an algae-based filter to
produce clean-energy fuels, an educational program to promote healthy eating, a rewards program
reduce pollution.
for companies that used a mentoring program, a design of vertical gardens, and an algae-based filter
to reduce pollution.
Table 5. Solution projects proposed by the students.
Table 5. Solution projects proposed
the students.
Problem
Theby
solution
that Addresses the Problem
Promoting energyProblem
security and a transition to
low-impact fuels

Promoting energy security and a transition to
Eradicating extreme
poverty and
ensuring priority
low-impact
fuels
health coverage
Eradicating extreme poverty and ensuring
Facilitating the opening and formation of businesses
priority health coverage
Improving
the quality
of formation
the air.
Facilitating
the opening
and
of
Identifying and eliminating
the causes and conditions
businesses
corruption
Improvingofthe
quality of the air.
Identifying
and
eliminating
and
Improving the quality ofthe
thecauses
air
conditions of corruption

The solution
that to
addresses
the problem
Biodigestor
produce biogas
Biodigestor
to produce
biogas
An educational
program
focused
on healthy
alimentation
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In this research, CBL allowed students to take advantage of their desires to find meaning in
education [32,33]. The process followed by the participants to resolve the challenges allowed them to
define solutions in their fields of study, which benefited the research because the students delved into
topics that impacted the community. The students were able to learn more about developing solution
proposals in collaborative and multi-disciplinary ways. This finding is consistent with the results
of Rådberg et al. [32], where the implementation of CBL with university students favored solving
complex, multi-disciplinary problems, and provoked their interest in sustainable development.
In analyzing the elements of CBL that can contribute to solving local problems through an
e-learning course, we found that, in this project, the students started from an essential question.
The participants of the study considered the importance of the role that entrepreneurship has on
economic and social development and employment. In the responses in the discussion forums, the
students were very interested in the topic of sustainable development and how to develop initiatives
that favor it. However, in some cases, they did not know how to generate proposals to develop
initiatives that would address barriers to sustainable development. They also did they know what
their skills were and how to leverage them to create new businesses.
The next step was the presentation of a challenge for students to analyze to create solutions to
the problems. They each chose the challenge they wanted to confront collaboratively with classmates
from various disciplines. This element of collaborative work has previously been studied by Fidalgo
Blanco et al. [35], where CBL encouraged collaboration and communication among team members to
generate a common strategy. In addition, the features of online platforms and communication tools
allow ubiquitous learning that promotes interactions, flexibility, and the achievement of educational
objectives [7,12].
The activities and resources proposed in the course allowed students to reflect on their ideas
through brainstorming and researching data for problem-solving to develop a proposal. They followed
another step of CBL, where each challenge can have a variety of solutions. Also, the students used
previously acquired knowledge that they had developed throughout their curricula. This finding is
consistent with other studies indicating that CBL calls on students to put their prior technical skills
and knowledge into practice [45].
Finally, the students presented their final products in pitches about their solution projects.
They documented their ideas in forums, online documents, and blogs in the course. The teacher of
the course evaluated the documentation with an assessment rubric. The analysis determined that
the most popular elements of the course were conducting the research on the subject and presenting
the expected benefits of the proposed solutions. The items having the lower scores were teamwork,
communication, and validation of the solution proposal with potential users. The implementation in a
real environment was not possible because it was not in the objective of the course.
The contribution of this study to education for sustainable development is to present CBL as
a proposal that provides students the opportunity to reflect on local, national, or global problems.
Reflection was possible via the activity of having students discuss their experiences in the course.
Most of the students expressed that their experiences in the course allowed them to recognize
how to make a profit for society. Such reflections allowed them to delve into their knowledge to
generate innovative solutions to these problems. Also, the ubiquitous ability to leverage e-learning
for interactions and communication among multidisciplinary groups facilitates the development of
transversal competencies in students in university curricula.
5. Conclusions
CBL, as innovative pedagogy, presents university students in multi-disciplinary fields of study
with specific, real-world challenges that can be addressed collaboratively in their college courses.
Presenting real local, national, or global problems can strengthen their motivations to conduct research
and find solutions that address the realities of their environments.
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The application of CBL takes advantage of the e-learning mode and communication tools that
facilitate collaborative work and interactions among the participants at different times and places.
It offers the opportunity to integrate various flexible and inexpensive technological tools into students’
studies, and provides the resources and the content that guide students to resolving the challenges
they have selected [46].
For future applications, we see a need to plan the activity time better and extend the time to be
able to validate the solution proposals with possible users. The students indicated that they do not
know how to generate proposals to develop initiatives that would address challenges to sustainable
development. They also stated that they do not know what their skills are and how to leverage them to
create new businesses. Therefore, it is necessary to provide students with training within their careers
so that they can access this knowledge while taking courses.
We propose that other courses be designed so that students can continue developing their
solution projects with prototypes that they can validate with potential users. They can establish
synergies with other institutions or companies that help them to achieve their goals. Within an
entrepreneurship ecosystem, educators can guide students and support the incubation or acceleration
of their entrepreneurial businesses. Although a single course can help develop specific competencies,
a broader program is more conducive for the integral development of sustainability [47]. Also, we
recommend further research be conducted using larger sample sizes in order to gather and analyze
data quantitatively.
Limitations of the research included that the results obtained were limited to a small study group
that did not represent the general population. However, elements of CBL studied herein could be
replicated in e-learning courses as an active methodology that promotes the solutions to local, national,
and global problems, as well as in other contexts.
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