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Abstract
This research on open, interdisciplinary and collaborative innovations called, “MOOC (Massive Open Online Courses),” 
analyzes the responses of 2799 participants about their perceptions of achieving their professional development goals and 
the competencies they sought to have acquired by the end of the course compared to their expectations at the time of course 
registration. The first four MOOCs analyzed covered topics in Energy Sustainability and were offered in 2017–2018 with a 
total of 17,210 participants. This research used a mixed methodology to analyze the responses of the participants of these 
online courses on energy sustainability (offered by the Binational Energy Laboratory Project: https ://energ ialab .tec.mx/). 
The results show that the participants of the MOOC do perceive that they have developed professionally in training on energy 
issues and that they now have open to them new business opportunities and new professional relationships. In addition, 
through successful completion of the MOOC, they have strengthened their perseverance and self-study skills as well as the 
use of information and communication technologies. The students’ time management is perceived as one of the principle 
challenges in the learning processes of MOOCs.

Keywords Competencies · Educational innovation · Energy sustainability · MOOC · Open educational innovation · 
Perception

1 Introduction

The collaboration among expert educators, trained in a vari-
ety of disciplines, working together on open access projects 
may help create new possibilities for people to have forma-
tive opportunities throughout their lives. This linkage of 
perspectives provides opportunities to develop knowledge 
through shared projects in the open innovation field [1, 2], 
given its free access and the interdisciplinary, diverse and 
collaborative community contributions [3]. Massive Open 

Online Courses (MOOC) are found among the innovative 
projects that can offer these formative experiences through-
out life. Thus, the main objective of the present investiga-
tion is to determine that, if by completion of the Massive 
Open Online Courses (MOOC) that were developed by the 
binational laboratory (https ://energ ialab .tec.mx/), the par-
ticipants in these courses perceived that their expectations 
were met and that the commitment that inspired them to sign 
up led to accomplishment. Also, it was important to know if 
they felt that the MOOC allowed them to apply, develop and 
improve cognitive and collaborative skills related to areas of 
specialized knowledge and the management of information 
technologies for learning (ICT).

To develop this study, educators from a Mexican 
institution worked with two research groups during the 
design of the MOOCs for training in energy sustain-
ability. This collaboration between groups representing 
Energy and Climate Change from the School of Engineer-
ing and Research and Innovation in Education from the 
Humanities and Education School brought an innovative 
synergism to the production of the MOOCs. Emerging 

 * Luis Cachay-Huamán 
 cachay_l@up.edu.pe; luiscachay@gmail.com

 Darinka Ramírez-Hernández 
 darinka@tec.mx

1 Centro de Educación Ejecutiva, Universidad del Pacífico, Jr. 
Sánchez Cerro 2141, Jesús María, Lima, Peru

2 Escuela de Humanidades y Educación, Tecnologico de 
Monterrey, Av. Eugenio Garza Sada 2501 Sur 64849, 
Monterrey, Nuevo Leon, Mexico

https://energialab.tec.mx/
https://energialab.tec.mx/
http://crossmark.crossref.org/dialog/?doi=10.1007/s12008-019-00572-9&domain=pdf


1342 International Journal on Interactive Design and Manufacturing (IJIDeM) (2019) 13:1341–1352

1 3

from a joint project called, “The Binational Laboratory,” 
from Mexico and the United States, this collaboration 
among multidisciplinary educators was supported by the 
National Science, Technology and Research Institution 
from Mexico (CONACYT), the Energy Department from 
the government (SENER) and the Tecnologico de Monter-
rey (TEC). The “Binational Laboratory for the intelligent 
management of Energy Sustainability and Technologi-
cal Training” project is comprised of four elements to be 
developed: infrastructure; specialized human resources; 
research capabilities; and interdisciplinary- interinstitu-
tional-binational projects (Fig. 1).

The binational laboratory aims to offer high-impact 
solutions to sustainability challenges faced by the Mexi-
can energy sector to do the following: (a) increase spe-
cialized human resources; (b) solve specific demands for 
technological research; (c) develop smart technologies for 
the energy-value chain (electricity); and (d) make avail-
able nationwide a curriculum based on MOOC technology 
to overcome training shortages. Its ambitious goals are 
reflected in the number of professionals decided as a tar-
get (15,000) to receive certification. This number would 
cover part of the demand for professionals generated by 
the energy reform in Mexico.

The relevance of this research lies mainly in that the 
collected research data and conclusions obtained will 
serve entities in all fields of education to improve the 
design and implementation of MOOCs. Likewise, the 
research will provide statistically significant support to 
underpin the learning methodologies, activities and tech-
niques that need to be promoted and incorporated in the 
design and implementation of the MOOCs.

2  Theoretical frameworks

Energy sustainability is currently considered one of the 
most important and urgent topics in recent history. Because 
of environmental conditions, shortage of non-renewable 
resources and even the economic crisis, it has become nec-
essary to look for new, less-polluting energy sources, which 
can also be made easily available to the population in gen-
eral. Jiménez Herrero [4] states that energy sustainability is 
considered a new ethical approach that negotiates between 
society and the environment with a focus on long-term per-
manence and is the responsibility of the current generation 
to itself and future generations.

The World Commission on Environment and Develop-
ment (WCED), established by the United Nations (UN) on 
19 December 1983, defines sustainability as a way of life 
that extends from an individual necessity to a sustainable 
development in a general sense. It can also be defined use-
fully as, “development that satisfies the necessities of the 
present time without compromising the capability of the 
future generations to satisfy their own needs” [5] (p. 4). 
According to Willrich [6], it is important to note that the 
benefits of energy sustainability reach beyond environmental 
effects, because it is also highly important for the develop-
ment of nations and is directly related to economic factors 
that constitute stability and social improvement, since energy 
sustainability is the result of direct interactions among coun-
tries. Furthermore, he notes that energy sustainability must 
be assumed from an interdisciplinary perspective and as a 
critique towards non-sustainable attitudes that are held in 
society in order to generate discussion and conscious action 
capable of guiding us towards development [7–10].

In addition to the important role of training profession-
als in Energy Sustainability, MOOCs incorporate attributes 

Fig. 1  The Binational Labora-
tory for the intelligent manage-
ment of Energy Sustainability 
and Technological Training. 
Webpage: https ://energ ialab 
.tec.mx/

https://energialab.tec.mx/
https://energialab.tec.mx/
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of the Open Educational Movement, such as gratuity and 
accessibility [11], and they are characterized by being open, 
participatory and distributed [12–14]. On the other hand, 
the sustainable development of a country depends on how 
reliable and stable the supply of energy is and whether it 
is reasonable in cost and in harmony with its environmen-
tal and social requirements [15]. This could have a positive 
correlation with the level of prosperity of its citizens [16]. 
Given the above, it is relevant to investigate the competen-
cies that are developed in these MOOCs.

We live in a changing world, which demands increased 
innovation by educational institutions to deliver sufficient 
and timely training to professionals. These changes derive 
from the ways in which information and communication 
technologies (ICTs) have impacted our society in the last 
three decades. MOOCs emerge as one alternative response 
to the need for knowledge and training in a modality very 
adapted to the current rhythms of life.

Massive Open Online Courses (MOOCs) are classes 
taught via technology platforms that extend the teach-
ing–learning process to thousands of students at one time. 
They have emerged as a response to the challenges faced by 
educational institutions and organizations in critical times 
of information need, because they can deliver demanded 
training to a large population that seeks quality education 
at low cost [17].

MOOCs have also had to respond to the needs of the so-
called current generation of digital natives who rely on ICT 
to perform and simplify tasks, whether for work or school, 
thereby making greater the challenges to which these types 
of tools must respond. Having said that, ICTs have made pro-
gress and have improved an increasing number of fields of 
knowledge to the degree that, today, we are dependent upon 
these technologies to perform almost any activity, no matter 
how simple it may be. The technologies arise as a response 
to the needs of the user community itself, which demands 
a great diversity of tutorials, guides or complete courses in 
areas of technology, economics and other topics of interest. 
Therefore, the developers of MOOCs have the challenge of 
understanding and satisfying the need for ever-increasing 
consumption by consumers of reliable information.

Perhaps the greatest challenge for the MOOCs is to 
improve the completion rate of the people who enroll in 
these courses for learning, because, although there is a high 
rate of enrollment, it is also true that more than 60% do 
not finish, according to the data from the SCOPE report 
(2013) [18]. In addition to this, the form of evaluation in 
MOOCs has been much criticized for its rigid modality and, 
to a certain extent, the behavioral reliance mainly on the 
use of memory for the learning processes. The students of a 
MOOC want the teacher himself to provide feedback in their 
learning process. The massive number of teaching–learning 
processes has forced universities and educational institutions 

that teach through these types of courses to reduce them into 
modules in order to minimize costs. It also requires that the 
students be autonomous and self-regulate their own learning.

Competencies are a set of knowledge, skills and abili-
ties, which, in combination with certain attitudes and values, 
empower a person to face the various situations that arise 
throughout their existence [19]. In this sense, these authors 
add that effective performance in the labor field depends 
on a set of variables. Although there is a consensus that 
generic competencies constitute the substratum on which 
the impulse to learn is sustained, long-term learning and 
the ability to adapt and/or consolidate specific competencies 
depends on contexts. These authors emphasize that the lines 
of research on learning and competency assessment focus on 
student-centered processes dependent on the use of virtual 
and collaborative tools and the training of teachers to have 
the capacity to apply these tools.

On the other hand, professional development is a variable 
that depends on the motivation and decision of each individ-
ual. In addition, the generalization of the use of digital tools 
demands new skills of communication and collaboration in 
order to facilitate the management of relationships in the 
virtual field. It requires skills that allow critical perception 
of the progress of self-learning and its effective application 
[20]. Similarly, with respect to the open educational move-
ment, pending challenges to tackle are the development of 
didactic digital competencies simultaneously with the design 
of more advanced models of distance learning [21, 22]. This 
present investigation is related to these concepts.

The definition of professional development involves 
activities aimed at improving the practices of a professional 
in the areas in which he works through life-long learning 
[23]. Usually, the definition is restricted to the period after 
graduation and can be found in the bibliography and equiva-
lent terms that describe professional development, educa-
tion or continuing education [24]. On the other hand, with 
the purpose of analyzing how professional development can 
change in social and labor contexts, some authors allude to 
the current debate about whether this educational space is 
designed and built by educational or productive entities as 
a response to supply or demand, figuratively [25]. A set of 
criteria that has been identified to examine a training sys-
tem from the economic and strategic point of view includes 
relevance, coherence, compliance, efficiency, timeliness and 
adherence [26]. This highlights the importance of develop-
ing adequate skills to face increasing uncertainty in the 
workplace. The training systems and criteria distinguish the 
resources to act with competence, the professional activities 
that are developed with competence and the real actions of 
the workers.

If professional development is relevant, and currently 
there are the necessary technological tools available to 
everyone, such as MOOCs, why not use them for the 
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professional development of the community in general? In 
a study on the quality of MOOCs, the terminal efficiency of 
the MOOC offered in the platform, “MexicoX,” (the num-
ber one platform of digital learning in Mexico) during the 
year 2016 was calculated to be 19.4% [27]. The authors also 
point out that, in this way, their vision of “positioning qual-
ity educational offering at an international level” has been 
successfully built through open, free and online courses of 
national and international educational institutions” [27] (p. 
6). Through the MexicoX platform, twelve MOOCs have 
been developed for the 2016–2019 period, and it is noted 
that the terminal efficiency has been 16%, significantly 
higher than the global average of 5%.

3  Methodology

For this research, the mixed method of investigation has 
been applied, starting from the research-design process and 
going through the data collection and analysis. A triangula-
tion design approach was deployed using a convergent model 
with three stages: quantitative, qualitative and convergent 
(Fig. 2). The data collection and the obtaining of results 
of the qualitative and quantitative analysis procedures were 
developed in a parallel way. Finally, they were compared and 
contrasted in a convergent stage in which the results were 
interpreted to reach conclusions based on both [28].

The advantages of the triangulation approach are that it 
provides greater confidence and validity to the results, more 
creativity in the development of the study and flexibility to 

interpret the results. However, when applying it, some pieces 
of data might be set aside without exhaustive examination, 
or biases may arise from various sources [29].

Being part of the Energialab project makes this inves-
tigation experience unique, with no similar previous ref-
erences which could be approached as a single case with 
mixed methods of research. Thus, the research question of 
this study is answered, and the objectives of this study are 
achieved through the use of a combination of quantitative 
and qualitative analysis tools applied to a set of data that was 
empirically obtained through questionnaires that allow the 
identification of the MOOC participants’ perceptions. This 
framework permits exploring a phenomenon that is barely 
known or described in detail [30]. Additionally, among the 
five types of cases (critical, unusual, common, revelatory 
or longitudinal) cited by Yin (2009, 2014), the rationale to 
label this as a single case fits the revelatory type, because it 
has not been studied previously [30, 31].

In order to achieve quantitative objectives, two hypoth-
eses were proposed:

Null hypothesis Upon completion of the MOOC and with 
respect to the expectations that led them to enroll, students 
value equally the results obtained in the aspects of profes-
sional development compared to the specific competencies 
acquired (Fig. 3).

Alternative hypothesis When completing the MOOC and 
regarding the expectations that led them to enroll, students’ 
value differently the results obtained in the aspects of profes-
sional development compared to the specific competencies 
acquired.

Fig. 2  Mixed research method with a convergent triangulation design approach (Source: adapted and translated by Cresswell and Clark [28, page 
63, b])
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The qualitative objectives of this research aimed to reveal 
what is the students’ level of commitment to the course and 
what are the factors that affect it.

As is prescribed in a mixed method research, informa-
tion was collected for both the quantitative and qualitative 
stages. Web-based, systematic-and-structured-data-collec-
tion procedures aimed to obtain direct information from stu-
dents their perceptions about their learning motivation and 
experience at the beginning and at the end of the MOOC, 
respectively [32]. This ensured a robust capture of responses 
and, at the same time, a cost-efficient way to obtain a large 
amount of information.

The courses are delivered in an open-fashion mode using 
the MexicoX platform. This study involves the first four 
massive courses of the project (https ://energ ialab .tec.mx/):

• Energy: past, present and future.
• Energy reform in Mexico and its opportunities.
• The new electrical industry in Mexico.
• Conventional energies, clean energy and its technology.

Participants in the quantitative section consisted of a 
finite convenience sample that corresponds to the total num-
ber of participants of the four MOOCs mentioned above, 
who not only took the MOOCs, but also passed them. Out 
of 17,210 participants in the MOOCs, 2799 passed, of which 
1996 answered the Likert scale questionnaire. The latter are 
the units of analysis for this study. It was important to ana-
lyze what the students thought about the MOOCs, as they 
provided this study with information regarding the prod-
uct; that is, the MOOCs designed in collaboration by engi-
neers and education experts. The demographic data of the 
sample studied is the following: 38.6% women and 61.4% 
men; 26.6% of the participants had a high school education, 
9.2% had a technical degree, 47.3% had a bachelor’s degree, 
11.7% had a master’s degree, 1.2% had PhDs and 4.1% had 
other educational backgrounds. Participants mostly belonged 

to 20 different countries in Latin America, while some par-
ticipants were from Canada and Spain.

The sample for the quantitative section was obtained from 
the answers to the final questionnaire of 2799 MOOC par-
ticipants who finished each of the courses on the MexicoX 
platform [33] and received certificates in April 2017. This 
instrument had 17 questions on the Likert scale with four 
closed answers: strongly agree, agree, disagree and strongly 
disagree. The survey consisted of three sections; namely, 
identification data, interests for professional development 
and competencies acquired with the MOOC [34].

In the second section, there are seven questions about the 
interests and motivations for professional development that 
led the student to enroll in the MOOC [35]. It combines mul-
tiple choice and Likert-type items used to obtain information 
about the degree of satisfaction of the students regarding 
the contribution of the course to improve their professional 
development, considering the following aspects: training 
needs, professional development and business opportunities, 
professional relationship with people with similar interests, 
academic training, perseverance and learning skills and use 
of information and communication technologies (ICT) to 
complete the course successfully.

In the last section, there are six questions with Likert 
scale multiple choice answers about whether the course 
allowed the student to acquire or improve in the following 
specific competencies: digital competencies related to inter-
net and office automation, use of the technological platform, 
obtention of relevant information, use of social networks 
for academic purposes, basic knowledge of the topics of the 
course and development of practical experience in the area 
of energy.

For the qualitative section, the chosen discretionary 
sample was obtained from 83 participants (out of the 1996) 
who, in addition to the closed Likert-type items, answered 
an open question about their level of commitment to the 
course, which was part of the initial questionnaire. This is 

Fig. 3  Simplified scheme of the 
research quantitative framework Professional Development

Specific Competences

Start Finish

Expectations Perception

https://energialab.tec.mx/
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comprised of 28 items grouped in three sections: identifi-
cation, interests and motivation, and prior knowledge. The 
second section includes a question that inquires about the 
commitment of the student to complete the course.

The closed-answer alternatives refer to (i) their interest 
in obtaining the certificate; (ii) whether they will perform 
activities and exams independently of the certificate; (iii) 
their interest in finishing the course; (iv) their willingness 
to consult the material or (v) their becoming aware of the 
content without completing the full course. It also includes 
option (vi), other, which allows an open response and has 
been used additionally as a source of data for qualitative 
analysis.

The elaboration, triangulation and piloting of the qualita-
tive and quantitative instruments were developed in a previ-
ous phase by the Research Group of Innovation and Educa-
tion of the Tecnologico de Monterrey and by researchers of 
the Openergy network of the project [34] for the purpose 
of obtaining validity of content and structure for the instru-
ments used. Likewise, a series of consultations was carried 
out with education experts regarding the relevant constructs 
for building the surveys [35]. Likewise, its structure was 
validated with a reliability analysis based on the Cronbach’s 
alpha coefficient, after having analyzed its structure using 
the Exploratory Factor Analysis strategy and the factorial 
solution method of the main-axis-with-oblique-rotation 
strategy [34].

Data collected through the quantitative stage was pro-
cessed with a descriptive statistical analysis, and a Z test was 
applied in order to confirm the research hypothesis. Simulta-
neously, a qualitative analysis was performed from the open 
answers of the students to the commitment level question. 
Finally, the results of both stages were compared, contrasted 
and interpreted jointly.

The quantitative analysis used the answers’ data to iden-
tify whether, at the end of their courses, the students per-
ceived that the expectations that led them to enroll were 
fulfilled and, furthermore, that the MOOCs allowed them to 
apply, develop or improve cognitive and collaborative com-
petencies in the areas of specialized knowledge and in using 
ICT for learning purposes.

The reliability analysis required splitting items into two 
groups; namely, one for the professional development factors 
and the other for the acquired competencies. The responses 
were rated from 1 to 4 with 1 for Strongly Disagree, 2 for 
Disagree, 3 for Agree, and 4 for Strongly Agree. This trans-
formed the ordinal variables to metric variables.

The Cronbach’s alpha coefficient was calculated for each 
group and for the total responses of the final survey. The 
results confirmed its reliability, which is defined as the 
degree to which a multi-item instrument consistently meas-
ures a sample of the population so that, when the Cronbach’s 
alpha coefficient is between 0.70 and 0.90, it is a sign of a 

good internal consistency of the answers [36]. Table 1 shows 
the reliability results of the students’ answers to the final 
survey, where in each case, α > 0.70.

4  Results analysis

The data analysis strategy is different for each stage of the 
investigation. A general characteristic of the mixed method 
of research is the methodological eclecticism, which leads 
the researcher to select the best available techniques to solve 
the research questions [37]. The quantitative stage takes the 
data collection and applies statistical procedures to describe 
the central tendencies of the responses and their dispersion. 
In the qualitative stage, the data taken from the answers of 
the participants are interpreted from previous assumptions, 
seeking to identify the elements of the student’s commitment 
and the challenges that he perceives in the MOOC develop-
ment process.

The quantitative analysis of this research is based on the 
positivist paradigm, which is based on an objective, rigorous 
and reliable measurement [38] of the variables that support 
the hypotheses and help answer the research question. In 
addition, some elements of the qualitative approach have 
been incorporated to enrich this research with mixed meth-
ods [39].

The student population had 41% graduate level and 33% 
bachelors, 62% men, 68% teaching-related professionals and 
62% students under 30 years old [40]. Out of the total num-
ber of students who received participation certificates, 1294 
answered all the questions in the survey, and the statistical 
analysis was carried out on this information (see Table 2), 
that corresponded mainly to the first four MOOCs.

Three groups of variables were defined in order to carry 
out the quantitative analysis: PROSDPR for the values of 
the answers on aspects of professional development; PRO-
SCOM for the values of the answers on acquired competen-
cies and, finally PROSTOT for the total evaluation of the 
MOOC. Then, a descriptive analysis was carried out to esti-
mate the average and the dispersion of these variables [31].

To accomplish the purpose of the research and in order 
to verify the quantitative hypotheses, the following steps 
were followed:

1. Identification of the type of test to be performed.

Table 1  Results of the reliability test

Professional devel-
opment answers

Acquired compe-
tencies answers

Total

Cronbach’s alpha 
(α)

0.839 0.867 0.915
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2. Choice of level of significance.
3. Determination of the zone of acceptance or rejection of 

the Null Hypothesis.
4. Determination of the statistical calculation function.
5. Conclusion of the test in acceptance or rejection of the 

Null Hypothesis.

Data was arranged so that the answers represented vari-
ables related to the competencies under analysis. The groups 
of variables used for the descriptive statistical analysis is 
shown in Table 3.

The results of the answers for each group of PROSDPR 
and PROSCOM questions referred, respectively, to the 
average of the questions on professional development and 
the deployment of learning and technology management 
competencies, and the total variable (PROSTOT) had an 
average close to 3.5 within the Likert rating scale, which 
is considered a high valuation, because it lies between the 
favorable (agree) and very favorable perception (strongly 
agree). Likewise, the medians of the three variables are very 
close to each other. This fact reflects that the responses on 
the evaluations of the students’ perception of the aspects of 
professional development and of the acquired competencies 
are similar.

The variance of the PROSCOM variable is different from 
the variances of the other two variables (PROSTOT and 
PROSDPR), which would lead us to conclude that, in the 
former, the perceptions of the students are more dispersed, 
despite being equally high on average. The same can be 
concluded from the greater coefficient of variability of the 
variable PROSCOM in relation to the other two.

The Z estimator is used because it corresponds to a sam-
ple of large size, greater than 30 data [41]. Subsequently, the 
Minitab V.11.0 application was used to perform a Z test for 
means of two samples. Since the calculated statistic − 0.593 
is smaller than the Z − 2.576 statistic, then the Null Hypoth-
esis is accepted (Fig. 4).

The conclusion of the analysis is that there are no sig-
nificant data that lead to reject the Null Hypothesis. So, it 
is accepted that the means of both groups of variables are 
equal. With this, it is accepted that students value equally 
the results obtained at the end of the MOOC with respect to 
their initial expectations of professional development that 
led them to enroll and their assessment of the skills obtained.

The qualitative analysis seeks to understand the percep-
tion of the participants in relation to their commitment to 
the course at the time of registration in order to assess what 
are the elements and the relevant challenges they perceive 

Table 2  Distribution of students 
who answered final survey, by 
MOOC

MOOC Name Percentage of complete 
answers (%)

Number of 
complete 
answers

Energy: past, present and future 40.3 521
The Mexican energy reform and its opportunities 31.1 402
The new electric industry in Mexico 18.6 241
Conventional, clean energy and its technology 9.3 120
Energy saving 0.5 6
Energy markets: business opportunities 0.2 2
Transmission 0.1 1
Distribution 0.1 1

100.0 1294

Table 3  Results of the 
descriptive statistical analysis

Variable Avg SE StdDev Var VC Median Mode Assim Kurtosis

PROSTOT 3.4986 0.0116 0.4171 0.1740 11.92 3.5385 219 − 0.80 1.26
PROSDPR 3.4938 0.0117 0.4205 0.1769 12.04 3.5714 265 − 0.73 0.84
PROSCOM 3.5041 0.0129 0.4626 0.2140 13.20 3.5 372 − 0.83 1.19

Fig. 4  Acceptance graph of the null hypothesis
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will be faced during the MOOC. A mixed instrument was 
applied, which combined closed questions with options 
proposed by the researcher and also an open option, which 
allowed the student to broaden his opinion regarding the 
commitment.

The analysis of the qualitative data was not standard and 
began with the detailed review of the open responses of the 
participants. It was constructed as it was fed from the suc-
cessive findings, thereby giving a structure to the unstruc-
tured data [29]. In this stage, the closed answers showed that 
81 percent of the students planned to carry out the course 
activities in order to obtain a certificate; 15% planned to fin-
ish the course, even if they did not receive a certificate; and 
2% only wanted to partially complete the course or consult 
its material in order to have a general idea of the content. 
According to the literature review, most of the MOOCs are 
free [42], and this allows people to get a certified education, 
especially, people who previously have not been able to con-
tinue a traditional type education for economic reasons [43]. 
The main reason for this is that most MOOCs deliver the 
certifications free for those who take the courses.

After this finding, the analysis began of the 83 responses 
given to the open part of the question that reveals the level 
of commitment by the students to the courses. In the suc-
cessive-analysis steps, the elements present in the commit-
ment statement were identified, and their influence on it was 
assessed as well as the factors that were considered objec-
tions or limitations to completing the MOOC.

In this stage, the research process works with the words 
and phrases literally declared by the students and builds, 
from successive inductive iterations, a model of components 
that define the level of commitment of the students to the 
course. After preparing and filtering the data, the following 
steps were developed following the intuitive guidelines for 
the data analysis, proposed by Monje-Alvarez (2011) [44]:

1. Recognition of the patterns with which the data appear.
2. Coding or grouping of the data according to similarity 

criteria.

3. Categorization or segmentation into singular elements 
that are relevant from the point of view of our research.

4. Classification, synthetization and comparison, which 
lead to show conclusions for the group of interviewees 
in relation to the research question.

According to this author, “in the discovery phase, the 
researcher must recognize the patterns with which their data 
emerge, examining them in all possible ways” [44]. Thus, 
the first exercise of our qualitative analysis consisted in the 
identification of the recurrent words in the narrative of the 
answers of the respondents and quantifying their frequency 
of appearance.

The identified words were given a contextual meaning 
associated with the question about the commitment to the 
course and grouped together with words of similar mean-
ing. Then, with these words were associated phrases that 
had connection with these groups of meanings. Finally, the 
words and phrases were coded and sub-coded in relation to 
the commitment statements and the elements that composed 
them. The subsequent analysis of these codes, whose mean-
ing arose directly from the students’ statements, allowed 
the construction of categories, which grouped the previous 
levels. On a recurring basis, the statements were reviewed, 
identifying in them the elements of the student’s commit-
ment, both positive and negative, favorable and unfavorable.

Finally, the identified categories were related to the objec-
tive of this investigation, reflected through the research ques-
tion, which inquired about the perception of achievement 
of specific, professional competencies developed through 
MOOCs.

For the data array and its tabulation, the Microsoft Excel 
spreadsheet and the Atlas TI 8.0 application were used for 
the analysis of survey responses, word counting, word-cloud 
construction and identification of the words and phrases 
most relevant to the opinion on the level of commitment to 
the courses.

The results of the qualitative analysis (Table 4) showed 
that the components of the student’s commitment were 

Table 4  Analysis of the components of the students’ answers regarding their commitment

Manifest will Propose action Identify instrument Express motivation Identify object that 
interests you

Declare ulterior 
purpose

Express limitation

Plan Develop All the course To give the best Knowledge Application Time
I will do my best Finish The course I an really interested To learn about 

energy
Personal investment Schedule

I want Do Assessment I am interested More knowledge Work But
I will try Learn Activities Certificate Development Costs
Maybe Acquire Lectures Subject Create a plan Other MOOCs
I think Review Contenido Diploma Take advantage of I do not know
I do not have a will Read Videos Not interested To open doors
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stated through words and phrases whose values affected 
their performance positively (upper) or negatively (lower). 
Among them, it was found that the students’ time man-
agement was one of the main challenges in the learning 
processes of MOOCs. On the other hand, the declaration 
of an ulterior purpose always reflects a potential favorable 
impact on the commitment to the course.

In opposition, students’ opinions also slipped objections 
or limitations perceived by them at the beginning of the 
course; namely, time, schedule, study load, costs and other 
economic aspects.

Among some of the limitations in the literature review 
about MOOCs, we found the following:

That access can only be obtained by people who have 
connection to the internet and a computer [45].
The student should have basic knowledge in the use and 
handling of the ICT [46].
Some MOOCs have a cost and a registration limit [47, 
48].
There is a significant dropout rate in these courses [47, 
48].
The duration could depend on the user in the case of the 
free access and no-cost courses [48].
Some MOOCs charge for the expedition of the certificate 
once the course is concluded because of the prestige of 
the institution that offers such a course [48].
The maintenance of the MOOCs is expensive for the 
organization that offers them [42].

Through a process that uses inductive logic, students’ 
responses were reviewed, and their meanings were linked 
to the following aspects that constituted the axes of their 
commitment and that were manifested in words or phrases 
that have a contextual meaning that affirms or weakens the 
value of the declared commitment. The simplified model 
that results from the synthesis of coding and interpret-
ing the contextual meaning of words and phrases (Fig. 5) 
shows the main components of the student’s commitment.

To illustrate the inductive process, consider, as an exam-
ple, the words certificate, proof and diploma: These are 
associated with the object of interest of the student, which 
is to study the course in order to obtain a certificate. There 
are also words such as take, project and investment, whose 
contextual meaning is associated with the purpose of gen-
erating value for their careers afterwards and is based upon 
the knowledge acquired in the course.

The strength of having the results of this part of the 
research are visible when an instructional designer is capa-
ble of building a learning process by going through the 
various components and identifying specific methods, tools 
and resources that make an optimum combination that will 
improve the learning process.

For example, focusing on the willingness to study, the 
designer can propose preliminary forums or advice sessions 
to assess the starting situations of the students. In addition, 
the advisors may deliver introductory information that aims 
to focus the response of the students on topics that will help 
them to use the platforms or resources. Going forward, peri-
odical surveys may be launched to identify bias or gaps in 
the process and activate a set of coaching sessions. Finally, 
the instructional sessions can be split into modules of gradu-
ally rising complexity so that the certificate, which is the 
thing important to the student, can be earned.

This approach to understanding the commitment of a stu-
dent is key in assessing the potential success of a MOOC, 
given that the nature of these resources rely on the learning 
skills of the students. Notwithstanding, many of the positive 
results of MOOCs have their origin in the use of innova-
tive tools that take advantage of ICT by promoting frequent 
contact through social networks and the mobile learning 
protocols.

It is not a surprise that these results are partially aligned 
with those statements that emphasize that the MOOC quality 
indicators increase with a distance education strategy that 
includes attractive technological resources as well as perma-
nent communication that promotes interaction and student 
response [49, 50]. With these elements present in the MOOC 
design, the engagement of the student is strengthened. 

Fig. 5  Category model of the components of the student’s commitment
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However, there is still room to focus on the long-term pur-
poses of the learning process and on the objections that arise 
mainly due to scarce financial resources or tight schedules 
of the students.

Students’ motivation is an aspect that can be associated 
with the medium-term attractiveness of the courses and the 
impact that the students perceive they will have in their pro-
fessional development. Hence, the results of the qualitative 
stage indicate that commitment is an important component. 
This conclusion is relevant for the Energy lab MOOCs, given 
that they are aimed to train professionals who will deploy 
what they have learned in organizations that are going to 
demand specialized knowledge and technical skills. Despite 
the generalized uncertainty of the economic and geopoliti-
cal contexts in emerging countries [51], these MOOCs offer 
opportunities with high potential for professionals to apply 
what they have learned in practical and interesting projects 
that will impact their communities in favorable ways [16], 
[50].

Moreover, the results indicate that time is deemed to be a 
key factor of the success of the MOOCs. Therefore, students’ 
engagement could be improved with an instructional design 
that ensures availability of students through asynchronous 
learning activities or enforcing the development of soft com-
petencies related to time management. With this latter in 
place, the study load would cease to be a major objection to 
successfully finish the courses.

These results have been built upon a robust set of data 
and instruments supported by an efficient combination of 
qualitative and quantitative techniques. Therefore, in spite 
of the single source represented by the Energialab MOOCs, 
the samples offer significant results that might be used 
for further research that complement the current findings. 
This study can also be useful to build research projects that 
develop the same methods over similar populations of stu-
dents so as to further analyze the frequently low completion 
ratio and its determinants [52].

In the final stage of the analysis of results, the research-
ers reviewed and contrasted the information obtained, both 
from the quantitative section and from the qualitative sec-
tion, since both views of information must come together to 
explain the social reality under study [44].

5  Conclusions

In this study, the results of the quantitative and qualitative 
analyzes were presented, and both the hypotheses and the 
assumptions of the investigation were verified. The data 
confirm the favorable response of the students regarding 
the results obtained when finishing the MOOC, both in the 
factors of professional development and in relation to the 
specific competencies acquired. Likewise, it is appreciated 

that there are no significant elements that indicate a differ-
ence between the perceptions of these two aspects.

The 2799 participants who completed the open, innova-
tive MOOC on issues of energy sustainability perceived 
favorably their achievement of their learning objectives in 
relation to their initial expectations, as verified statistically. 
There are no indications that this perception is different 
between the specific competencies acquired and the aspects 
of professional development.

The participants of the MOOC perceived that they devel-
oped professionally in training and learning about energy 
issues and that they now have business opportunities and 
new professional relationships open to them. In addition to 
the successful completion of the MOOC, they have strength-
ened their perseverance and self-study skills, as well as the 
use of ICT.

The specific competencies and the degree in which they 
comprise the perception of the students about their achieve-
ments or success in the MOOC are yet to be investigated in 
future research projects. Similarly, it would be revealing to 
assess whether there are specific patterns or combinations 
of competencies that are more valued by the students and, if 
so, how these perceptions are aligned with a specific set of 
technical knowledge received during the MOOCs.

One example of these research possibilities would be the 
analysis of the influence of highly-developed collaborative 
skills on the success in technical, mathematics or statistics 
courses compared to courses that offer risk management or 
financial administration contents.

From the qualitative analysis, it is important to highlight 
that the students’ commitment to the course is mainly deter-
mined by the possibility of obtaining a certificate. In addi-
tion, in cases in which a student expresses his open opinion, 
his commitment is stronger when there is an ulterior purpose, 
that is, a plan to take advantage of the knowledge acquired 
in favor of his personal or professional development. This 
result agrees with that of the quantitative analysis, as long 
as there are no differences in the students’ perception of 
their achievements comparing the professional development 
aspects with the specific competencies acquired.

Finally, it is identified that time management is consid-
ered one of the principle objections perceived by the stu-
dent when considering the MOOCs. In this case, it would 
be useful to test the impact of innovative learning techniques 
upon this component of the students’ commitment. Indeed, 
gamification may increase the engagement of the students, 
while complementary time management courses may give 
them tools to face overloaded study schedules. And perhaps, 
the instructional design can be modified to adapt it to the 
students’ more specific needs, contexts and priorities.
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