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Abstract: Sustainable Development Goals (SDGs) reflect the relationship among social, economic,
and environmental aspects of society. Massive online open courses (MOOCs) represent an opportunity
to promote lifelong learning (SDG 4), complementing university education or providing knowledge
to society free and openly. The objective of this work is to analyze experiences in one MOOC
about wastewater treatment applied to higher education in civil engineering (SDG 6). The proposed
educational methodology and the achieved participation results are studied. The MOOC had three
editions and was hosted on the Miriadax platform. Data about sociodemographic characteristics,
initial motivation, and satisfaction level were collected from questionnaires. The results highlighted
the importance of design decisions to obtain a high completion rate: defining a target audience,
without prejudice to the course’s open character, where the prior knowledge of students is crucial.
The teaching methodology is based on autonomous and progressive learning, with short and direct
master classes, social support, with the motivation of students to continue their training with opening
complementary topics in the forums, following up on their doubts, and their combination with
social networks.
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1. Introduction

Sustainable Development Goals (SDGs) are the result of a new definition of sustainable
development where economic, social, and environmental pillars are combined as a nested concept [1].
One of the environmental challenges that must be faced is urban water-resource management [2].
SDG 6 [3] reflects society’s global demand for the sustainable use of water for long-term protection.
In answering this key question, continuous learning is essential, especially in civil engineering.
Such continuing education should not only be in dimensioning infrastructures but should also consider
their relationship with the environment and the societies they serve.

SDG 4 is related to education and promotes lifelong learning opportunities for all [4]. The term
“lifelong learning” refers to training that is carried out alongside and after academic degrees. Lifelong
learning includes all learning activities in the educational path of a person to increase their knowledge
and improve their personal, civic, social, and employability skills. The main difference from traditional
education is that this type of learning is entirely voluntary and elective. The student chooses specific
skills to develop [5].

Massive online open courses (MOOCsS) are an innovation in learning in modern education [6],
distinguished by being accessible to anyone interested in taking them, free, and without participant
limit [7]. This new educational modality facilitates lifelong education in massive, diverse, and open
quality learning [8].
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However, there are still some problems with MOOCs that affect their expected performance,
with completion rate being the leading cause. For most courses, it is below 13%, typically ranging from
2% to 10% [9]. A possible reason for this is the simple organization of MOOC courses in a static mode,
teaching all learners in the same way, with a consequent lack of consideration of their different needs
and characteristics [9].

Aldowah et al. [10] recently identified 12 factors organized into four categories—personal,
circumstantial, relative to the course, and academic factors—on the basis of the literature. The results of
their study highlighted six central factors that directly influenced MOOC student dropouts. These were
(1) academic skills and abilities, (2) previous experience, (3) course design, (4) feedback, (5) social
presence, and (6) social support. Instead, factors related to the difficulty of the course or family/work
circumstances play a secondary role concerning the dropout of students in MOOCs.

Regarding the profile of the student enrolled in a MOOC (Factors (1) and (2)),
Ruiz-Palmero et al. [11] studied several MOOCs at the University of Mélaga (Malaga, Spain)
and students’ opinions of them. Results revelated that participants were occupied with university
studies and that previous experience in MOOCs is relevant to achieving the established targets at
the beginning of the MOOC. The students showed a high level of satisfaction with them, which was
indicated by the high percentage (99.4%) of those who would enroll in another MOOC, or that 97.9%
would recommend it [11].

Concerning the didactic methodologies defined in course design (3), discussion forums and
conference videos are the most used pedagogical methods in education for sustainability in MOOCs [12].
Guo et al. [13] studied how video production in MOOC:s affects student engagement. Among principal
findings were that shorter videos, and videos with the instructor interposed with slides where the
teacher speaks with enthusiasm, inviting student participation in forums of discussion make an MOOC
more attractive.

Social support (6), feedback (4), and presence in social networks (5) are essential in the successful
development of an MOOC [10]. Park et al. [14] reported that a lack of social support, indicated as
not encouraging and motivating students to complete the course, and a lack of instructor—student or
student-student communication, could cause a high dropout rate of students. Social networks as a
learning tool must be well-integrated into MOOCs to open up social communication and interaction in
online environments [15]. Jiang et al. [16] indicated that social media could help improve learning and
reduce dropout rates in online courses if there is real interaction beyond just promoting the course.

Once the critical factors for the success of an MOOC are defined and analyzed, the main aim
of this work is to assess the proposed educational methodology of an MOOC on the basis of these
crucial factors. The subject of the studied MOOC is wastewater treatment at a higher-education
level in civil engineering and related engineering. The provided training was from integral technical,
social, and environmental points of view. In other words, the objective of this study is to evaluate the
implementation of an MOOC for the dissemination of knowledge of a technical topic, the proposed
educational methodology, and the achieved participation results.

2. MOOC Learning Design

The University of Extremadura considered the implementation of several MOOCs as an ideal tool
to complement the training of students and as social-responsibility action that gives back to society
part of the knowledge generated within it in a free and open way for personal and career development.

To this end, in 2016, the public call for proposals for the selection and implementation of various
MOOCs was published: Pilot Project I for Massive Open Online Courses (MOOC) [17], providing the
human and material resources necessary for its realization. Miriadax hosted a total of eleven MOOCs,
among which was the MOOC object of this study: “Water management—introduction to the treatment
of urban sewage” [18]. The Miriadax platform made available to the participants enrolled in the MOOC
all necessary resources, so that students could acquire the key skills of the course at their own pace and
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from any location. Through the forums, students could generate debate and share doubts, experiences,
and ideas with other participants.

2.1. Objective and Didactic Methodology

The objective of this MOOC was to offer quality up-to-date training with regard to urban wastewater
treatment. The provided education was comprehensive, both in infrastructure type and dimensions,
and in their relationship with the environment and with the society that the infrastructure serves.

MOOC design is based on three pillars: student autonomy, short and direct methodology,
and social support. These aspects are shown in Figure 1, and the more interesting references regarding
the literature review appear in Table 1.

WATER MANAGEMENT
MoocC

Based on 3 pillars

STUDENT DIRECT SOCIAL SUPPORT
AUTONOMY o
PROGRESSIVE LESSONS
[
Defined Methodology Use

Independent modules

Target audience Short video Forums
Straightforward explanation Twitter

[
Enable

[Progresive and autonomus Iearning]

Figure 1. Main pillars of massive online open course (MOOC) design of “Water management—introduction

to the treatment of urban sewage”.

Table 1. Defined MOOC pillars, related factors, and references.

MOOC Pillars Factors Reference

Ruiz-Palomero et al. [11]

Student autonomy Academic skills Previous experience Kennedy et al. [19]
Lee et al. [20]
Guo et al. [13]

Direct and progressive lessons Course design Callejo et al. [21]
Feedback Park et al. [14]
Social support Social presence Panigrahi and Srvastava [15]
Social support Jiang at al. [16]

1. Student Autonomy: The students’ learning is based on prior knowledge and autonomy,
where defining the target audience is particularly highlighted. The MOOC was preferentially
developed for students or graduates in civil engineering, environmental engineering, or related careers
to urban water-cycle management to facilitate its correct understanding in an autonomous manner.

2. Direct and Progressive Lessons: The master class must be short, simple, and straightforward.
The structure of the MOOC, consisting of short videos and independent modules, enables
autonomous and step-by-step learning in such a way that the acquisition of knowledge is
progressive, from the global to the more technical aspects.

3. Social Support: Social support and communication (instructor-student and student-student)
were promoted in forums of the online training platform. The forums were a support to add
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complementary information, to open topics for discussion, and to share appreciation or resolve
issues about MOOC matters.

A key to MOOC success is their dissemination to reach the population to which they are
directed. In this case, different routes were adopted to reach as many potential students as possible.
First, the Miriadax platform actively disseminated information by announcing courses with a start date
close to the date of the website visit. On the part of the university, through the Vice-Rector’s Office for
Quality, dissemination was carried out both on the website and through majority-use social networks
such as Twitter.

The decision to create and manage a Twitter profile related to the course, @MoocUexDepura,
propitiated the possibility of pursuing objectives of the massive and open nature of this type of
education. Through the course’s profile on Twitter, complementary information was disseminated and
organizations related to the topic were suggested. There was a weekly reminder to monitor the MOOC
with the objective that students would be encouraged to continue with the training and in response to
possible technical incidents.

2.2. Sequencing, Resources, and Teaching Materials

The MOOC was organized into five modules; each module was independently structured to make
them easy to understand and follow. This MOOC involved 5 hours of work per week by the student
and the MOOC duration was 5 weeks. The modules are described below:

e  Module I: Introduction to urban water-cycle management. Water Framework Directive. Social
and legislative contextualization of urban water-cycle management.

e Module II. Urban wastewater treatment. Description and parameters. Presentation of a
conventional wastewater-treatment plant (WWTP).

e  Module III. Wastewater-treatment plants. Water lines. Study of water lines, global schemes,
and treatments of a WWTP.

e  Module IV. Wastewater-treatment plants. Sludge lines. Study of sludge lines, global schemes,
and treatments of a WWTP.

e  Module V. Nonconventional debugging techniques. Development of unconventional debugging
techniques and methods. Advantages and disadvantages.

This structure enables progressive learning from global, environmental, and social aspects in
Module I; chemical and technical aspects related to conventional WWTP design (Modules II, II, and IV);
and Module V introduced unconventional treatments on the basis of environmental friendliness, such
as lagooning or wetland systems. This MOOC highlights sustainability and social responsibility
associated with wastewater treatment. Module I introduces and relates wastewater treatment to
the SDGs (mainly SDG 6) and the green and circular economy. In this way, the student is provided
with sufficient information to understand a WWTP beyond the technical aspects and to develop
environmental and social awareness linked to this civil-engineering infrastructure.

Each of the five training modules included a series of learning resources, such as audiovisual
materials of their own production, complementary materials (external links to websites, case studies,
and a list of bibliographical material and recommended reading), and an evaluation questionnaire.

The duration of the videos was variable, 4-5 minutes on average. Each module was made up of
five or six videos, depending on the distribution of the teaching material to be shown.

Evaluation was carried out through test questionnaires published at the end of each of the
course modules (the rest of the activities were optional), designed for proper completion. It was
essential to have obtained 50% out of 100% in the corresponding module test to pass it. Evaluation
was carried out by using automated-type tests made up of questions with a single, numerical-value,
or true—false answer. By considering a self-assessment model, the student knows the results at the end
of each module.
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To obtain the “certificate of participation” in the course, the user must have passed 75% of
the modules. To receive the “certificate of achievement”, the student must have passed 100% of
the compulsory activities and would also have to request their diploma according to the procedure
described in Miriadax.

3. Materials and Methods

3.1. Sociodemographic Characteristics of Respondent Participants

The MOOC was published in Miriadax with two initial editions (Table 2) The third edition
was the result of a collaboration between Miriadax and the University of Extremadura to offer the
possibility of opening the latest editions of the MOOCs. Consequently, it was possible to provide the
best academic offer given the circumstances from the COVID-19 pandemic and the mobility restrictions
that were generated.

Table 2. MOOC editions, start dates, enrolled students, and completion rate.

Data First Edition Second Edition Third Edition !
Start dates 16 October 2017 21 May 2018 22 April 2020
Enrolled students 1508 2331 555
Starting rate 63.66% 39.36% 74.59%
Completion rate 23.93% 36.80% 45.41%
Questionnaires 1520 843 323

! third edition during COVID-19 pandemic.

As shown in Table 2, the second edition was the most popular, with 2331 students enrolled,
where 39.36% started the MOOC, and 36.80% of the students who had started the course finished it.
These rates are higher than those of several indicated studies [9,10] in which the completion rates varied
between 2% and 23%. The third edition had fewer students enrolled due to the circumstances from the
COVID-19 pandemic, and this edition had scarce resources, especially in terms of dissemination on
social networks. The value of the questionnaire is attached to the number of participants that filled out
the final questionnaire about the content, teachers, and platform.

Figure 2 shows the percentage of total students by age distribution. Most of the participants were
adults, similar to in other studies [10,22,23]. The majority age group was from 25 to 35 years old in
the three editions (37.5%, 29.9%, and 38.7%, respectively), which reflects the goal attainment for the
previously defined targeted audience in the course design, without prejudice to the original open and
massive nature of an MOOC.
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Figure 2. Age distribution in three MOOC editions.

The percentage of men and women was practically identical in the last three editions (Figure 3).
As can be seen in Figure 3, the number of men was slightly higher than that of women, with an average
rate of 62.2% for men and 37% for women.

3rd

2nd

MOOC editions

Ist

o

20 40 60 80 100

Percentage of respondents (%)

m Men m Women

Figure 3. Gender distribution in three MOOC editions.

Regarding the distribution and location of the students, Figure 4 shows that most of the participants
came from Spanish-speaking countries; approximately half of the participants came from Spain,
with almost 20% of them located in Mexico and Colombia. The remaining 30% were distributed evenly
across all Latin American countries. Training is taught entirely in Spanish, which confirmed that
language is a key factor [23]. However, there were students from Russia, which indicated that the
dissemination of MOOCs can spread knowledge to environments in which students are a priori not
expected to train in the Spanish language.
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Figure 4. Countries of origin of integrated-water-management MOOC students expressed in
student percentage.

3.2. Instruments

Data were collected through two questionnaires by the Miriadax team. One poll was during the
beginning of the course, defined as Module 0. This survey asked about sociodemographic characteristics
(age, gender, residence country, and study level) and the initial motivation to enroll in the course.
The second questionnaire was available at the end of the MOOC, and survey questions were about
satisfaction level with the design course and platform, and the possibility of recommending the course
to prospective students. Both questionnaires were entirely voluntary. The number of respondents to
both polls per edition was equal to 1520, 843, and 323, respectively.

The Miriadax team carried out and controlled the design and management of the qualitative
questionnaires for the courses hosted on the platform. The questions were similar to those proposed in
similar studies [6-8].

Focusing on social media, the approach adopted in this study was analyzing the descriptive
statistics of the MOOC Twitter account and examining the feedback during each MOOC edition.
Descriptive statistics are facilitated by the Twitter team and show interactions and impressions of
account activity on the social network [24].

4. Results and Discussion

4.1. Previous Interests

Academic skills, abilities, and previous experience are critical factors in the completion rate
of a MOOC [9,18]. These crucial aspects are reflected in Table 3, where the highest percentage of
students enrolled were graduates in the three editions (i.e., 45.3% in the third edition), following
university students (between 20% to 27% in the three editions), similar to percentages obtained by [21].
Regarding the target public, MOOCs were preferential to a student or graduate in careers related to
urban water-cycle management.

Table 3. Level of education.

Education Level First Edition Second Edition Third Edition
Secondary education 7.72% 6.67% 8.0%
Undergraduates 23.02% 27.0% 20.4%
Graduates 44.67% 59.4% 45.3%
Postgraduates 24.18% 6.77% 25.0%

Any studies 0.41% - 1.3%
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The influence of previous knowledge about the topic is shown in students having reported prior
knowledge about the subject in the course—72.7% on average in the three editions. However, just over
half of the participants (57.4%) had done online training before (Table 4).

Table 4. Average percentage concerning total survey respondents in three editions about previous
knowledge and online training.

Questions Yes No
Have you ever done online training before? 42.6% 57.4%
Do you have previous knowledge on the subject of the course? 72.7% 22.3%

The results in Figure 5 indicate the diversity of reasons or desired uses of MOOCs beyond
certification [23]. Close to 30% of surveyed students reported their studies or professional goals as
reasons or desired uses for enrolling in this MOOC, similar to the reasons indicated by [25]. However,
only 0.95% of participants showed interest in a certificate, in contrast to [21] and [25]. This contradiction
can be explained by the seemingly unofficial nature of the certificates issued in most MOOCs [11].

Certificate
Challenge
Personal

Studies

Interestin the MOOC

7

7

|

-/
Professional [

-

General

0 5 10 15 20 25 30 35

Average percentage of students (%)

Figure 5. Average percentage concerning total survey respondents in three editions about their reasons
for or interest in their enrollment.

4.2. Satisfaction Rates

Focusing on the evaluation of the MOOC, a satisfaction questionnaire was realized at the end of
the first edition. In this section, we review the interest and achievements accomplished by the MOOC
after its completion and among the students who passed the course.

The surveyed students indicated that their expectations were exceeded (44.7%) and their
expectations in the early stages of the course were highly surpassed (45.5%) (Figure 6a). The MOOC'’s
general evaluation was very optimistic when classifying the course within the platform for 67.2% of
the students, who assessed it as “very good” or “excellent” (Figure 6b).
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Figure 6. Percentage concerning total survey respondents in first edition: (a) MOOC met student
expectations (yes, no, or above expectations); (b) general assessment of MOOC on a scale of “very bad”,
“bad”, “good”, “very good”, or “excellent”.

The course design was evaluated, and results are shown in Figure 7.The methodology and resources,
referenced in audiovisual and complementary materials, and evaluation mode, were classified by most
surveyed students as “very good”. However, participation in the forums was predominately defined
as “good”. This lower valuation could be due to higher demands from the students in the involvement
and feedback of the teaching team, in line with results obtained by [11], where students demanded
more teaching support.

60

50

40 M Very bad
m Bad

30
1 Good

« m Very good

10 M Excelent

0
Videos Suplementary Forums Test
data

Figure 7. Material and resource assessment by students, expressed in percentage concerning total
survey respondents in first edition.

4.3. Social-Media Interactions

As several studies [9,10,18] indicated, and Figure 7 reflects, social factors such as student-teacher
relationships, communication, and social support are crucial for the success of an MOOC. In addition
to forums on the platform or email notifications, teaching staff of the integrated-water-management
MOOC created a Twitter account to publicize the MOOC on social networks and to promote social
contact with the students more informally.

Table 5 shows the statistical results provided by Twitter analytics during the first and second
editions of the MOOC, respectively. Impressions were defined as the times that people were sent a



Sustainability 2020, 12, 8430 10 of 13

tweet in their timeline or found it in search results; engagements are the total number of times that
someone interacted with a tweet (clicks, retweets, replies, etc.). Engagement rate was similar to the
number of engagements divided by the number of impressions.

Table 5. Twitter analytics.

Twitter Analytics First Edition Second Edition

Total impressions. 9500 8200

Impressions per day. 272 245

Engagement rate. 1.6% 1.5%
Promotional. 8 4
Motivational. 6 6

T f tweets.

ypeso eets Complementary information. 7 9
Incidents. - 1

Through the course’s profile on Twitter, besides MOOC promotion, 7 own tweets in the first
edition and 9 in the second edition suggest that complementary information and topics discussed
in the forums were shared. A weekly reminder to motivate students to continue with the training
was published in both editions. A series of tweet examples is shown in Figure 8. Figure 8a shows a
Module II supplementary-information tweet in the first edition to motivate participation in a forum,
and Figure 8b shows motivational tweets from the second edition.

MOOC_UEX_Depuracién @MoocUexDepura - 24 oct. 2017 v .

En el foro del médulo 2 @MoocUexDepura debatimos sobre los MOOC_UEX _Depuracién @MoocUexDepura - 30 may. 2018 e
#ContaminantesEmergentes Visita virtual a una EDAR. Conoce las fases de tratamiento y los pasos
para llevar a cabo de la reutilizacién de las aguas residuales de la mano de
@FAquae fundacionaquae.org/aquaexplore/de...

Q a1 ) e il

MOOC_UEX_Depuracién @MoocUexDepura - 28 may. 2018 v
#FelizLunes comenzamos la segunda semana del #MOOC en gestién de
depuracién de aguas residuales. Recuerda, los foros estan disponibles
para compartir dudas/comentarios/sugerencias/ideas sobre cada uno de
los temas tratados iParticipal

Gestién del agua: Introduccién al tratamiento de ag...

Eh Gracias por tu interés. Aunque este MOOC ya se
realizd, si te inscribes podras acceder a los ...
Los contaminantes emergentes: Descripcidn y tratamientos & mirladax.net
Como contaminante emergente se entiende todo
contaminante previamente desconocido o no reconocido como ... o 1 3 3 & i
9 iagua.es
( e’ Q s ih

Figure 8. Examples of @MooUexDepura tweets: (a) supplementary information in first edition and
(b) motivational tweets in second edition.

In this Twitter profile, the period with the most reliable impressions and engagements rate
coincided with the first edition (Table 5), although the second edition had more participants (Table 2).
This may be due to the most active period being during the beginning weeks of October, similar
to the conclusions of the study by Shen C. [26]. As Jiang and Kotzias indicated in their study [16],
merely using Twitter does not necessarily lead to an increase in student-student interactions and
that communication by the instructor or MOOC-promoting platforms is dominant. The success of
the second edition is justified because the number of participants that had completed the second
edition was 857 against the 360 of the first one (Table 2). As the content was similar in two editions,
the only difference was information given in social networks to assist students in their training efforts
by suggesting complementary information. Consequently, this study showed the incorporation of
social networks as a learning strategy that can help reduce the dropout rate, as was highlighted in [27].
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5. Conclusions

The nature of MOOC courses represents an inspiring opportunity to promote lifelong learning
beyond the established contents of most university degrees. This extension and amplification of
education that is free and for everyone who has an Internet connection helps to achieve the purposes
of Sustainable Development Goal 4 (quality education) [28]. Opening massive, public, free, and online
education is not incompatible with multidisciplinary and technical topics such as a civil-engineering
education. Moreover, their symbiosis brings together a new type of student who is interested in the
latest advances and developments.

This study illustrates a successful educational experience in the MOOC about wastewater treatment
at the higher-education level, with completion rates equal to 23.93%, 36.80%, and 45.41% for the three
latest editions, respectively, which were higher than those of several other indicated studies [9,10].
The course topic helps to promote the sustainability of water uses and the social-responsibility
perception of the wastewater-purifying process. The reasons for its high acceptance and completion
rates were evaluated. The principal obtained conclusions from the work presented in this paper are:

(1) The importance of the establishment of a target audience to whom the course is directed.
As other studies indicated [19,20], prior knowledge is crucial to completing a specific MOOC.
Without prejudice to its open character, graduate and university students who want professional
improvement are the target group.

(2) Students value a course design that promotes autonomous learning combined with social support.

(3) Theuse of social networks as a learning tool is necessary for this type of education. Total impressions
and engagements per day (Table 5) support the relevance of social media in MOOC courses [27].

MOOC:s allow for the high-quality dissemination and transmission of knowledge and the
overcoming of barriers such as the available time or physical location of their students. The limitations
of this study are that the surveys were voluntary (266, 126, and 200 respondents for each edition) and
managed by the platform (Miriadax); thus, only those who had completed the study filled them out
and there is no information on those who did not answer them. Moreover, in the case of the third
edition of this course, circumstances derived from the COVID-19 pandemic could have influenced
analysis. Despite these limitations, this study improves the understanding of these types of courses
and their application in higher education with technical topics.
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