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Abstract: Education is of key importance to achieve the Sustainable Development Goals (SGDs),
particularly now that the COVID-19 pandemic threatens the progress made toward a more inclusive,
peaceful, fair, and prosperous society. In this research study, students of the bachelor’s degree
in Pedagogy receive a specialized training that addresses the SDGs through Information and
Communication Technologies (ICT) referring to computers and digital technologies. In particular,
the training addresses the SDGs through Educational Robotics (ER). The aim of the training course
is twofold: first, to reinforce the students’ Teacher Digital Competence (TDC), defined as teachers’
ICT competence and didactic and methodological skills; and second, to train them in the integration
of SDGs in ER educational projects. This paper presents a case study in which qualitative and
quantitative methods are implemented. The objectives of the study are to investigate the students’
level of TDC and examine their ability to integrate SDGs in ER projects. The research instruments
employed are the COMDID-A questionnaire, a lesson plan template, and a lesson plan evaluation
rubric. Among the most prominent findings, it is shown that the training enabled the students to
work on sustainability in a cross-curricular manner and successfully develop ER projects centered on
different SDGs. These conclusions will encourage teacher education institutions to integrate SDGs in
their curriculum.

Keywords: teacher digital competence; teacher education; higher education

1. Introduction

The COVID-19 pandemic is menacing the future of our society and people’s well-being,
making the accomplishment of the Sustainable Development Goals (SDGs) more challenging than
ever. The pandemic is affecting the achievement of all the SDGs, as they do not seem to be a primary
concern anymore [1], even though they were considered as an urgent call for action before the outbreak
of the pandemic [2]. The pandemic has caused a global economic recession; an increasing number of
people will probably suffer from poverty and inequalities [3]. The pandemic has also affected the field
of education; it is having a negative impact on the learning outcomes and the social and behavioral
development of most of the world’s student population, placing vulnerable and disadvantaged students
at risk of educational exclusion, and widening existing educational inequalities [4]. The educational
inequalities are becoming more and more accentuated, as the developing countries do not have the
means to support students’ education through remote learning, as the developed ones.

In the current literature, technology is seen as a tool to solve challenges provoked by the COVID-19
pandemic in several areas, including education [5]. To restrain the effect of the pandemic to the
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student population and address the increasing educational inequalities, the digitalization of education
should be promoted. The possibilities for digitalization should be maximized to make content,
technological resources, and services accessible to everyone [6]. The possibilities for digitalization
refer both to the technological infrastructure and to the development of people’s digital competences
through appropriate teaching methodologies. The educational institutions should be equipped with
resources to recover the learning lost during the pandemic [7]. It is advisable to provide teachers and
students with home-based equipment, carry out teacher training, develop massive online education,
and support academic research in online education [8]. Apart from the technological infrastructure,
the improvement of the teachers’ digital competence, through professional development, is decisive in
the process of the digitalization of education [9]. Successful distance learning depends on teachers’ and
parents’ computer skills [4]. A higher level of digital competence would enable educators to contribute
to a sustainable digitalization of the field of education and promote inclusiveness, providing equal
opportunities to their students.

The present research investigates Teacher Digital Competence (TDC) in an Educational Robotics
(ER) teacher training course from the point of view of sustainable development, linking TDC to SDG4.
SDG4 points out the importance of ensuring inclusive and equitable quality education and promotes
lifelong learning opportunities for all [2]. The link of TDC to SDG4 and the integration of the SDGs in
education will be further explained in the following two subsections.

1.1. Teacher Digital Competence

The COVID-19 pandemic brought to the surface several technology- and education-related
challenges. The teachers’ job is undergoing tremendous changes [10]: teaching and assessment duties
require the development of a set of competences that are completely different from the traditional
ones, and teachers need to adapt to the new standards and modalities of teaching [11]. The role of
the teacher during the COVID-19 pandemic is of crucial importance, as teachers can contribute to a
sustainable digitalization of the education sector and provide equal opportunities to their students,
addressing SDG4, on inclusiveness and equity of education. However, to achieve that, teachers need
to have a good level of both citizen and teacher digital competences, including knowledge regarding
digital content creation, assessment, data security, privacy, collaborating, sharing, and fixing problems.
In times of crisis, in particular, it is of crucial importance that online educators have both pedagogical
and technical competences [12].

Before the COVID-19 pandemic, the European education systems had been progressively mapping
the necessary competences in terms of what a teacher should know and be able to do, and this effort
has led to the development of teacher competence frameworks [13]. A teacher competence framework
is a collection of statements about what teachers as professionals should know, understand, and be able
to do, and which values and attitudes they should have [13]. EU countries have developed various
teacher competence frameworks through which teachers’ level of digital competence is evaluated. In
the case of Spain, a framework was created for the evaluation of TDC which suggests the evaluation of
teachers’ ICT skills in the following areas [14]: 1. Didactic, curricular, and methodological; 2. Planning,
organization, and management of digital technological spaces and resources; 3. Relational, ethics, and
security; and 4. Personal and professional.

According to [15] (p. 18), “the algorithmic and programming thinking are basic digital competences
for the development of the new world economic order in terms of work, social relations and
sustainability”. Algorithmic and programming thinking are part of the TDC, and teachers should
acquire these skills through teacher education. This is also reflected in the DigComp 2.0 framework [16],
which addresses the current demand for citizens to have a better understanding of programming and
coding. In DigComp 2.0, programming refers to planning and developing a sequence of understandable
instructions for a computing system, a competence that all citizens should acquire. Based on the above,
the present research study reports on an ER teacher training course designed to enable future teachers
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to develop their algorithmic and programming thinking as part of their teacher digital competence,
in relation to the SDGs.

1.2. The SDGs in Higher Education and Teacher Training

The 2030 Agenda for Sustainable Development, adopted by all United Nations Member States in
2015, provides a shared blueprint for peace and prosperity for people and the planet, now and into the
future [2]. The SDGs recognize that ending poverty and other deprivations must comport with strategies
that improve health and education, reduce inequality, and prompt economic growth—while confronting
climate change and protecting the natural habitat [2]. Education is central to the achievement of the
SDGs: there is an exclusive-to-education sustainable goal (SDG4), and, more importantly, education is
linked to all the SDGs in one way or another.

Higher education plays an important role in the achievement of SDGs [17]. Different authors
point out that higher education should educate students in sustainability by addressing the SDGs in
all university programs [18,19]. Apart from the curriculum, [20] supports that sustainability should
become an integral part of higher education policies, and should be reflected in pedagogies, practices,
and activities. The integration of SDGs in higher education teaching is a matter of concern for current
research and is currently being examined in different countries [21,22]. Apart from higher education,
several studies examine the SDGs being integrated in teacher education and initial teacher training.
Initial teacher training in sustainability is of crucial importance, as future teachers will not be able to
provide sustainable development education to their students unless they have themselves the necessary
competences related to sustainability [23]. An increasing number of actions have taken place in initial
teacher training in sustainability over the latest years. In the research of [24], future primary school
teachers were introduced to SDG teaching, in the Didactics of Matter and Energy university course.
In addition, in [23], future teachers participated in a cross-disciplinary workshop on Sustainable Food
by developing a research project on SDG12, (sustainable food consumption). Current research places
educators at the center of SDG research by investigating future primary school teachers’ knowledge of
all SDGs, their implications, and responsibility [25], by evaluating the educational model application
for future educators’ development of sustainable competences [26], and by studying secondary school
teachers’ attitudes toward sustainability [27]. Given the above-mentioned research in teacher education
and initial teacher training, research in this area is growing both in terms of quantity and quality.
This is opposed to the results of the literature review [28] back in 2017, which considered research in
teacher education as small-scale and theoretically weak.

1.3. Technology and Educational Robotics to Address the SDGs

Technology is identified as an important tool for the implementation of SDGs across several
fields, including education and teacher training. Technology can influence many of the important
components of the global system that need to be addressed to achieve the SDGs set in the UNESCO
2030 Agenda [29]. In our study, technology and, more concretely, Educational Robotics (ER), is viewed
as a means to promote the SDGs in the field of education and teacher training. Our study is in line
with the views that ER can have a positive impact on reducing the gender gap in the field of ICT,
support innovations to improve the industry, and help to develop sustainable cities and societies [30].

Even though limited, there is previous research in the field of ER education and ER teacher
training from the perspective of sustainable development [15,30,31]. For instance, students of the
Faculty of Education at the University of Seville, in Spain, were trained in ER and computational
thinking (CT) in order to reduce the gender digital divide, addressing SDG4 [31]. In [30], ER activities
were carried out with students at high risk of Early School Leaving (ESL) in the form of after-school,
extracurricular activities designed to reduce the risks of ESL. Aiming to promote the interest of students
with a high degree of apathy and demotivation, and with difficulties to continue their studies, the
research of [15] made use of Computational Thinking (CT) and ER with students with such profiles.
As there is limited research in ER teacher training from the perspective of sustainable development, we
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decided to implement an ER course addressing SDGs and examine how it reinforces participants’ TDC
and instructs them on the integration of SDGs in education.

2. Methods

This research has a qualitative approach—in particular, it has a case study design. The results of
this explanatory case study may provide insights into other, similar situations and cases, and therefore
assist their interpretation [32]. Both qualitative and quantitative instruments and data analysis methods
are implemented. The research instruments employed are presented in Section 2.4. In the following
subsections, information on the research context, sample, and training content will be provided.

2.1. Context and Sample

The research took place at the department of Pedagogy of the University of Rovira i Virgili, in
the framework of the university course entitled “Design of Educational Resources and Technological
Environments for Training”, during the first semester of the academic year 2019–2020. The course is
designed for third-year students of Pedagogy, and its purpose is to provide students with tools to design
educational resources, collaborative work environments, and virtual teaching-learning environments
and apply them correctly to the teaching process. The graduates of Pedagogy may pursue a career in a
variety of fields; they may work in pedagogical materials design, in the area of special educational
needs, and in non-formal educational institutions. However, the bachelor’s degree in Pedagogy does
not enable them to teach in formal education. Graduates of Pedagogy can also work in the business
field, in the organization and management of innovation projects and training programs, in the training
of trainers, in the management of social services, centers, and public institutions of education, culture,
and social welfare, and in educational administration (inspection, management of educational centers,
quality assessment services or agencies, educational research-innovation centers).

The sample of our study consisted of 21 university students. The average age of the students was
M = 22.14 (SD = 2.65), ranging from 19 to 27 years old. In the sample there were two male students,
and the rest of the students were female. Almost half of the students had some teaching experience in
non-formal educational contexts as extracurricular activities, private classes, support tuition, and leisure
time instruction. Examining our sample closely, six students had previous experience with Educational
Robotics (ER) resources. However, all students reported that they would be interested in learning how
to apply ER resources in educational contexts.

2.2. Training Description

The ER training took place in the second module of the course; the objective of the second module
is to get students familiarized with advanced tools, environments, and strategies. The second module
includes instruction in advanced technology for creating new learning scenarios, collaborative projects
in geolocation, augmented reality, ER, and programming, design, and use of mobile applications.
The ER training consisted of four 4-h sessions which took place from mid-November to mid-December
2019. The aim of the training was twofold: first, to reinforce students’ digital skills by familiarizing them
with different ER resources, programming interfaces, and basic programming concepts; and second,
to enable them to integrate ER resources in educational contexts by exploring the potential of ER
resources as learning tools across disciplines.

In each session, the students were introduced to a new programming or ER resource, and the
training took place in a lab format, rather than a lecture. The first session of the ER training
was a hands-on introduction to basic programming concepts through Scratch visual programming
interface [33]. After the students’ familiarization with Scratch interface and the completion of several
programming tasks of graded difficulty, both individually and in pairs, the potential of programming
for the students’ acquisition of skills as creative thinking, computational thinking, and collaboration
skills was discussed. Teaching methodologies employed in teaching with Scratch, as exploration
and experimentation, project-based learning and learning through storytelling, were presented in
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class together with unplugged, tinkering making, and remixing activities [34]. The second session of
the ER training started by building on the students’ prior knowledge of programming with Scratch,
by setting a series of more advanced programming tasks for the students to complete individually or in
pairs. After completing the advanced Scratch activities, the students were presented to an ER resource,
the Edison robot [35]. The students experimented with the Edison visual programming interfaces and
discovered in groups its functionalities and potential use in the field of education. Throughout this
session, the students completed several activities in groups (e.g., car race, tracking lines, disco party,
maze, etc.). In the third session, the Blue-bot resource [36] was presented to the class; the students had
the chance to experiment with the robotic toy and its functionalities by carrying out tasks in groups
or pairs. They also explored the Blue-bot’s potential use across different areas of the curriculum by
being presented to online educational materials and resources developed by the researchers. To be
more precise, the teacher/researcher provided the students with an example of an interdisciplinary
Blue-bot project; the project aimed at encouraging the scientific-technological vocation, addressing
issues such as stereotypes and the role of women scientists throughout history, promoting gender
equality, and reinforcing children’s digital competences, knowledge of science, problem-solving,
and creative thinking skills. The university students, after having the chance to experiment with
this interdisciplinary project, were instructed on the SDGs and were assigned to create a Blue-bot
interdisciplinary project on SDGs, in groups, for different educational contexts (e.g., informal education,
special needs, etc.). They had to develop an SDGs lesson plan and the accompanying teaching materials
for the following class. The students were given topics related to the SDGs; the first group was asked to
raise the awareness of lower primary school students to poverty and hunger; the second group had to
promote social, financial, and political inclusion in a youth center; the third group had to make students
with special needs aware of marine pollution; the fourth group had to explain to kindergarten pupils the
importance of protecting the fauna; and the fifth group of students had to instruct primary school pupils
on good practices for saving drinking water. The third session was concluded with an expert’s talk on
STEM and STEAM Education, skills, activities, and methodologies. In the fourth session of the ER
training, the groups presented their Blue-bot SDGs projects in class; each group of students explained
the content of their lesson plan and demonstrated the respective teaching materials. The students had
the chance to experiment with the teaching materials created by their fellow students and evaluated
their work by completing an evaluation rubric developed by the researchers. Upon completion of the
presentations and evaluations, the students were introduced to ER and programming applications and
experimented with them. They explored the blocks, created animations, and, finally, discussed with
their fellow students the positive aspects of the applications and their use.

The researchers drew attention to the pedagogical approaches followed in the ER training sessions,
as the training itself could be a model for the students on how to address, as future educators, ER with
their own students. The training activities were designed in accordance with the constructivist learning
approach. The students were immersed in a constructionist learning student-centered environment [37],
meaning that they played an active role in constructing their own knowledge and skills. The teacher
played a guidance role; only when the students faced problems did the teacher help them to find
a solution. In addition, the training was grounded in the idea of “learning by design”, which is
central in the constructivist pedagogy; for instance, the students learned about robotic toys and their
application in educational contexts by designing their own SDGs project. The SDGs project was based
on the ADDIE model, which consists of five phases: analysis, design, development, implementation,
and evaluation [38]. The students analyzed the educational context to which the project was destined,
designed and developed the teaching materials, implemented the project during the presentation class
with the help of their fellow students, and were given time to self-evaluate their work. The ER training
was grounded in a project-based learning approach. This approach encouraged the collaborative
hands-on design of ER interdisciplinary projects and the completion of programming challenges
throughout all four training sessions. To summarize, the training was developed based on the following
principles: (1) To provide students with both technical and pedagogical instruction to enhance their
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digital competence; (2) To enable students to make an interdisciplinary use of ER, across different areas
of studies and different SDGs; (3) To adopt a project-based learning approach, thereby enabling the
students to assume responsibility for their own learning; (4) To encourage an open reflection on the
projects developed and the pedagogical approaches applied in class.

2.3. Research Questions

• RQ1: How do students of Pedagogy at the University of Rovira i Virgili perceive the level of their
TDC upon the ER training completion?

• RQ2: To what extent does a module in ER contribute to the development of students’ abilities to
design educational projects according to the Sustainable Development Goals (SDG)?

2.4. Research Instruments

The following research instruments were employed in the research study: the COMDID-A
questionnaire (see Section 2.4.1), with a template for the students’ lesson plans (see Section 2.4.2),
and an evaluation rubric (see Section 2.4.3). The data collection procedure complied with the
General Data Protection Regulation—EU (GDPR). The students agreed to participate in this research.
To maintain respondents’ anonymity in the COMDID-A questionnaire and ensure data protection,
students’ names were deleted from the database and changed to “student n” identifiers.

2.4.1. COMDID-A Questionnaire

In order to measure the self-perception of TDC among pre-service teachers, COMDID-A was used
after the ER training was completed. The self-evaluation questionnaire of TDC [14] measures teachers’
perceptions of their own TDC, divided into four factors or dimensions extracted from the same study
and based on International and European standards (1. Didactic, curricular, and methodological
aspects; 2. Planning, organization, and management of digital technological resources and spaces;
3. Relational aspects, ethics, and security; 4. Personal and professional aspects). The final version
includes 22 Likert-scale items (1: totally agree; 10: totally disagree), distributed into the 4 mentioned
dimensions. Example of item D3.2: “I promote the access and use of digital technologies by all students
with the intention of compensating for inequalities”. The dimensional structure and internal reliability
of the COMDID-A was measured using CFA and Cronbach’s alpha (α) coefficient [39], respectively.
The goodness of fit of the model was first determined with absolute measures. The total internal
reliability of COMDID-A in our sample is good; α = 0.96. Likewise, the reliability of each of the
dimensions in our sample is good: D1, α = 0.92; D2, α = 0.78; D3, α = 0.84; D4, α = 0.87.

2.4.2. Students’ Lesson Plans—Template

The students created their project lesson plans based on a template provided by the researchers.
The template included the following information: project title, project duration, students’ age,
teaching materials required, learning objectives, interdisciplinary project goals, project description,
project evaluation, and an annex for Appendix A, photos, etc.

2.4.3. Evaluation Rubric

An evaluation rubric with 8 Likert items was used to assess the following aspects of the lesson
plans on a scale of 0 (inadequate) to 3 (very good): sustainable development content, learning objectives,
interdisciplinarity, project description, and teaching material design. In the evaluation rubric there
was one item referring to sustainable development (C1), two items referring to learning objectives
(OA1 and OA2), one referring to interdisciplinarity (I3), three to lesson plan description (DPS1, DPS2,
and DPS3), and one to teaching material design (MD1).
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3. Results

The results are presented in the following Sections 3.1 and 3.2, and answer the first (RQ1) and
second research question (RQ2), respectively.

3.1. Students’ TDC Analysis

Examining students’ perceptions of their TDC, it was observed that after the completion of the ER
training, their TDC was 79.42% (SD = 10.64). This means that the students in our sample consider
themselves as digitally competent. However, D1 (Didactic, curricular, and methodological aspects)
and D2 (2. Planning, organization, and management of digital technological resources and spaces) are
the dimensions in which they are less confident, while in D3 (Relational aspects, ethics, and security)
and D4 (Personal and professional aspects) students seem to be more confident (Table 1).

Table 1. TDC results.

n = 13 D1 D2 D3 D4 Subject TDC Blue-Bot TDC

Mean 75.615 74.000 84.769 83.308 3.385 3.231
Std.

Deviation 13.407 10.739 9.610 8.817 0.506 0.439

Min. 58.000 56.000 66.000 70.000 3.000 3.000
Max. 100.000 94.000 96.000 95.000 4.000 4.000

Furthermore, when students were asked whether the university course and the Blue-bot project
itself had an impact on their TDC, they reported that both the course and the Blue-bot project were
beneficial for the development of their TDC (Subject-TDC = 3.38/4 and Blue-bot-TDC = 3.23/4).

3.2. Sustainable Development Goals in ER Projects

In this section, the evaluation of the Sustainable Development Goals lesson plans developed by
the groups of students of Pedagogy is presented. The lesson plans are summarized in Table 2, while a
more detailed description is provided in Appendix A. In Figures A1–A3, the Blue-bot mats of the
lesson plans are presented.

The students’ lesson plans are evaluated according to the criteria set on the evaluation rubric
(see Section 2.4.3.), using the 360◦ evaluation method to add objectivity and validity to the assessment.
In the 360◦ evaluation method, three different perspectives are taken into consideration: the students’,
the peers’, and the teachers’ perspective. The final score is based on the average of self-evaluation,
peer, and teacher evaluation; however, if there is an important deviation between the 360◦ final score
and the teacher evaluation, the final score needs to be recalculated. To be more precise, if the deviation
surpasses 10% but remains under 20%, the final score derives from the average of the teacher evaluation
and the 360◦ final score. However, if the deviation exceeds 20%, the final score is based only on the
teacher evaluation.

Studying the final evaluation of the lesson plans, it was found that all five groups of students
completed the task successfully, with an average score of 7.85 out of 10 (SD = 1.00). Group 1 obtained
a lower score compared to the other groups (6.18, SD = 0.6). In the case of the evaluation of group
1, the deviation between the 360◦ final score and the teacher evaluation exceeded the index of 10%
rate but remained under 20%; therefore, the final score was recalculated based on the average of the
360◦ final score and the teacher evaluation. Examining more closely the evaluation of the lesson plans,
there are some aspects in which the students did very well and some others that require improvement
(see Table 3). According to the self-evaluation, the groups of students considered that they did very well
in particular in the lesson plan description (DPS1 = 3.00, SD = 0), teaching material design (MD1 = 2.80,
SD = 0.45), and SDG content (C1 = 2.80, SD = 0.45). In the case of the peer evaluation, the evaluation of
the students is still high, though not as high as in the self-evaluation. According to the peer-evaluation,
the weakest aspect of the lesson plan was related to the learning objectives (OA2 = 1.95, SD = 0.93).



Sustainability 2020, 12, 10085 8 of 15

According to the teacher evaluation, the areas that need improvement are the lesson plan description
(DPS1 = 1.96, SD = 0.46) and interdisciplinarity (I = 2.08, SD = 0.30), while the aspect of the lesson
plan that the teachers considered really good is the Teaching Material Design (MD1 = 2.64, SD = 0.33).
Interestingly, if the items’ average is calculated per evaluation perspective, self-evaluation is the highest
(2.75, SD = 0.14) and teacher evaluation is the lowest (2.19, SD = 0.22), while peer evaluation is in the
middle (2.23, SD = 0.14).

Table 2. Summary of the SDGs in Students’ Lesson Plans.

Link to SDGs SDGs in the Lesson Content SDGs in Evaluation Activities

Lesson plan 1 SDG1—End poverty in all its
forms everywhere.

The lesson plan aims at making
primary school pupils aware of

poverty and hunger in
developing countries.

The Blue-bot activity functions
as an evaluation activity of

students’ comprehension and
critical thinking skills regarding

the living standards in
developing countries.

Lesson plan 2 SDG10—Reduce inequality
within and among countries.

This lesson introduces teenagers
to the fundamental human

rights and promotes the
discussion of potential

socio-economic barriers as
gender identity, racism, political

ideology, etc.

The students’ evaluation is
accomplished through an

activity in which the students
watch short videos and identify

situations of inequality.

Lesson plan 3

SDG14—Conserve and
sustainably use the oceans, seas,

and marine resources for
sustainable development.

This lesson raises awareness
among special education

primary school students to
marine pollution.

The students’ performance in
robot programming and

knowledge in marine pollution
is evaluated

through observation.

Lesson plan 5

SDG15—Protect, restore, and
promote the sustainable use of

terrestrial ecosystems,
sustainably manage forests,

combat desertification, halt and
reverse land degradation, and

halt biodiversity loss.

This lesson makes kindergarten
pupils conscious of the

importance of protecting
the forests.

The pupils are evaluated
through a reflection activity on

forest pollution.

Lesson plan 5
SDG6—Ensure the availability

and sustainable management of
water and sanitation for all.

The lesson raises awareness
among primary school pupils on
saving water by implementing a

board game that includes
different challenges related to

water consumption.

The students’ skills and
knowledge are evaluated

through an observation report.

Regarding the evaluation of item C1, that is related to the sustainable development content of the
lesson plans, it was observed that all five lesson plans successfully addressed the SDGs. They were
rated at 8.15 out of 10 (SD = 0.91). In Table 4, the evaluation of the content of the lesson plans
regarding their compliance with the SDGs is presented from the three different evaluation perspectives:
self-evaluation, peer-evaluation, and teacher evaluation. As seen in Table 4, the groups of students
considered that their lesson plans complied with the SDGs’ content. However, group 1 evaluated the
content of the lesson plan with 2 out of 3, meaning that they considered that their lesson plan was
linked to sustainable development, but they should have explained that more clearly. The average of
the self-evaluation scores is 2.80 (SD = 0.45) and the average of peer-evaluation is 2.35 (SD = 0.49),
while the average of teacher evaluation is 2.40 (SD = 0.35), slightly higher than the peer evaluation.
Examining closely the content of the lesson plans and their relation to the SDGs (see Table 4), group 4
received the highest teacher evaluation, which coincided with the self-evaluation; however, group 4
also received the lowest peer evaluation. Interestingly, in the case of group 1, the self-evaluation was
slightly lower than the teacher evaluation. As observed in both tables (Tables 3 and 4), self-evaluation,
peer-evaluation, and teacher evaluation do not always coincide in the evaluation of the sustainable
development content of the lesson plans.
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Table 3. Lesson Plan Evaluation per evaluation perspective.

Evaluation
SDG Content Learning Objectives Interdisciplinarity Lesson Plan Description Teaching Material Design

C1 OA1 OA2 I1 DPS1 DPS2 DPS3 MD1

Self 2.80
(SD = 0.45)

2.60
(SD = 0.55)

2.80
(SD = 0.45)

2.60
(SD = 0.55)

3.00
(SD = 0)

2.80
(SD = 0.45)

2.60
(SD = 0.55)

2.80
(SD = 0.45)

Peer 2.35
(SD = 0.49)

2.35
(SD = 0.38)

1.95
(SD = 0.93)

2.15
(SD = 0.42)

2.35
(SD = 0.29)

2.15
(SD = 0.60)

2.30
(SD = 0.45)

2.25
(SD = 0.59)

Teacher 2.40
(SD = 0.35)

2.20
(SD = 0.37)

2.12
(SD = 0.33)

2.08
(SD = 0.30)

1.96
(SD = 0.46)

2.08
(SD = 0.33)

2.04
(SD = 0.68)

2.64
(SD = 0.33)

Mean 2.52
(SD = 0.25)

2.38
(SD = 0.20)

2.29
(SD = 0.45)

2.28
(SD = 0.28)

2.44
(SD = 0.53)

2.34
(SD = 0.40)

2.31
(SD = 0.28)

2.56
(SD = 0.28)
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Table 4. SDG content evaluation per evaluation perspective.

Self-Evaluation Peer-Evaluation Teacher Evaluation

Group 1 2.00 2.00 (SD = 0.00) 2.20 (SD = 0.45)
Group 2 3.00 3.00 (SD = 0.00) 2.40 (SD = 0.55)
Group 3 3.00 2.50 (SD = 0.58) 2.20 (SD = 0.45)
Group 4 3.00 1.75 (SD = 1.26) 3.00 (SD = 0.00)
Group 5 3.00 2.50 (SD = 1.00) 2.20 (SD = 0.45)
Average 2.80 (SD = 0.45) 2.35 (SD = 0.49) 2.40 (SD = 0.35)

4. Discussion

The COVID-19 pandemic could be an opportunity for transitioning to a more sustainable system
of supply and production [40], for urging the practice of digital sustainability [5], and for promoting a
more sustainable education. This could be the right moment to make reforms in the education system.
Students should develop skills such as problem-solving, critical thinking, and, most importantly,
adaptability to survive any crisis [12]. The pandemic could be an opportunity to improve students’
digital competence and help them to become productive learners and responsible citizens in the virtual
world [41]. However, not only students, but also educators in formal and non-formal education,
should develop their skills together with their digital competence and TDC to facilitate the process of
the digitalization of education.

Based on the above, our research contributes to the transition to a more sustainable education,
as it supports the TDC development of students of Pedagogy through an ER teacher training course
and studies their ability to integrate SDGs in ER projects. Given the fact there is little or no teaching of
programming and robotics in schools in Spain [31], our research attempts to address this deficiency by
providing future educators with training in ER through a course at the University of Rovira i Virgili in
Spain from the perspective of sustainable development.

In this study, we draw the conclusions based on the first research question (RQ1), “How do
students of Pedagogy at the University of Rovira i Virgili perceive the level of their TDC upon the
ER training completion?”. The training provided students of Pedagogy with the chance to practice
their teacher digital skills and to get familiarized with different ER resources, programming interfaces,
and basic programming concepts. After completing the training, future educators’ digital competence
was measured, and it was found that they perceive themselves as digitally competent. In line with our
findings is the research of [42], who found out that future teachers’ TDC improved after attending an
ER intervention as part of a university course. In our research, future educators perceive themselves
as more competent in Dimension 3 of the COMDID-A questionnaire (Relational aspects, ethics,
and security) and Dimension 4 (Personal and professional aspects). Even though our results are
promising, they cannot be generalized, as students’ positive perceptions of their TDC could be due to
other factors, not exclusively related to the course.

Regarding the second research question (RQ2), “To what extent does a module in ER contribute
to the development of students’ abilities to design educational projects according to the Sustainable
Development Goals (SDG)?”, we drew a number of different conclusions. First, upon completion of
the training, students of Pedagogy were able to use ER resources in order to create interdisciplinary
projects for different educational contexts, from the perspective of different SDGs (SDG1,6,10,14,15),
regarding poverty, water consumption, inequalities, marine sources, and the protection of forests.
The training adopted a holistic approach [43], enabling future teachers to work on sustainability in a
cross-curricular manner in their university projects and in their future teaching. Our results are in line
with the results of [23], who found that project-oriented learning supports the development of future
teachers’ competencies in sustainability. In our study, the projects created by the students received
a positive evaluation. The students were able to develop a lesson plan integrating ER with SDGs.
The objectives were clearly set in all lesson plans, while different evaluation methods were chosen by
each group of university students to assess the learning outcomes. The evaluation methods included
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evaluation activities, direct observation, and reflection activities. All lesson plans set indicators for
assessment apart from group 1. The projects created by the future educators received a positive
evaluation by the teachers, peers, and the future educators themselves (see Section 3.2. However,
self-evaluation, peer-evaluation, and teacher evaluation do not always coincide in the evaluation of
the lesson plans. Despite this, we consider that the 360◦ evaluation is very enriching in our context,
as students are encouraged to reflect on their own work and their peers’, practicing in this way
their critical thinking and reasoning skills. Interestingly, self-evaluation tends to be higher than
peer-evaluation and teacher evaluation in most cases. Regarding the evaluation of the sustainable
development content of the lesson plans, students of Pedagogy successfully addressed the SDGs in
their lesson plans (see Section 3.2). In item C1, self-evaluation is higher than both peer-evaluation and
teacher evaluation, except for the case of group 1, whose self-evaluation was slightly lower than the
teacher evaluation.

To further investigate students’ level of TDC after a training course, future research in ER
integration in SDGs should set a pre and post TDC evaluation tool, apart from the self-perception tool
employed in this study. The use of this evaluation tool before and after the training course will observe
whether important changes in students’ TDC occurred throughout the training and will improve the
reliability and generalizability of the results. Further study is also suggested if indeed future educators
perceive themselves as more competent in Dimension 3 (Relational aspects, ethics, and security)
and Dimension 4 (Personal and professional aspects) and investigate why this occurs. Based on the
literature reviewed and on the results of this case study, we believe that SDGs could be integrated in
teaching and learning through Educational Robotics (ER). Given the limited research in the field of ER
education and ER teacher training from the perspective of sustainable development, we recommend
that further research take place in this field, as technology can facilitate the integration of SDGs into the
learning and teaching process. The present study could be further extended by conducting additional
sessions, introducing participants to a wider variety of resources, and asking from the participants
to develop supplementary projects related to SDGs in pairs or individually. Finally, we believe that
future research should contribute to the transition to a more sustainable education. Efforts should be
made to reduce the digital divide and provide students and teachers with the chance to improve their
digital skills and TDC, respectively, addressing SDG4.

Author Contributions: All authors contributed extensively to the work presented in this paper and approved the
final manuscript. V.E.-G., M.U., and D.S. contributed to the study design and methodology. D.S. analyzed and
interpreted data. V.E.-G., M.U., J.-L.L.-C., and D.S. contributed to the design of the data collection instruments
and D.S. wrote the manuscript as part of her PhD thesis, with significant input from the rest of the authors.
V.E.-G., M.U., J.-L.L.-C., and M.G. reviewed, edited, and approved the final manuscript. M.G. was in charge of the
supervision, project administration, and funding acquisition. All authors have read and agreed to the published
version of the manuscript.

Funding: This project has received funding from the European Union’s Horizon 2020 research and innovation
program under the Marie Skłodowska-Curie grant agreement no. 713679. This paper has been possible with the
support of the Universitat Rovira i Virgili (URV) and Banco Santander. This project has also received funding from
Observ@comdid: grant agreement no. RTI2018-096815-B-I00 and ACEDIM: grant agreement no. 2017ARMIF00031.

Conflicts of Interest: The authors declare no conflict of interest.

Appendix A. Lesson Plan Description

Lesson Plan 1: The aim of the first group’s lesson plan is to make primary school pupils aware of
poverty, hunger, and economic differences among countries, related to SDG1. The lesson starts with
an open discussion as a warm-up activity. Then, the element of storytelling is introduced; stories of
children living in developing countries are narrated by the teacher. Based on these stories, the pupils
later guide the Blue-bot robotic toy around the Blue-bot mat (see Figure A1) to the item each child
mostly needs. The activity on the Blue-bot mat functions itself as an evaluation activity of students’
comprehension skills and critical thinking. However, this is not clearly explained in the lesson plan
description, while the activity does not set any evaluation indicators in the lesson plan.
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Lesson Plan 2: The aim of the second group’s lesson plan is to promote the social, economic,
and political inclusion of all peoples, regardless of age, gender, disability, race, ethnicity, origin, religion,
or economic situation, among teenagers in a youth center. This lesson plan is associated with SDG10,
as it clearly sets the following learning objectives: practicing critical thinking skills toward situations
of inequality in society and detecting situations of inequality in all areas (age, sex, disability, ethnicity,
origin, religion, economic situation, etc.). The lesson starts with an introduction to fundamental
human rights. Then, the students use the Blue-bot robotic toy to go through a maze with obstacles
(see Figure A1). When the teenagers encounter an obstacle, they discuss the socio-economic barrier
it represents (gender identity, racism, political ideology, etc.). The lesson continues with a writing
activity; the teenagers write about a relevant situation they have experienced, and the moderator of the
activity reads the stories to the rest of the group without disclosing the writers’ identity. The lesson
concludes with an evaluation activity in which the teenagers watch short videos and identify situations
of inequality. This activity, together with the moderator’s observation reports, contributes to the
students’ evaluation. The evaluation activity is directly linked to the lesson plan’s learning objectives.

Lesson Plan 3: The objective of the third lesson plan is to raise awareness among special education
primary school students about marine pollution, associated with the SDG14. The lesson is designed to
take place as an extracurricular activity, and for this reason the university students planned a card
game and designed a Blue-bot mat, like a board game (see Figure A2). The participants are divided in
two teams. Each team rolls a colorful dice and then programs the robot to move to the nearest square
of the designated dice color. After programming the robot to reach the correct square, the team gets
a card of the designated dice color and answers a question related to marine pollution. The activity
moderator evaluates students’ performance in robot programming and knowledge of marine pollution
through observation.
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Lesson Plan 4: The lesson plan of the fourth group aims at making kindergarten pupils aware of
the importance of protecting the forests, associated with SDG15. This lesson aims at enhancing pupils’
knowledge of the natural environment, developing an understanding of environmental issues, and
forming an environmental ethic of their own to reduce their ecological footprint. The lesson is divided
into three parts. In the first part, the moderator reads a forest-related tale to the pupils using puppets.
The Blue-bot is used in the second part of the lesson in which the students guide the Blue-bot around
the mat (see Figure A2) to collect items that pollute the forest (e.g., glass bottles, cans, etc.). Then,
a reflection activity on the learning process take place. The moderator of the activity evaluates if the
objectives of the lesson were met through an evaluation rubric.

Lesson Plan 5: The lesson plan of the fifth group of university students aims at making 1st-year
primary school pupils aware of the importance of saving water, associated with SDG6. The university
students approach the objectives of the lesson by creating a board game; they use Blue-bot as the game
piece to move around the Blue-bot mat and reach the ending point. (see Figure A3). Depending on
the color of the square, the pupils need to perform a different challenge related to water consumption
(e.g., mime, draw, answer a question etc.) or move a square back. Upon completion of the activity,
an open discussion will follow on eco-friendly habits and the importance of water. The moderator
evaluates the students’ performance and knowledge by completing an observation report for each
pupil assessing their teamwork skills, initiative, interest, motivation, and interdisciplinary knowledge
(e.g., environmental knowledge, language skills, technological skills, etc.).
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