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Abstract: This research is framed in Education for Sustainability, aimed at promoting the inclusion
of the principles and values of Sustainability in education from a holistic perspective. The study
focuses on finding out the concerns and knowledge of secondary school students from Valencia
(Spain), who were surveyed during the academic years 2019–2020, 2020–2021 and 2021–2022 about
Sustainability and Climate Change. Examining their conceptions, initial ideas, possible shortcomings,
and conceptual errors is necessary to build a teaching itinerary with the purpose of adapting and
reorienting educational practice to changing situations and different social contexts. The analysis,
which is part of a broader research project, focuses on studying what secondary school students
know (or rather, what they do not know or are unaware of) about Sustainability and Climate
Change, examining their interests and concerns. Our experimental design is based on a wide-ranging
questionnaire addressed to students that also promotes initial reflections. The results show that
the participating students are concerned about socio-environmental problems, particularly about
Climate Change. Nevertheless, they show a limited knowledge of Sustainability. This situation must
encourage the involvement of the whole educational community to achieve a greater understanding
of the planetary crisis through Education for Sustainability with the final goal of ensuring an effective
involvement of the younger generations who are beginning to make their own decisions.

Keywords: sustainability; climate change; secondary school education; education for sustainability;
misconceptions

1. Introduction

Education is one of the most powerful tools at our disposal to tackle the major prob-
lems that affect the entire planet and its people. Ensuring an educated society that can
understand the reality in a reasoned and critical way will enable informed decision-making
and the capacity to influence policymakers on the major problems that affect humanity [1,2].

From an educational perspective, it is important to understand that socio-environmental
degradation is due not only to global impacts of human activity but is also a product of the
cumulative outcome of multiple small impacts [3]. Therefore, possible measures must entail
the addition of individual actions, as well as profound changes in the global behaviour of our
species. Such individual changes and the need for citizen participation and action must be
promoted through education.

This study is based on an extensive and in-depth research project in the field of
Education for Sustainability (ESD) [4–11]. The aim of this part of the research is to work
with secondary school students, who already play—and will increasingly play in the
future—roles in society that involve participation in informed decision making and have
an impact at the individual level but also at a higher scale. The ultimate aim is to help
articulate teaching interventions to contribute to the development of effective communities
prepared to deal with the serious socio-environmental crisis. Teenagers in secondary
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school are at a point in their lives when they begin to make decisions that they expand
over time. In Secondary Education, it is possible to work with an approach that is very
close to action, to putting into practice, to promote an empowered, reflective and active
citizenry. Detecting what concerns youngsters, what they know and what they need to
know, is essential to design teaching sequences and reorient them to ensure that they are
appropriate and aligned with the transition to Sustainability. Specifically, the aim is to
find out whether secondary school students have basic knowledge about Sustainability
and specifically about Climate Change, what their main shortcomings and needs are and
whether they show interest and motivation towards the topic. The next step would be to
intervene collaboratively with teachers, promoting the inclusion of Sustainability in the
classroom, taking advantage of the numerous opportunities that the curriculum offers. The
evaluation of the results of its implementation allows for reorientation, if necessary, and
encourages further research [12–15].

Considering the planetary emergency we are currently facing, described for decades
by numerous specialists and international organisations [16–20], the efforts demanded are
still insufficient, highlighting the need for quality and transformative education aimed at
the commitment of society as a whole to this urgent challenge.

On 25 September 2015, the United Nations General Assembly—after a process of
more than three years that involved the broad participation of millions of people, educa-
tional and scientific institutions, civic associations, etc., with the support of 193 Member
States—adopted the resolution “Transforming our world: the 2030 Agenda for Sustainable
Development”, a roadmap to implement the Sustainable Development Goals (SDGs) as key
elements of this proposal. The SDGs are a strong and universal call to end poverty, protect
the planet and improve the lives of all people. Education for Sustainable Development
appears explicitly in SDG 4, which aims to ensure quality education for all. Target 4.7 states:
“By 2030, ensure that all learners acquire the knowledge and skills necessary to promote
sustainable development, including through education for sustainable development and
sustainable lifestyles, human rights, gender equality, promotion of a culture of peace and
non-violence, global citizenship and appreciation of cultural diversity and the contribution
of culture to sustainable development” [21]. The interrelation of SDG 4 with the other
goals is crucial, as quality education is a goal in itself, but also a means to achieve the
other SDGs [22].

In response to these international calls, there have been numerous proposals and exam-
ples of good practices that aim to address Sustainability at all levels and in all educational
contexts. These proposals are the result of numerous research projects that, over more than
two decades, have been carried out particularly in science education, both in formal and
non-formal education [23–28], as well as in specific areas of science education [29].

Despite the successive aforementioned claims and the efforts of specialists and ex-
perts who insist on the implementation of a series of complementary and simultaneous
measures (educational, political-normative and technological) for the management of the
serious planetary crisis that challenges us, ESD continues to be a pending subject. Several
studies have tried to identify the difficulties that might be preventing the educational
community from taking committed action to respond to these demands. The difficulties
described in the literature refer to a multi-causal effect. One of the factors repeatedly cited
is the scant attention paid by science education to the planet’s global socio-environmental
problems [30]. This situation is reflected in the contents of textbooks, the perceptions of
teachers and students, and in educational research itself [31–34]. In the current society,
in the context of the socio-environmental crisis that serves as a framework for this work,
scientific and technological literacy remains, more than ever, one of the fundamental and
priority objectives of education.

In the context of the planetary emergency described above, Climate Change is one
of the most serious and urgent problems that we must address. Socio-environmental
problems in general, and Climate Change in particular, have characteristics that make them
particularly complex due to their strong interactions and connections with each other. They
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are cross-cutting in their relationships, with effects that are not always clearly identified
and are sometimes described from apocalyptic positions that distance us from them [35].

Research has highlighted the lack of awareness of this problem, as well as its inade-
quate contextualisation. This has a direct impact on the lack of citizens’ involvement and
the lack of response to the successive international appeals that have been made [36].

Several research studies carried out in recent years have tried to detect and analyse
the knowledge and understanding of trainee teachers, as well as of students at different
educational levels, about socio-environmental imbalances and the process of accelerated
Climate Change [36–48].

How Climate Change is addressed in education is influenced by a series of sponta-
neous or erroneous conceptions that must be tackled, as they can hinder the understanding
of this phenomenon and the involvement in the actions needed to overcome it [49]. This
has been the aim of several research studies carried out in recent years, including those
based on the study and analysis of textbooks [50] and those developed from the Didactics
of Experimental Sciences, a field to which this work belongs [51,52].

In order to facilitate the work of teachers in addressing Climate Change, the Inter-
governmental Panel on Climate Change (IPCC) published a special report in 2018: Global
Warming of 1.5 ◦C—Summary for Teachers [53]. There are also numerous UNESCO doc-
uments and publications that can help to address Climate Change in education, such
as, “Country progress on climate change education, training and public awareness: an
analysis of country submissions under the United Nations Framework Convention on
Climate Change” [54].

Various studies carried out in the European Union indicate significant changes in
public opinion in recent years [55–60]. The younger generations are sensitive to socio-
environmental issues in general and Climate Change in particular and assume that these
imbalances are caused by human behaviour; however, they hold little responsibility for
this situation, placing the main responsibility on public administrations and governments.

While we have increasingly educated and informed generations about the planetary
imbalances we need to address, they are still very reluctant to change lifestyles. They
are willing to undertake concrete actions, such as saving water and energy and separat-
ing waste, but not more profound changes in attitudes and daily habits (reducing the
consumption of goods and services, changes in the food model) [60–65].

In this context, UNESCO has published the results of a survey conducted in May
2020, which aimed to obtain information on the challenges people around the world are
facing and the solutions they consider necessary [66]. Climate Change and biodiversity
loss were by far the biggest challenges, chosen by 67% of respondents (a total of 15,000
participants). In second place, respondents highlighted education as the most important
solution to almost all the challenges raised.

The concern and interest in Sustainability and Climate Change [67] of the younger
generations already, integrated into society in an autonomous and participatory way, as
well as the lack of competences and capacities necessary to align appropriate behaviours in
the context of the current planetary emergency, is a fact repeatedly pointed out in previous
works and research, some of the most recent, as we have already pointed out, coordinated
by UNESCO [66] and by the Spanish Government [68].

Research in the field of Education for Sustainability in Science Education, cited above,
leads us to formulate the following starting hypothesis: “Although there is general inter-
est in Sustainability among secondary school students, its treatment in the classroom is
insufficient and, as a result, there is little training and a lack of commitment on the part of
the students”.

2. Materials and Methods

The research intervention presented here has been carried out in collaboration with
fourteen schools, seven of them public Secondary Education Schools and seven state-
subsidised/private schools located around the city of Valencia (Spain). Schools and teachers
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were chosen through a process of selection by convenience (non-probabilistic and non-
random sampling), considering the ease of access and the availability of teachers and
students to take part in an intervention. This should ensure a commitment to collaborative
work for at least one academic year.

The experimental design proposed is based on a questionnaire that was validated by
researchers in the field of Science Education and Education for Sustainability. Pilot tests
were also carried out, both with secondary school students and with pre-service teachers.

The general objectives of the questionnaire are as follows:

• To find out the specific interests, concerns, and motivations of students.
• To highlight alternative conceptions, ideas, or associations of the students, as a re-

sult of the information they have received on Sustainability and, specifically, on
Climate Change.

• To encourage initial reflection on the problem.

The survey is anonymous, consists of 27 items and is divided into two units. The first
is designed to collect socio-demographic data (age, gender and educational level) and the
second focuses on different aspects related to Sustainability and Climate Change, organised
into seven thematic blocks.

The questionnaire was prepared to be filled in via the Google platform, so that it
could be completed using any electronic device, and the results were received immediately.
It was completed in regular sessions with the teachers who were going to participate in
the subsequent teaching intervention. The questionnaire was thus integrated into the
learning–teaching context of the chosen subject.

Students responded to the survey in Spanish, and all the analyses of the answers were
also carried out in Spanish, translating into English only the information necessary for this
research paper. The complete questionnaire is included in Appendix A. For the analysis of
the responses to each of the items, ad-hoc networks were prepared. All of them contain the
option I Don’t know/No answer (IDK-N/A), where blank, null or unqualifiable answers
are included. Each grid presents the following information:

• The analysis criteria for each item, with different response levels, if applicable;
• The number of students included in each response level (N);
• The percentage of students at each level out of the total sample (%);
• The standard deviation (δ)

In this paper, we focus on a selection of some of the 27 items, based on their relevance
regarding Sustainability and Climate Change issues, with special emphasis on basic scien-
tific issues (items 1–3, 6–8, 12, 18, 19, 25–27). Tables 1–12 provide the networks used for
the analyses.

Table 1. Analysis grid for item 1.

Item 1. What Are the Global Problems That Most Concern You? Why? Explain Your Answer N % (δ)

Level 1: Climate Change is explicitly mentioned

Level 2: Climate Change is indirectly mentioned

Level 3: Climate Change is not mentioned, neither directly nor indirectly

IDK-N/A

Table 2. Analysis grid for item 2.

Item 2. In What Context Have You Heard about Climate Change? N % (δ)

Level 1: education (formal education) is explicitly mentioned

Level 2: education (formal education) is not mentioned

IDK-N/A
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Table 3. Analysis grid for item 3.

Item 3. What Do You Understand by Climate Change? Explain Briefly N % (δ)

Level 1: the four essential aspects on which there is consensus are mentioned: (1) rising temperatures,
(2) caused by the increase of GHGs, (3) anthropogenic origin, (4) the burning of fossil fuels is among
the most important causes

Level 2: at least one of the four aspects considered essential is mentioned

Level 3: none of the four aspects considered essential is mentioned

IDK-N/A

Table 4. Analysis grid for item 6.

Item 6. What Do You Think Are the Main Causes of Climate Change? Explain Your Answer N % (δ)

Level 1: thoughtfully crafted response: at least one anthropogenic cause is mentioned

Level 2: incorrect answer: no anthropogenic causes are mentioned

IDK-N/A

Table 5. Analysis grid for item 7.

Item 7. Among the Possible Causes of Climate Change, Choose the Ones That Have More
Weight from Your Point of View N % (δ)

Level 1: thoughtfully crafted response: between 4 and 7 causes are mentioned

Level 2: approximate response: between 2 and 3 causes are mentioned

Level 3: incomplete response: one or none causes are mentioned

IDK-N/A

Table 6. Analysis grid for item 8.

Item 8. What Do You Understand About the Greenhouse Effect? Explain Briefly N % (δ)

Level 1: the three essential concepts on which there is some consensus are mentioned: (1) natural,
positive process, essential for life on Earth, (2) keep the average temperature constant, (3) thanks to
GHGs

Level 2: at least one of the aspects highlighted as important is mentioned

Level 3: none of the aspects highlighted as important is mentioned, or it is referred to as having a
negative effect on life on Earth/IDK-N/A

Table 7. Analysis grid for item 12.

Item 12. What Measures Should Be Adopted to Help Curb It? Please Explain Your Answer N % (δ)

Level 1: the three types of measures identified by experts (political/economic,
scientific/technological and educational) are directly or indirectly mentioned

Level 2: at least one out of the three types of measures indicated by experts is mentioned

Level 3: none of the measures is mentioned/IDK-N/A
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Table 8. Analysis grid for item 18.

Item 18. What Can You Do? N % (δ)

Level 1: the most frequent response is mentioned: recycle and/or generate less waste

Level 2: the second most frequent response is mentioned: saving energy and/or resources

Level 3: the third most frequent answer is mentioned: changing the food model

Other

IDK-N/A

Table 9. Analysis grid for item 19.

Item 19. From the Following List to What Extent (Not at All, a Lot...) Do You Think They Can
Contribute to Energy Savings? N % (δ)

Level 1: adequate response. The option “I/me” with “a lot” or “quite a lot” is chosen, i.e.
students who refer to what each of us can do

Level 2: any other answer is chosen

IDK-N/A

Table 10. Analysis grid for item 25.

Item 25. What Other Socio-Environmental Problems Are Related to Climate Change, and
How Are They Linked? List and Describe Some Examples of Their Linkages. N % (δ)

Level 1: between 8 and 10 of the problems identified by experts are mentioned

Level 2: between 4 and 7 of the problems identified by experts are mentioned

Level 3: less than 4 of the problems identified by experts are mentioned

IDK-N/A

Table 11. Analysis grid for item 26.

Item 26. Are You Familiar with the 2030 Agenda and the Sustainable Development Goals
(SDGs)? What Can You Tell Us about Them, and How Are They Related to Climate Change? N % (δ)

Level 1: knowledge of the SDGs is demonstrated, mentioning at least how they were adopted, the
number of SDGs, the existence of targets, and they are able to list at least 7–8 issues they address.

Level 2: unaware of the SDGs/IDK-N/A

Table 12. Analysis grid for item 27.

Item 27. Please Indicate Which Topics You Would Like to Learn More About in Relation to
the Problems Humanity Is Facing N % (δ)

Climate Change is mentioned

Measures to be taken to manage socio-environmental problems are mentioned

Environmental degradation and the future of the planet are mentioned

Pollution and waste are mentioned

Poverty and social inequalities are mentioned

Politics and economics are mentioned

Health is mentioned

Others

IDK-N/A
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3. Results and Discussion

This section shows the results of the quantitative and qualitative analysis of the items
selected from the questionnaire completed by the students, opening the discussion on
whether socio-environmental problems in general and Climate Change in particular are
among their concerns. We have also evaluated whether a clear interest in this issue is accom-
panied by sufficient knowledge and training to participate efficiently in the implementation
of the required measures.

The sample consists of 944 students belonging to the fourteen secondary schools above-
mentioned, 471 females and 445 males, most of them in the fourth year of Compulsory
Secondary Education (ESO, in its Spanish acronym) (492) and in the first year of High
School (362), i.e., students aged 15–17. There was a similar number of male and female
participants (Table 13).

Table 13. Characteristics of the student sample.

Dimensions Response Number Percentage

Course

4◦ Compulsory Secondary Education 492 52.1%

1◦ High School 362 38.3%

Other 90 9.5%

Total 944 100.0%

Age

15 379 39.2%

16 363 38.5%

17 77 8.2%

Other 134 14.2%

Total 944 100.0%

Gender

Women 471 49.9%

Men 445 47.1%

IDK-N/A 28 3.0%

Total 944 100.0%

A total of 40 teachers from the different schools involved, from various teaching
departments, have also collaborated in the project. Further work is being carried out with
them in relation to the implementation of educational interventions for the attention to
Sustainability and Climate Change.

Some of the results of the selected items (1–3, 6–8, 12, 18, 19, 25–27) are shown below.
Regarding Item 1, Climate Change is among the concerns and interests of almost 70%

of the students surveyed (Table 14), converging with the hypothesis formulated. Two thirds
of the respondents mention Climate Change explicitly or implicitly, results in line with
other studies carried out with adolescents [58,69,70].

Table 14. Students mentioning Climate Change as a global concern.

Item 1. What Are the Global Problems That Most Concern You? Why? Explain Your Answer N = 944 % (δ)

Level 1: Climate Change is explicitly mentioned 541 54.1 (0.2)

Level 2: Climate Change is indirectly mentioned 122 12.9 (0.1)

Level 3: Climate Change is not mentioned, neither directly nor indirectly 261 27.6 (0.2)

IDK-N/A 50 5.3 (0.1)
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Examples of some responses are shown, where other concerns mentioned can be
observed; some include the reasons for their concern.

Examples of Level 1 responses:

“Climate change, in general, with all that it entails. That is, climate change should
concern us because there is now extreme global warming, with an impressive loss of
biodiversity and a lot of natural disasters”.

“Climate change because it is what affects our planet and without our planet we
cannot live”.

Examples of Level 2 responses:

“Heat waves and forest fires”.

“I am worried about people not recycling and over-consuming and because of this the
world will end badly, the sea level will rise excessively, and big cities will disappear. . . ”

Almost 90% of students report having worked on content related to Climate Change
in the educational sphere (Table 15). This fact should translate into knowledge and compe-
tences converging with this treatment. To find out whether this is indeed the case, we need
to continue analysing the rest of the items.

Table 15. Context in which participating students have heard of Climate Change.

Item 2. In What Context Have You Heard about Climate Change? N = 944 % (δ)

Level 1: education (formal education) is explicitly mentioned 829 87.8 (0.3)

Level 2: education (formal education) is not mentioned 115 12.2 (0.1)

IDK-N/A 0 -

None of the surveyed students answered adequately, showing insufficient knowledge
of Climate Change, and 1/3 (357 students) answered incompletely (Table 16). This is
consistent with other studies and research [71,72]. These results are convergent with
the second part of the hypothesis, which suggests that the students lack the necessary
knowledge of Sustainability and Climate Change. The students’ assessments are in general
quite incidental, which hinders them from properly involving with the necessary actions.

Table 16. Students’ ideas on Climate Change.

Item 3. What Do You Understand by Climate Change? Explain Briefly N = 944 % (δ)

Level 1: the four essential aspects on which there is consensus are mentioned:
(1) rising temperatures, (2) caused by the increase of GHGs, (3) anthropogenic
origin, (4) the burning of fossil fuels is among the most important causes

0 -

Level 2: at least one of the four aspects considered essential is mentioned 357 37.8 (0.2)

Level 3: none of the four aspects considered essential is mentioned 551 58.4 (0.2)

IDK-N/A 36 3.8 (0.06)

Examples of Level 2 responses:

“The global rise in temperature caused by human action”.

“That the planet is changing e.g. it is getting warmer, it is raining less, the climate is
constantly changing, animals are dying, places are flooding, etc...”.

Most of the students mentioned in their answers causes of anthropogenic origin (Table 17).
It is noteworthy that a large majority of the students, when referring to these causes, mention
pollution and waste management, converging with other studies’ results [73].
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Table 17. Causes of Climate Change reported by students.

Item 6. What Do You Think Are the Main Causes of Climate Change? Explain Your Answer N = 944 % (δ)

Level 1: Thoughtfully crafted response: at least one anthropogenic cause is mentioned 760 80.5 (0.3)

Level 2: Incorrect answer: no anthropogenic causes are mentioned. 184 19.5 (0.1)

IDK-N/A

A very frequent error is detected among students, namely the identification of CO2
as a pollutant gas. In fact, some authors insist on the need to avoid linking CO2 with air
pollution as it may perpetuate the failure to differentiate between “the residence time of
common air pollution (which they dramatically overestimated) and carbon dioxide (which
they dramatically underestimated). Such a belief in a short residence time could lead people
to the false conclusion that if and when the effects of climate change ever get serious, those
effects could be reversed in just a few decades or less by reducing emissions of CO2” [74].

Examples of Level 1 responses:

“Pollution, forest fires and excessive use of oil.”

“Polluting transport, buildings in need of energy retrofitting, industry as a cause of
climate change, excessive waste generation, agriculture and livestock: unsustainable food
system, energy waste, deforestation, excessive use of raw materials”

Examples of Level 2 responses:

“That we humans do not take care of the planet”.

“The irresponsibility of humans”.

The answers show that more than half of the students do not relate certain problems
to the causes of accelerated Climate Change (Table 18). They are also unaware of the
interrelationships between the different causes and lack a holistic view of the current socio-
environmental crisis. This is related to the second part of the hypothesis and validates the
idea that their knowledge is insufficient to understand and adequately address Climate
Change, as pointed out by Lee et al. in 2020 [75].

Table 18. Weight assigned by students to the causes of Climate Change.

Item 7. Among the Possible Causes of Climate Change, Choose the Ones that Have More
Weight from Your Point of View N = 944 % (δ)

Level 1: thoughtfully crafted response: between 4 and 7 causes are mentioned 246 26.1 (0.2)

Level 2: approximate response: between 2 and 3 causes are mentioned 569 60.3 (0.2)

Level 3: incomplete response: one or no causes are mentioned 129 13.7 (0.1)

IDK-N/A 0 -

Regarding the greenhouse effect (item 8), very few answers to this open-ended ques-
tion (barely 2%) show adequate knowledge of its characteristics and can therefore be
classified as correct (Table 19). More than 50% of the students were unaware of what the
greenhouse effect is or even indicated it as something negative and not as essential. It is
worth noting that one of the hard-to-understand aspects is that the greenhouse effect is a
process without which life would not be possible on our planet as we know it, but that it is
being enhanced by human activities. As research shows, understanding Climate Change,
its impacts and mitigation options requires that all citizens have a basic understanding of
the atmospheric greenhouse effect process [76].
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Table 19. Students’ ideas on the greenhouse effect.

Item 8. What Do You Understand About the Greenhouse Effect? Explain Briefly N = 944 % (δ)

Level 1: the three essential concepts on which there is some consensus are mentioned: (1) natural, positive
process, essential for life on Earth, (2) keep the average temperature constant, (3) thanks to GHGs 21 2.2 (0.05)

Level 2: at least one of the aspects highlighted as important is mentioned 335 35.5 (0.2)

Level 3: none of the aspects highlighted as important is mentioned, or it is referred to as having a
negative effect on life on Earth—IDK-N/A

588 62.3 (0.3)

Focusing on item 12, the answers were classified as political/economic,
scientific/technological or educational (Table 20). Almost 90% of the students identified at
least one measure that could be considered to curb Climate Change. Any measure men-
tioned, no matter how simple it may seem, was considered. Those of an educational nature
stand out, suggested by 652 students. Research suggests that education and science literacy
are most closely related to student awareness of Climate Change and its impacts [72].

Table 20. Climate Change actions identified by students.

Item 12. What Measures Should Be Adopted to Help Curb It? Please Explain Your Answer N = 944 % (δ)

Level 1: the three types of measures identified by experts (political/economic,
scientific/technological and educational) are directly or indirectly mentioned 6 0.6 (0.03)

Level 2: at least one out of the three types of measures indicated by experts is mentioned 823 87.2 (0.3)

Level 3: none of the measures is mentioned—IDK-N/A 115 12.2 (0.1)

Examples of Level 2 responses:

“We could use less personal vehicles that use less fuel, use less plastic and more recycled
materials, not eat meat or reduce consumption in order to reduce greenhouse gases.”

“One of the most important steps is to switch from petrol to electric cars. Another habit
that will help to stop it is not to consume meat, as its production is harmful to our planet.
We should also be aware of recycling, not consuming so much and reusing.”

Item 18 (Table 21) refers more specifically to the measures we can take to properly
manage the climate crisis, both as a collective and as individuals.

Table 21. Measures that students identify as those that they can implement on an individual basis.

Item 18. What Can You Do? N = 944 % (δ)

Level 1: the most frequent response is mentioned: recycle and/or generate less waste 565 59.9 (2.1)

Level 2: the second most frequent response is mentioned: saving energy and/or resources 426 45.1 (2.2)

Level 3: the third most frequent answer is mentioned: changing the food model 94 10.0 (1.5)

Other 91 9.6 (1.3)

IDK-N/A 198 21.0 (1.7)

The most frequent answers refer to waste management and the energy model.
On the other hand, 20% of students are not able to identify which actions can be

adopted to mitigate Climate Change nor the weight they have in a comparative scenario.
This is in line with the conclusions of previous items and converges with the second part of
the hypothesis, confirming a lack of the necessary knowledge to implement measures to
effectively face the planetary emergency.

The aim of item 19 is to analyse the extent to which students feel involved in imple-
menting measures that contribute to overcoming the global emergency situation. This
guides the whole questionnaire, focusing on energy issues.
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Accordingly, 576 students answered that, as individuals, they can do a lot or a fair
amount to contribute to energy saving, one of the main actions that contribute to mitigating
global warming (Table 22). It is possible to conclude that they feel generally involved in
this issue, which converges with the hypothesis formulated.

Table 22. Degree of individual commitment expressed by students to the socio-environmental crisis.

Item 19. From the Following List, to What Extent (Not at All, a Lot...) Do You Think We Can
Contribute to Energy Savings? N = 944 % (δ)

Level 1: adequate response. The option “I/me” with “a lot” or “quite a lot” is chosen,
i.e. students who refer to what each of us can do 576 61.0 (0.2)

Level 2: any other answers is chosen 368 39.0 (0.2)

IDK-N/A 0 -

The aim of item 25 is to analyse the extent to which students are able to refer to all the
problems that contribute to the socio-environmental crisis. It also aims to bring out their
ability to relate these problems to each other.

For the analysis, we have drawn on converging studies in the field of ESD on the
problems we must face in order to move towards a sustainable present and future, adapted
for this research [28]. Among others, the following have been selected as relevant: (1) in-
creasing urbanisation, (2) environmental pollution, (3) increase in the greenhouse effect and
Climate Change, (4) depletion and destruction of resources, (5) degradation of ecosystems,
(6) destruction of cultural diversity, (7) over-consumption, (8) population growth, (9) social
imbalances and inequalities, (10) conflicts and violence.

From their responses, we can conclude that students know few of these serious
problems and that they are not able to relate them to each other (Table 23). Therefore, and
coinciding with the results of numerous studies cited above, we can point out that they
lack a global, holistic vision of the global emergency scenario, which confirms the difficulty
of their involvement in the adoption of measures that contribute to the transition towards
more sustainable societies [32,64,75].

Table 23. Socio-environmental problems that students are able to mention and relate to one another.

Item 25. What Other Socio-Environmental Problems Are Related to Climate Change and
How Are They Linked? List and Describe Some Examples of Their Linkages. N = 944 % (δ)

Level 1: between 8 and 10 of the problems identified by experts are mentioned 0 -

Level 2: between 4 and 7 of the problems identified by experts are mentioned 7 0.7 (0.03)

Level 3: less than 4 of the problems identified by experts are mentioned 381 40.4 (0.2)

IDK-N/A 556 58.9 (0.2)

Item 26 was included in the questionnaire because of its relevance from the point
of view of its universal nature and the global vision to which it contributes, showing
links between SDG 13, for example, related to Climate Change, with SDG 12 (responsible
consumption) and SDG 7 (sustainable energy), etc. It is very significant that, according to
their responses, almost 100% of the participating students are generally unaware of the
SDGs and their importance, despite the attention that is being paid to them from different
educational and political spheres [77]. This indicates that the attention given to them is still
insufficient and has not managed to attract their attention (Table 24).
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Table 24. Knowledge of participating students of the SDGs.

Item 26. Are You Familiar with the 2030 Agenda and the Sustainable Development Goals
(SDGs)? What Can You Tell Us About Them, and How Are They Related to Climate Change? N = 944 % (δ)

Level 1: knowledge of the SDGs is demonstrated when mentioning at least how they were
adopted, the number of SDGs, the existence of targets, and they are able to list at least 7–8 issues
they address.

4 0.4 (0.02)

Level 2: unaware of the SDGs/IDK-N/A 940 99.6 (0.3)

This question, after the reflection on global problems and Climate Change, aims to
find out their interest in other possible topics related to those that have appeared (item 27).
The pupils pointed out scattered problems which they do not seem to relate to one another
(Table 25). Specifically, 384 students did not know or did not answer this question, which
seems to contradict the interest in the subject that they reported in other items, also due to
the attention given to this issue in the school context that they state exists.

Table 25. Topics in which the participating students would be interested in going into more depth.

Item 27. Please Indicate Which Topics You Would Like to Learn More About in Relation to
the Problems Humanity Is Facing N = 944 %

Climate Change is mentioned 135 14.3

Measures to be taken to manage socio-environmental problems are mentioned 116 12.3

Environmental degradation and the future of the planet are mentioned 74 7.8

Pollution and waste are mentioned 76 8.1

Poverty and social inequalities are mentioned 103 10.9

Politics and economics are mentioned 48 5.1

Health is mentioned 32 3.4

Others 92 9.7

IDK-N/A 384 40.7

4. Conclusions

The transition to Sustainability, with the adoption of the required measures to tackle the
serious global problems, such as Climate Change, is one of the most important challenges
for current and future societies. Although this has been addressed for a long time at
different educational levels, the worsening of the situation requires urgent and greater
impulse and involvement of all the actors. To contribute to this challenge, this study
proposes, as a starting point for the involvement of teachers and students, to carry out an
analysis of students’ interests and motivations, evaluating their knowledge of Sustainability
and, in particular, of Climate Change. The aim is to provide an initial reflection that will
enable the subsequent implementation—with the involvement of their teachers—of the
necessary teaching interventions in Secondary Education classrooms. A questionnaire was
drawn up for the participating students to find out whether their concerns and interests
include Sustainability in general and Climate Change in particular. In addition, the aim
was to find out whether they have the required competences in this area to enable them to
make conscious decisions and to engage and commit to the serious socio-environmental
situation described consistently in numerous scientific studies.

The analysis of the results derived from this experimental design, in which 944 sec-
ondary school students participated, led to the following general conclusions.

• 67.0% of the students surveyed include Climate Change among their concerns. This is
mentioned explicitly or implicitly through its causes and/or consequences.

• 87.8% of the students report having approached the topic of Climate Change in the
school context.
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• This approach should be reflected in convergent knowledge, something that is not con-
firmed by the questionnaire. Knowledge of Climate Change and the global situation
in which it is contextualised is minimal, unconnected and reductionist.

• In line with the previous point, none of the respondents show an adequate idea of
what Climate Change is, neglecting some of its most important aspects (increase
in temperature caused by the increase in GHGs, anthropogenic causes with special
emphasis on the burning of fossil fuels, etc.). Only 37.8% gave an approximate
response, mentioning some of the key related concepts.

• More than half of the students (62.3%) do not know what the greenhouse effect is.
There is a general perception of it as a negative effect and not essential, ignoring the fact
that the problem is its intensification because of human activity. This misconception
could have effects in the adoption of appropriate measures to tackle Climate Change.

• Only one third of the respondents can list causes and consequences of Climate Change.
Additionally, they are not able to relate certain processes to the origin of the climate
crisis and its effects. When it comes to the measures or actions needed to combat and
mitigate Climate Change, they do not have a global and holistic view of Sustainability
and in particular of the climate problem.

• When asked about the measures needed to combat Climate Change, only 1% of
participants are able to identify the three main types of measures needed, set out by
the experts: political-economic, technological and educational.

• When asked about the responsibility of each person to participate in the necessary
measures, 61% of the students answer that, as individuals, they can do a lot or quite a
lot to contribute to e.g. energy saving because energy consumption is one of the main
causes of global warming.

• It is possible to conclude that despite the shortcomings detected, students generally
feel involved in this issue, which is an important first step towards a determined and
constant commitment of society.

In summary, the results show a limited knowledge in Sustainability and Climate
Change among the participating students, the coexistence of different and sometimes incon-
gruent conceptions of Sustainability, deficiencies in the inclusion of the social dimension
and a holistic approach and reductionism and disconnection of the different problems that
make up the complex reality of the socio-environmental crisis addressed in this work.

However, the results also show that the participating secondary school students show
interest in Sustainability and Climate Change, are concerned and, at the same time, show
an encouraging involvement in the implementation of measures at an individual level.
This should contribute to overcoming the weaknesses detected in their knowledge of the
problem and of the required measures to be adopted by addressing them in depth with the
involvement of the teachers, through interventions designed for this purpose within the
framework of Education for Sustainability. An ESD that helps to increase understanding of
the planetary crisis as an essential step towards the effective involvement of the younger
generations who are beginning to make their own decisions.

Successive calls from experts emphasise the need to make people understand the
importance of the individual actions of many millions of people, which have a decisive
impact on the evolution of this crisis. It is common to transfer the responsibility to external
factors, politicians, companies, etc. However, the correct individual decision-making is of
key importance in the face of global problems, and it is therefore necessary to identify, on
the basis of an adequate knowledge of reality, what each individual can do.
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Appendix A. Questionnaire

1. What are the global problems that most concern you? Why? Explain your answer.
2. In what context have you heard about Climate Change?
3. What do you understand by Climate Change? Explain briefly.
4. Which of the following statements do you agree with the most?

a. Current Climate Change exists, but it is part of the natural cycles of our planet.
Humans have no influence.

b. Current accelerated Climate Change is real, it is happening and we humans are
causing it.

c. No Climate Change is currently occurring.
d. I have not heard of Climate Change. I don’t know what you mean.
e. Other (make the statement that you think best answers the question)

5. What degree of scientific consensus (agreement) do you think there is on the existence
of current, global, human-caused Climate Change?

a. There is no consensus; it is still under discussion.
b. There is a certain consensus, but not a majority. There continue to be many

scientists who doubt.
c. Consensus is high. Scientists agree.
d. Other (elaborate the statement that you think best answers the question)

6. What do you think are the main causes of Climate Change? Explain your answer.
7. Among the possible causes of Climate Change, choose the ones that have more weight

from your point of view.
8. What do you understand by greenhouse effect? Explain briefly.
9. What consequences do you think Climate Change may have on a general level? (Tick

all the options that you think are effects of Climate Change)

a. The number of deserts in the world will increase.
b. Sea levels will rise.
c. The ice at the poles will melt.
d. Ocean circulation could change or be disrupted.
e. Invasive species will increase.
f. Many corals will die.
g. Tropical diseases will become more prevalent in other parts of the world.
h. Biodiversity will be affected.
i. Extreme weather events will increase.
j. Nothing will change.
k. It will lead to an increase in migration.
l. It will increase poverty and imbalances between human groups.
m. Other.

10. On the impact of Climate Change, will it affect only some areas of the planet?

a. Yes, particularly the North Pole and the South Pole.
b. No, it will affect the whole planet but with different intensity depending on

the area.
c. No, it will affect all places equally.
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d. Other.

11. What consequences do you think Climate Change could have for the Valencian
Community? Mark all the options you consider appropriate.

a. It will not affect it
b. Sea level rise.
c. Tourism will decrease.
d. Problems with agriculture.
e. Rainfall and drought patterns will change.
f. Other.

12. What measures should be adopted to help curb it? Please explain your answer.
13. Do you know of any proposals at the international level to combat Climate Change?

Describe it/them.
14. Do you think that using renewable energies would reduce the effects of Climate

Change? Give reasons for your answer.
15. Tick all the options from the list below that you think are renewable energy sources: So-

lar, Nuclear, Hydroelectric, Wind, Natural Gas, Biomass, Coal, Geothermal, Biomass,
Tidal, Oil.

16. Please, indicate to what extent the following actions contribute to reducing Cli-
mate Change:

a. Do not travel by plane.
b. Eat less meat.
c. Hire electricity from renewable sources.
d. Self-consumption: solar panels.
e. Ride public transport (bus/train).
f. Separate and recycle.
g. Energy-efficient appliances.
h. Drink tap water.
i. Other.

17. What do you think can be done at the school and academic level to reduce the impact
of Climate Change and mitigate its effects?

18. What can you do?
19. From the following list, to what extent (not at all, a lot...) do you think they can

contribute to energy savings?

a. Politicians and policies.
b. Industries and factories.
c. Shops and businesses.
d. Older people.
e. People like me.
f. Others.

20. Rank the following statements according to your degree of agreement:

a. Protecting the environment is necessary, even if it means less economic growth.
b. Priority should be given to economic growth, even if it means some deterioration

of the environment and social cohesion.
c. Even if a company is polluting, maintaining jobs is the most important thing.
d. In times of economic crisis, environmental and social cohesion policies are as

much a priority as education, health or employment.
e. Technological progress will solve all environmental problems without us having

to reduce our standard of living too much.
f. We must reduce our current standard of living if we want our descendants to

have similar environmental conditions to our own.
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21. Have you ever received/participated in (tick as many options as you consider appropriate):

a. A class on global warming or Climate Change.
b. A course on global warming or Climate Change.
c. A workshop on global warming or Climate Change.
d. An environmental NGO.
e. A protest against global warming or Climate Change.
f. None.

22. Are you familiar with the FridaysForFuture movement?

If yes, please explain briefly what it is and what you think about it.

23. Would you be willing to get involved in this movement? Please give reasons for
your answer.

24. What other movements or initiatives do you know of in relation to Climate Change?
25. What other socio-environmental problems are related to Climate Change, and how

are they linked? List some examples and describe their linkages.
26. Are you familiar with the 2030 Agenda and the Sustainable Development Goals

(SDGs)? What can you tell us about them, and how are they related to Climate Change?
27. Please indicate which topics you would like to learn more about in relation to the

problems humanity is facing.

References
1. Delors, J. Learning, the Treasure Within: Report to UNESCO of the International Commission on Education for the Twenty-First Century;

UNESCO: Paris, France, 1996.
2. Gil-Pérez, D.; Macedo, B.; Martínez Torregrosa, J.; Sifredo, C.; Valdés, P.; Vilches, A. ¿Cómo Promover el Interés por la Cultura Científica?

Una Propuesta Didáctica Fundamentada para la Educación Científica de Jóvenes de 15 a 18 Años; UNESCO: Paris, France, 2005.
3. Wynes, S.; Nicholas, K.A. The climate mitigation gap: Education and government recommendations miss the most effective

individual actions. Environ. Res. Lett. 2017, 12, 074024. [CrossRef]
4. UNESCO. Environmental Education: A pillar of sustainable development. Prospects 2003, 127, 263–337. Available online:

https://unesdoc.unesco.org/ark:/48223/pf0000132190_spa (accessed on 8 September 2023).
5. UNESCO. Education for Sustainable Development. United Nations Decade (2005–2014); UNESCO: Paris, France, 2005.
6. UNESCO. Roadmap for Implementing the Global Action Programme on Education for Sustainable Development; UNESCO: Paris, France,

2004; Available online: http://unesdoc.unesco.org/images/0023/002305/230514e.pdf. (accessed on 8 September 2023).
7. Marques, P.M.; Foggiatto, R.M.C.; Sauer, E. Experimentação investigativa no ensino de química em um enfoque CTS a partir de

um tema sociocientífico no ensino médio. Rev. Electr. Enseñanza Cienc. 2018, 17, 602–625.
8. Tilbury, D. Higher education for sustainability: A global overview of commitment and progress. In Higher Education in the

World 4. Higher Education’s Commitment to Sustainability: From Understanding to Action; Global University Network for Innovation:
Barcelona, Spain, 2012; pp. 18–28.

9. Aznar, P.; Calero, M.; Martínez-Agut, M.P.; Mayoral, O.; Ull, À.; Vázquez-Verdera, V.; Vilches, A. Training Secondary Education
Teachers through the Prism of Sustainability: The Case of the Universitat de València. Sustainability 2018, 10, 4170. [CrossRef]

10. Leal Filho, W. The United Nations decade of education for sustainable development: Lessons learnt and needs to be met. Int. J.
Sustain. High. Educ. 2014, 15.

11. Huckle, J.; Wals, A.E. The UN Decade of Education for Sustainable Development: Business as usual in the end. Environ. Educ. Res.
2015, 21, 491–505. [CrossRef]

12. Cronin-Jones, L.L. Science teaching beliefs and their influence on curriculum implementation: Two case studies. J. Res. Sci. Teach.
1991, 38, 235–250. [CrossRef]

13. Anderson, R.D.; Helms, J.V. The Ideal of Standards and the reality of Schools: Needed Research. J. Res. Sci. Teach. 2001, 38, 3–16. [CrossRef]
14. Russell, T.; Martin, A.K. Learning to Teach Science. In Handbook of Research on Science Education; Abell, S.K., Lederman, N.G., Eds.;

Routledge: London, UK, 2007; pp. 1151–1178.
15. Vilches, A.; Gil-Pérez, D. Investigación e innovación en la Enseñanza de las Ciencias. Necesidad de una mayor vinculación. Rev.

TED Tecné Epistem. Didaxis 2013, 34, 15–27. [CrossRef]
16. Bybee, R. Planet Earth in Crisis: How Should Science Educators Respond? Am. Biol. Teach. 1991, 53, 146–153. [CrossRef]
17. ONU. Agenda 21 Rio Declaration, Forest Principles. In Proceedings of the United Nations Conference on Environment and

Development, Rio de Janeiro, Brazil, 3–14 June 1992; UNESCO: Paris, France.
18. Hicks, D.; Holden, C. Exploring the future: A missing dimension in environmental education. Environ. Educ. Res. 1995, 1, 185–193.

[CrossRef]
19. Orr, D. Educating for the Environment. Higher education’s Challenge of the Next Century. Change 1995, 27, 43–46. [CrossRef]
20. Mayor Zaragoza, F. Un Mundo Nuevo; Círculo de lectores; UNESCO: Paris, France, 2000.

https://doi.org/10.1088/1748-9326/aa7541
https://unesdoc.unesco.org/ark:/48223/pf0000132190_spa
http://unesdoc.unesco.org/images/0023/002305/230514e.pdf.
https://doi.org/10.3390/su10114170
https://doi.org/10.1080/13504622.2015.1011084
https://doi.org/10.1002/tea.3660280305
https://doi.org/10.1002/1098-2736(200101)38:1%3C3::AID-TEA2%3E3.0.CO;2-V
https://doi.org/10.17227/01213814.34ted15.27
https://doi.org/10.2307/4449248
https://doi.org/10.1080/1350462950010205
https://doi.org/10.1080/00091383.1995.10544663


Climate 2024, 12, 17 17 of 18

21. ONU. Transformar Nuestro Mundo: La Agenda 2030 para el Desarrollo Sostenible. 2015. Available online: http://www.un.org/
ga/search/view_doc.asp?symbol=A/70/L.1&Lang=S (accessed on 8 September 2023).

22. Leal Filho, W.; Manolas, E.; Pace, P. The future we want: Key issues on sustainable development in higher education after Rio and
the UN decade of education for sustainable development. Int. J. Sustain. High. Educ. 2015, 16, 112–129. [CrossRef]

23. Calero, M.; Vilches, A.; Gil-Pérez, D. Necesidad de la transición a la sostenibilidad: Papel de los medios de comunicación en la
formación ciudadana. Didáctica Cienc. Exp. Soc. 2013, 27, 235–254. [CrossRef]

24. Vilches, A.; Segarra, A.; Redondo, L.; López, J.; Gil-Pérez, D.; Ferreira, C.; Calero, M. Respuesta educativa a la situación de
emergencia planetaria. Necesidad de planteamientos y acciones globales. Investig. Esc. 2007, 63, 5–16.

25. Sancho, J.; Vilches, A.; Gil-Pérez, D. Los documentales científicos como instrumentos de educación para la sostenibilidad. Rev.
Eureka Enseñanza Divulg. Cienc. 2010, 7, 667–681. [CrossRef]

26. Filho, W.L.; Wu, Y.C.J.; Brandli, L.L.; Avila, L.V.; Azeiteiro, U.M.; Caeiro, S.; Madruga, L.R.D.R.G. ; Madruga, L.R.D.R.G.
Identifying and overcoming obstacles to the implementation of sustainable development at universities. J. Integr. Environ. Sci.
2017, 14, 93–108. [CrossRef]

27. Mickelsson, M. “I think it works better if we have an example to help us”: Experiences in collaboratively conceptualizing the
scaling of education for sustainable development practices in South Africa. Environ. Educ. Res. 2020, 26, 341–358. [CrossRef]

28. Redondo, L.; Vilches, A.; Gil-Pérez, D. Los museos etnológicos como instrumentos de formación ciudadana para la sostenibilidad.
Enseñanza Cienc. 2021, 39, 117–135.

29. Mascarell, L.; Vilches, A. Química Verde y Sostenibilidad en la Educación en Ciencias en Secundaria. Enseñanza Cienc. 2016,
34, 25–42. [CrossRef]

30. Jiménez-Fontana, R.; García-González, E. Visibilidad de la Educación Ambiental y la Educación para la Sostenibilidad en las
publicaciones españolas sobre educación científica. Rev. Eureka Enseñanza Divulg. Cienc. 2017, 14, 271–286. [CrossRef]

31. Edwards, M.; Gil-Pérez, D.; Vilches, A.; Praia, J. La atención a la situación del mundo en la educación científica. Enseñanza Cienc.
2004, 22, 47–63. [CrossRef]

32. Walshe, N. Understanding students’ conceptions of sustainability. Environ. Educ. Res. 2008, 14, 537–558. [CrossRef]
33. Jaén, M.; Barbudo, P. Evolución de las percepciones medioambientales de los alumnos de Educación Secundaria en un curso

académico. Rev. Eureka Sobre Enseñanza Divulg. Cienc. 2010, 7, 247–259. [CrossRef]
34. Stafford-Smith, M.; Griggs, D.; Gaffney, O.; Ullah, F.; Reyers, B.; Kanie, N.; Stigson, B.; Shrivastava, P.; Leach, M.; O’Connell, D.

Integration: The key to implementing the Sustainable Development Goals. Sustain. Sci. 2017, 12, 911–919. [CrossRef] [PubMed]
35. Valladares, F.; Magro, S.; Martin-Fores, I. Anthropocene, the challenge for Homo sapiens to set its own limits. Cuad. Investig. Geogr.

2019, 45, 33–59. [CrossRef]
36. UNESCO. Education for Sustainable Development Goals. Learning Objectives; UNESCO: Paris, France, 2017; Available online:

https://unesdoc.unesco.org/ark:/48223/pf0000247444.locale=es (accessed on 8 September 2023).
37. Boyes, E.; Stanisstreet, M. Students’ perception of global warming. Int. J. Environ. Stud. 1992, 42, 287–300. [CrossRef]
38. Boyes, E.; Stanisstreet, M. High school students’ perceptions of how major global environmental effects might cause skin cancer. J.

Environ. Educ. 1998, 29, 31–36. [CrossRef]
39. Dove, J. Student Teacher Understanding of the Greenhouse Effect, Ozone Layer Depletion and Acid Rain. Environ. Educ. Res.

1996, 2, 89–100. [CrossRef]
40. Devine-Wright, P.; Devine-Wright, H.; Fleming, P. Situational influences upon children’s beliefs about global warming and energy.

Environ. Educ. Res. 2004, 10, 493–506. [CrossRef]
41. Boon, H.J. Climate Change? Who Knows? A comparison of secondary students and pre-service teachers. Aust. J. Teach. Educ.

2010, 35, 104–120. [CrossRef]
42. Punter, P.; Ochando-Pardo, M.; García, J. Spanish secondary students’ notion on the causes and consequences of climate change.

Int. J. Sci. Educ. 2011, 33, 447–464. [CrossRef]
43. García-Rodeja, I.; Lima, G. Sobre el cambio climático y el cambio de los modelos de pensamiento de los alumnos. Enseñanza Cienc.

2012, 30, 195–218.
44. Meira, P.A.; Arto, M. Representaciones del cambio climático en estudiantes universitarios en España: Aportes para la educación y

la comunicación. Educ. Em Rev. Curitiba Bras. Edicão Espec. 2014, 3, 15–33.
45. Chang, C.H.; Pascua, L. Singapore students’ misconceptions of climate change. Int. Res. Geogr. Environ. Educ. 2016, 25, 84–96. [CrossRef]
46. Monroe, M.C.; Plate, R.R.; Oxarart, A.; Bowers, A.; Chaves, W.A. Identifying effective climate change education strategies: A

systematic review of the research. Environ. Educ. Res. 2019, 25, 791–812. [CrossRef]
47. Reid, A. Climate change education and research: Possibilities and potentials versus problems and perils? Environ. Educ. Res.

2019, 25, 767–790. [CrossRef]
48. Carrascosa, J.; Martínez, S.; Alonso, M.; Ruiz, J.J. Propuesta didáctica para cambiar las ideas alternativas sobre la contribución de

la fusión del hielo al aumento del nivel del mar. Rev. Educ. Ambient. Sosten. 2020, 2, 2301. [CrossRef]
49. Kagawa, F.; Selby, D. Ready for the storm: Education for disaster risk reduction and climate change adaptation and mitigation.

J. Educ. Sustain. Dev. 2012, 6, 207–217. [CrossRef]
50. Juan, X. ¿Está cambiando el clima de la Tierra? Alambique 2006, 49, 61–70.
51. Domènech, J. Contextos de indagación y controversias socio-científicas para la enseñanza del cambio climático. Enseñanza Cienc.

Tierra 2014, 22, 287–296.

http://www.un.org/ga/search/view_doc.asp?symbol=A/70/L.1&Lang=S
http://www.un.org/ga/search/view_doc.asp?symbol=A/70/L.1&Lang=S
https://doi.org/10.1108/IJSHE-03-2014-0036
https://doi.org/10.7203/dces.27.2622
https://doi.org/10.25267/Rev_Eureka_ensen_divulg_cienc.2010.v7.i3.06
https://doi.org/10.1080/1943815X.2017.1362007
https://doi.org/10.1080/13504622.2020.1724889
https://doi.org/10.5565/rev/ensciencias.1688
https://doi.org/10.25267/Rev_Eureka_ensen_divulg_cienc.2017.v14.i1.20
https://doi.org/10.5565/rev/ensciencias.3902
https://doi.org/10.1080/13504620802345958
https://doi.org/10.25267/Rev_Eureka_ensen_divulg_cienc.2010.v7.iextra.08
https://doi.org/10.1007/s11625-016-0383-3
https://www.ncbi.nlm.nih.gov/pubmed/30147763
https://doi.org/10.18172/cig.3681
https://unesdoc.unesco.org/ark:/48223/pf0000247444.locale=es
https://doi.org/10.1080/00207239208710804
https://doi.org/10.1080/00958969809599110
https://doi.org/10.1080/1350462960020108
https://doi.org/10.1080/1350462042000291029
https://doi.org/10.14221/ajte.2010v35n1.9
https://doi.org/10.1080/09500693.2010.492253
https://doi.org/10.1080/10382046.2015.1106206
https://doi.org/10.1080/13504622.2017.1360842
https://doi.org/10.1080/13504622.2019.1664075
https://doi.org/10.25267/Rev_educ_ambient_sostenibilidad.2020.v2.i2.2301
https://doi.org/10.1177/0973408212475200


Climate 2024, 12, 17 18 of 18

52. Calixto, R. Propuesta en educación ambiental para la enseñanza del cambio climático. Rev. Electrón. Diálogos Educ. 2015, 15, 54–68.
53. Guilyardi, E.; Lescarmontier, L.; Matthews, R.; Point, S.P.; Rumjaun, A.B.; Schlüpmann, J.; Wilgenbus, D. IPCC Special Report

“Global Warming of 1.5 ◦C”: Summary for Teachers; IPPC: Paris, France, 2018.
54. United Nations Educational, Scientific and Cultural, Organization (UNESCO). Country Progress on Climate Change Education,

Training and Public Awareness: An Analysis of Country Submissions under the United Nations Framework Convention on Climate Change;
UNESCO: Paris, France, 2019.

55. EC. Special Eurobarometer 409. Climate Change/Wave EB80.2. Bruselas: European Commission. 2014. Available online: https://ec.europa.
eu/commfrontoffice/publicopinion/archives/ebs/ebs_409_en.pdf (accessed on 8 September 2023).

56. EC. Special Eurobarometer 435. Climate Change/Wave EB83.4. Bruselas: European Commission. 2015. Available on-
line: https://ec.europa.eu/commfrontoffice/publicopinion/index.cfm/Survey/getSurveyDetail/instruments/SPECIAL/
surveyKy/2060/p/2 (accessed on 8 September 2023).

57. EC. Special Eurobarometer 459. Climate Change/ Wave EB87.1. Bruselas: European Commission. 2017. Available online: https://ec.
europa.eu/clima/sites/clima/files/support/docs/report_2017_en.pdf (accessed on 8 September 2023).

58. EC. Special Eurobarometer 490. Climate Change/ Wave EB91.3. Bruselas: European Commission. 2019. Available online: https://ec.
europa.eu/clima/sites/clima/files/support/docs/report_2019_en.pdf (accessed on 8 September 2023).

59. EIB. Climate Survey Assessing Citizens’ Perception of Climate Change and Their Expectations on Climate Action; European Investment Bank:
Luxembourg, 2020–2021; Available online: https://www.eib.org/en/surveys/climate-survey/index.htm (accessed on 8 September 2023).

60. Eichhorn, J.; Molthof, L.; Nicke, S. From Climate Change Awareness to Climate Crisis Action. Public Perceptions in Europe and the
United States; Open Society Foundations: Brussels, Belgium, 2020; Available online: https://www.opensocietyfoundations.org/
publications/from-climate-change-awareness-to-climate-crisis-action (accessed on 8 September 2023).

61. Barraza, L.; Walford, R.A. Environmental education: A comparison between English and Mexican school children. Environ. Educ.
Res. 2000, 8, 171–186. [CrossRef]

62. Agrasso, M.; Jimenez Aleixandre, M.P. Percepción de los problemas ambientales por el alumnado: Los recursos naturales.
Didáctica Cienc. Exp. Soc. 2003, 17, 91–105.

63. Castells, M.; Morell, M. La Percepción de los Problemas Ambientales y la Visión de Futuro en los Jóvenes Españoles. In
Proceedings of the Actas VII Congreso Nacional de Medio Ambiente, Madrid, Spain, 22–26 November 2004; Available online:
http://www.conama.org/documentos/1763.pdf (accessed on 8 September 2023).

64. Oliver, M.F.; Casero, A. Actitudes de los Jóvenes Españoles en Relación con el Entorno. In Proceedings of the Actas VII Congreso
Nacional de Medio Ambiente, Madrid, Spain, 22–26 November 2004; Available online: http://www.conama.org/documentos/
123.pdf. (accessed on 8 September 2023).

65. Meira, P.A. Las ideas de la gente sobre el cambio climático. Ciclos 2006, 18, 5–12.
66. UNESCO. The World in 2030: Public Survey Report; UNESCO: Paris, Frace, 2021; Available online: https://unesdoc.unesco.org/ark:

/48223/pf0000375950.locale=en (accessed on 8 September 2023).
67. Tolppanen, S.; Kang, J.; Mayoral, O. Paradigm shift: Changes in willingness to take pro-environmental behavior in the midst of

the COVID pandemic among European pre-service teachers. Environ. Educ. Res. 2023, 29, 1259–1275. [CrossRef]
68. Arto, M.; Pardellas, M. La Sociedad Española ante el Cambio Climático. Percepción y Comportamientos de la Población; Ministerio para la

Transición Ecológica y el Reto Demográfico: Madrid, Spain, 2021.
69. Stevenson, K.T.; Peterson, M.N.; Bondell, H.D. The influence of personal beliefs, friends, and family in building climate change

concern among adolescents. Environ. Educ. Res. 2019, 25, 832–845. [CrossRef]
70. Kessler, E. Climate Change Concern among Youth: Examining the Role of Civics and Institutional Trust across 22 Countries. Educ.

Policy Anal. Arch. 2021, 29, 124. [CrossRef]
71. Jarrett, L.; Takacs, G. Secondary students’ ideas about scientific concepts underlying climate change. Environ. Educ. Res. 2020,

26, 400–420. [CrossRef]
72. Oliver, M.C.; Adkins, M.J. “Hot-headed” students? Scientific literacy, perceptions and awareness of climate change in 15-year

olds across 54 countries. Energy Res. Soc. Sci. 2020, 70, 101641. [CrossRef]
73. Rudd, J.A.; Horry, R.; Skains, R.L. You and CO2: A public engagement study to engage secondary school students with the issue

of climate change. J. Sci. Educ. Technol. 2020, 29, 230–241. [CrossRef]
74. Dryden, R.; Morgan, M.G.; Bostrom, A.; Bruine de Bruin, W. Public perceptions of how long air pollution and carbon dioxide

remain in the atmosphere. Risk Anal. 2018, 38, 525–534. [CrossRef] [PubMed]
75. Lee, K.; Gjersoe, N.; O’Neill, S.; Barnett, J. Youth perceptions of climate change: A narrative synthesis. Wiley Interdiscip. Rev. Clim.

Chang. 2020, 11, e641. [CrossRef]
76. Reinfried, S.; Tempelmann, S. The impact of secondary school students’ preconceptions on the evolution of their mental models

of the greenhouse effect and global warming. Int. J. Sci. Educ. 2014, 36, 304–333. [CrossRef]
77. Owens, T.L. Higher education in the sustainable development goals framework. Eur. J. Educ. 2017, 52, 414–420. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://ec.europa.eu/commfrontoffice/publicopinion/archives/ebs/ebs_409_en.pdf
https://ec.europa.eu/commfrontoffice/publicopinion/archives/ebs/ebs_409_en.pdf
https://ec.europa.eu/commfrontoffice/publicopinion/index.cfm/Survey/getSurveyDetail/instruments/SPECIAL/surveyKy/2060/p/2
https://ec.europa.eu/commfrontoffice/publicopinion/index.cfm/Survey/getSurveyDetail/instruments/SPECIAL/surveyKy/2060/p/2
https://ec.europa.eu/clima/sites/clima/files/support/docs/report_2017_en.pdf
https://ec.europa.eu/clima/sites/clima/files/support/docs/report_2017_en.pdf
https://ec.europa.eu/clima/sites/clima/files/support/docs/report_2019_en.pdf
https://ec.europa.eu/clima/sites/clima/files/support/docs/report_2019_en.pdf
https://www.eib.org/en/surveys/climate-survey/index.htm
https://www.opensocietyfoundations.org/publications/from-climate-change-awareness-to-climate-crisis-action
https://www.opensocietyfoundations.org/publications/from-climate-change-awareness-to-climate-crisis-action
https://doi.org/10.1080/13504620220128239
http://www.conama.org/documentos/1763.pdf
http://www.conama.org/documentos/123.pdf.
http://www.conama.org/documentos/123.pdf.
https://unesdoc.unesco.org/ark:/48223/pf0000375950.locale=en
https://unesdoc.unesco.org/ark:/48223/pf0000375950.locale=en
https://doi.org/10.1080/13504622.2022.2105818
https://doi.org/10.1080/13504622.2016.1177712
https://doi.org/10.14507/epaa.29.4849
https://doi.org/10.1080/13504622.2019.1679092
https://doi.org/10.1016/j.erss.2020.101641
https://doi.org/10.1007/s10956-019-09808-5
https://doi.org/10.1111/risa.12856
https://www.ncbi.nlm.nih.gov/pubmed/28666078
https://doi.org/10.1002/wcc.641
https://doi.org/10.1080/09500693.2013.773598
https://doi.org/10.1111/ejed.12237

	Introduction 
	Materials and Methods 
	Results and Discussion 
	Conclusions 
	Appendix A
	References

