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ABSTRACT

The current socio-environmental crisis, characterised, among other things, by the
collapse of biodiversity, climate change, and an increasing symbolic and educational
disconnection from the natural world, requires profound transformation across all
areas, especially education. In this context, university botanical gardens emerge as
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key infrastructures for promoting meaningful, contextualised, and interdisciplinary
education for sustainability. This study analyses the potential of the Botanical Garden
of the University of Valencia as a teaching resource for the professional development
of secondary school teachers.

The research is structured around the design, implementation, and evaluation
of an intensive course on sustainability and climate change, carried out in 2022 and
2023. Teachers from different subject areas participated, working collaboratively
to create teaching proposals applicable to their respective subjects, aligned with
the curriculum and the Sustainable Development Goals. Throughout the sessions,
theoretical reflections were combined with practical outdoor experiences, thus
fostering active learning, an emotional connection to nature, and practical class-
room application.

The results show a high appreciation of the course and the garden as an educa-
tional space. The activities carried out demonstrated the potential of an interdisciplinary
approach to address environmental issues from different perspectives. The proposals
ranged from estimating CO, sequestration to the recovery of plant cultural heritage.
The teachers expressed their intention to implement these ideas, thereby reinforcing
their commitment to educational transformation.

This study concludes that integrating green spaces, such as botanical gardens,
into teacher training fosters a reconnection with natural systems and contributes to
the development of key competencies for addressing the socio-environmental chal-
lenges of the 21st century.

Keywords: botanical gardens; teacher training; education for sustainability;
climate change; SDGs; global crisis.

RESUMEN

La actual crisis socioambiental, caracterizada entre otras cosas por el colapso
de la biodiversidad, el cambio climatico y la desconexién simbdlica y educativa con
el mundo natural, requiere una transformacion profunda en todos los dmbitos, espe-
cialmente en el educativo. En este contexto, los jardines botdnicos universitarios se
revelan como infraestructuras clave para promover una educacion para la sostenibilidad
significativa, contextualizada e interdisciplinar. Este estudio analiza el potencial del
Jardi Botanic de la Universitat de Valencia como recurso didactico en la formacion
continua del profesorado de secundaria.

La investigacion se articula a través del disefio, implementacion y evaluacion
de un curso intensivo sobre sostenibilidad y cambio climatico, desarrollado en 2022
y 2023. Participaron docentes de distintas especialidades, que trabajaron de forma
colaborativa para generar propuestas didacticas aplicables a sus respectivas materias,
vinculadas al curriculo y a los Objetivos de Desarrollo Sostenible. A lo largo de las
sesiones, se combinaron reflexiones tedricas con experiencias practicas al aire libre,
promoviendo el aprendizaje activo, la conexién emocional con la naturaleza y la
aplicacion concreta en el aula.

Los resultados muestran una alta valoracién del curso y del jardin como espacio
formativo. Las actividades desarrolladas evidenciaron el potencial del enfoque
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interdisciplinar para abordar problematicas ambientales desde diversas areas. Las
propuestas incluyeron desde estimaciones de captura de CO, hasta la recuperacion
del patrimonio cultural vegetal. El profesorado manifesté su intencion de imple-
mentar estas ideas, reforzando el compromiso con la transformacion educativa.

Este trabajo concluye que integrar espacios verdes como los jardines botdni-
cos en la formacion docente fomenta una reconexion con los sistemas naturales y
contribuye a desarrollar competencias clave para enfrentar los desafios socioambi-
entales del siglo XXI.

Palabras clave: jardines botdnicos; formacion del profesorado; educacion para
la sostenibilidad; cambio climatico; ODS; crisis global.

1. INTRODUCTION

The socio-environmental situation currently faced by humanity poses an
unprecedented crisis in which numerous serious intertwining problems converge
to create a highly complex scenario. Described and substantiated for several
decades now, with broad consensus amongst experts and scientific institutions,
a profound transformation is required in response to this scenario across every
layer of society and in diverse fields. One of the most relevant frameworks
that can help guide this transformation is the 2030 Agenda and the Sustainable
Development Goals (SDG).

The global crisis cannot be understood in terms of a single cause nor can it
be addressed with fragmented solutions. It is shaped by a web of mutually exac-
erbating issues: biodiversity loss, resource depletion, collapsing ecosystems, fresh
water shortages, widespread pollution, climate change, food insecurity, social
inequality, geopolitical tensions and the erosion of cultural diversity, among other
factors. These closely related elements are all rooted in a deeply dysfunctional
model of the relationship between humanity and nature. Scientific concern about
the increasing disconnection from the nature systems that sustain us has grown in
recent years. This disconnection is not just physical, but also symbolic, cultural and
educational. Cakar et al. (2021) and Chu (2022) note that this missing link to the
natural world has been so decisive that the biophysical foundations of life are at
risk. From an educational perspective, this break calls for a ‘glocal’ approach and
training in planetary citizenship capable of constructing scales and responsibilities
(Murga-Menoyo and Novo, 2017).

As indicated by Rockstrom et al. (2024), these issues are pushing us dangerously
close to the so-called planetary boundaries, and even beyond them in some cases,
such as concentrations of carbon dioxide in the atmosphere, species extinction
rates and loss of biodiversity. This set of thresholds defines a framework in which
humanity can safely survive (Folke, 2013).

In light of this complex situation, education emerges as an essential tool, with
teachers playing a key role in any strategy drawn up, given their potential for
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generating a profound cultural change. Educational transformation must focus on
regaining an understanding of the inter-dependence between humans and ecosys-
tems, integrating and fostering this scientific knowledge in basic curricula at every
educational level. The aim is to cultivate not only cognitive, but also ethical and
emotional, skills that will enable younger generations to correct the aforementioned
dysfunctions and exercise citizenship with an awareness of our dependence on the
natural world.

Therefore, resources such as botanical gardens are essential additions to
educational interventions designed to amplify and improve the impact and efficacy
of education for sustainability (ES). While botanical gardens cannot be considered
natural spaces, they are green spaces that offer a wide range of opportunities for
research, conservation and education in locations with limited space but featuring
lush biodiversity. It is striking that, despite the extensive progress seen in terms
of the potential of plants in general and of botanical gardens in particular (De
Rivas et al., 2024; Mayoral, 2019), they remain underused as a didactic resource
in settings like that described above. The aggravation of the planet’s problems, in
which the loss of biodiversity has a particularly revealing weight, has led to the
emergence of new challenges for conservation and education which these spaces
are uniquely positioned to address. There is also a historical and structural dimen-
sion worth highlighting: a good number of botanical gardens belong to higher
education institutions and were created primarily for teaching purposes within
formal education settings (botany, medicine, pharmacology). These university
roots naturally position them as ideal academic infrastructures for teaching and
for scholarly research, in addition to making them essential tools for ES among
students at diverse educational levels.

In a region such as the Mediterranean, long recognised as one of the main
hotspots for biodiversity worldwide (Hewitt, 2011; Myers et al., 2000) and, at the
same time, one of the regions most prone to climate change and other pressures
of global change (Cramer et al., 2020), botanical gardens represent an especially
relevant educational tool. These spaces are not only home to a valuable sampling
of local and regional flora, but they also enable students and teachers to experience
a direct connection with the environment closest to them, thus facilitating so-called
place-based solutions that promote meaningful, contextualised learning (UNESCO,
2017). This connection to the region raises ecological awareness, fostering a deep
understanding of impacts already seen at a local level, such as the loss of endemic
species, gradual aridification, the problems of the rural world and changes in water
cycles (Diaz et al., 2019).

Based on this approach, research was conducted at the Jardi Botanic de la
Universitat de Valencia (JBUV) as part of a broader intervention involving secondary
school teachers and their students at diverse schools across the province (De Rivas
et al., 2025). The university botanical garden was created as a space for teaching
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and research in botanical studies and has since extended its aims and usage to other
fields. The aim of the study is two-fold, and it is designed in assessable terms. Firstly,
the botanical garden is defined as an educational tool with wide-ranging potential
in diverse areas of knowledge, particularly in teacher training. Secondly, and most
importantly, the active engagement of secondary school teachers is sought, thus
building their skills and interest in ES through the use of highly motivating contexts
and themes.

To this end, the climate change-biodiversity dichotomy, and the educational
approach to it, is reviewed and discussed, later focusing on and specifically
addressing the teacher training required in response to the numerous calls for their
participation, within the framework of the JBUV. There follows a description of the
methodology used, including the experimental designs created for this purpose (an
ad-hoc course and an evaluation thereof), and some of the findings gathered to
date are presented and analysed. Finally, conclusions are formulated and estimates
made, indicating future lines of research and innovation in education, focusing on
the necessary involvement of teachers in ES settings.

The magnitude of the socio-environmental challenge described above forces
us to move beyond fragmented visions of the issue in order to progress toward a
new paradigm based on respect for the planet’s boundaries and social equity. As
Bybee (1991) remarked, sustainability continues to be “the most necessary unifying
concept” of our time. Now more than ever, this word embodies the possibility of
repairing our relationship with nature and constructing, in the present, a hospitable
future together.

2. BIODIVERSITY AND CLIMATE CHANGE EDUCATION IN THE CONTEXT OF A
BOTANICAL GARDEN

Climate change is dramatically transforming the planet’s ecosystems, impacting
both land and water resources. These changes have already prompted a massive loss
of species, leading to an overall decline in planetary health. One of the most critical
issues is the reduction in essential ecosystem services such as carbon capture, flood
control, water and air purification, soil fertility and pollination. When natural systems
are destabilised, they cease to provide these services, resulting in severe ecological,
social and cultural impacts, leaving human livelihoods increasingly vulnerable. The
collapse of biodiversity is recognised as one of the planetary boundaries that has
already been significantly breached, and climate change is deemed the main factor
in this decline, as confirmed by a large-scale international study published recently
(TUCN, 2023), among other sources.

As is the case with socio-environmental issues as a whole, the relationship
between biodiversity and climate change is profoundly interdependent and recip-
rocal: while climate change represents one of the primary threats to biodiversity,
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the loss of biodiversity, in turn, fuels global warming. Increasing temperatures,
changes in precipitation patterns, the acidification of the oceans and extreme
weather events are driving habitat deterioration, displacement of species and
local extinctions (Beery et al., 2020), contributing to the withdrawal from rural
settings and growing inequality, among numerous other social problems. At the
same time, the destruction of natural ecosystems like forests, wetlands, prairies
and marine systems disrupts key processes such as carbon capture and storage,
reducing the planet’s capacity to regulate climate. In this context, biodiversity
conservation and restoration represent key strategies for mitigating —but also for
adapting to— climate change. Diverse, healthy ecosystems act as natural barriers
against climate disasters: protecting coastal regions, cooling the environment,
regulating water flows and keeping soil fertile, while at the same time effectively
capturing carbon in a lasting way. Furthermore, biodiversity affords resilience;
the greater the variety of species and ecological functions within an ecosystem,
the better equipped it will be to adapt to changing conditions without reaching
a breaking point. Investing in biodiversity is not merely an environmental action,
but a strategic response to climate change with a powerful social impact (Seddon
et al., 2020). Such an investment is crucial for the survival of all living beings in
order to restore the balances upon which our own species depends, thus avoiding
serious consequences like pandemics, and to acknowledge our reliance on the
system services provided by the biodiversity to which we belong (Gil Pérez and
Vilches, 2023).

Based on this assessment, the research deliberately incorporates the JBUV as a
cornerstone of the proposed actions to be implemented for sustainability and climate
change, strengthening and encouraging its use as an element of ES.

These experiences also promote education in values such as social justice,
human rights, knowledge about other cultures and respect for diverse opinions
and ways of life (Gil Pérez and Vilches, 2017). Specifically, education outside the
classroom in green spaces offers numerous interesting opportunities to explore and
develop holistic, cross-disciplinary, experiential and action-oriented approaches
(Amortegui et al., 2017). Furthermore, working with specific environmental impacts
provides a powerful means of literacy-building and ethical ‘awakening’ (Puig i
Baguer and Casas-Jerico, 2017), which botanical gardens can facilitate through a
situated approach.

Botanical gardens encourage open, active learning by participants, positively
influence students’ socio-environmental knowledge and attitudes, and facilitate
comprehension of subjects specifically related to nature and climate change
(Eberbach and Crowley, 2017; Sellmann, 2014; Sellmann and Bogner, 2013;
Williams et al., 2015). For this reason, efforts are being stepped up to expand
and enhance educational programmes (Dodd and Jones, 2010; Sudrez-Lopez and
Eugenio, 2018) in these spaces, which can include wide-ranging, interrelated
themes such as the climate emergency, biodiversity conservation, sustainable
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gardening, improving food security, and exchanges of personal experiences
about the value of biodiversity for local communities, to name a few (Vergou
and Willison, 2016).

For these undertakings to be successful, teachers, leaders and educational
institutions require training and engagement capable of driving the change of
cultural and educational paradigm that needs to be seen (Lugg, 2007). In fact, the
LOMLOE [the Spanish law regulating the educational system], for example, specif-
ically mentions the need for education focused on sustainability and the threats of
climate change, explicitly noting that the educational system must foster ‘students’
contact with green spaces.

In light of the complex systemic challenges posed by climate change, such as
the accelerated loss of biodiversity and the aforementioned deterioration of essen-
tial ecosystem services, there is an unquestionable need to incorporate relational,
emotional and ethical perspectives in education.

The inclusion of the JBUV in ES proposals is an illustrative example of how these
educational spaces can facilitate comprehensive learning. In addition to academic
knowledge, these spaces promote emotional experience, ethical reflection and a
connection to values that nurture care for the planet. This reinforces the idea that
transformative education must combine scientific knowledge with critical skills,
social sensitivity and engagement, thus contributing to the formation of citizens
capable of understanding and coping with the threats of today and tomorrow from
a holistic, committed viewpoint.

Botanical gardens have unique features that make them privileged spaces for
the development of educational proposals not easily replicated in other settings,
including their global presence and the diversity of the living plant collections
they are home to. This idiosyncrasy offers highly valuable teaching-learning
opportunities for addressing complex issues like the effects of climate change in a
tangible way. Moreover, many of these gardens are host to exceptional historical
archives —herbaria and gene banks— that comprise valuable scientific and teaching
resources rarely found in other educational settings. In recent years, this potential
has increased thanks to the growing involvement of botanical gardens in citizen
science initiatives and collaborative projects linked to the current planetary crisis
(Miller and Derewnicka, 2019).

This is compounded by a strategic argument about including work sessions in
green spaces in ES programmes: conservation of the plant world is an undeniable
requirement on the path to meeting the Sustainable Development Goals (Amprazis
and Papadopoulou, 2020). The issue reflects a key paradox that emphasises the
very essence of the concept of sustainability: without plants, life on Earth would
not be possible.

In 2018, the Climate Change Alliance of Botanic Gardens signed an inter-
national agreement acknowledging the urgency and unprecedented magnitude
of the climate crisis. The founding statement highlights the key role of botanical
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gardens as custodians of scientific and horticultural knowledge and as inspirational,
educational spaces for driving social change. The Alliance underscores the need
to act collectively to protect living botanical collections, landscapes and life on
the planet, promoting the creation of resilient environments. In a joint statement,
gardeners from around the world declared that the time to act is now.

In sum, botanical gardens are miniature depictions of nature (Heyd, 2000), a
resource that can be used for educational purposes to influence visitors” experience,
their connection to nature, their understanding of biodiversity and its connection to
other issues such as the threats of the climate crisis (Zelenika et al., 2018) and the
socio-environmental problems that are emerging. Therefore, it must be noted that
botanical gardens afford a tremendous opportunity: to reconnect communities and
the natural world (De Rivas, 2024).

3. TEACHER TRAINING ABOUT CLIMATE CHANGE AND SUSTAINABILITY

Given the growing relevance and urgency of socio-environmental issues,
a broad, widespread commitment by teachers is a crucial step toward student
involvement in the measures that must be taken (Buchanan, 2012; Geli and
Terradellas, 2019; Medir et al., 2014; Summers et al., 2005; Vilches and Gil Pérez,
2012). However, numerous studies coincide in pointing out that most teachers do
not feel prepared to discuss these contents, leading to insufficient or fragmented
teaching about sustainability (Evans, 2020; Timm and Barth, 2021). The shortcom-
ings found are related not only to a limited understanding of the contents linked
to this matter, but also to a lack of specific tools for effectively integrating them
into their daily work. Questions about how to teach these subjects, in addition to
a perceived failure to achieve the desired learning objectives, generate insecurity
among teachers and highlight the urgent need for better training and institutional
support (Geli et al., 2005; Vilches and Gil Pérez, 2012; Waltner et al., 2020). This
lack of training can even lead to an imbalanced view of the magnitude and
urgency of the global socio-environmental crisis (Garcia-Gonzdlez et al., 2020;
Lopez-Fernandez et al., 2024).

Work must be done from diverse perspectives to address such a situation.
One key way of doing this consists in bolstering initial training for teachers, so
that they receive training in ES that prepares them to act in such a specific social
context before joining the workforce. In addition to this training, which directly
concerns university institutions responsible for educating future teachers, it is
also necessary to include in this goal those who currently need to meet these
ES demands but likely did not receive adequate training to do so during their
educational years (Corney and Reid, 2007). It should be noted that little research
has been done in which teachers are included for the purpose of assessing
specific activities performed; however, excluding their vision obviously limits
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the scope of these studies (Chalkley and Sterling, 2011; Holm et al., 2015; Solis
and Valderrama, 2015). On the other hand, field work in teacher training on
sustainability has shown that there is a need for active teacher participation in
research/innovation processes, indicating that this contributes to their active
involvement in educating responsible citizens in relation to this global issue
(Cebrian and Junyent, 2015; Collazo and Geli, 2017; Vilches and Gil Pérez, 2012).

One aspect that fosters effective integration of sustainability in teacher training
is its cross-disciplinary focus. The challenge is not merely to strengthen competence
in sustainability, but to specify how to teach it in real settings. Therefore, there is a
need to develop competence, knowledge and skills, in addition to didactic experi-
ence and appropriate attitudes towards this approach.

The competency-based curriculum prevalent in the Spanish educational system
assigns a key role to establishing coherent frameworks of reference that guide
educational actions and proposals and help clearly define the specific training
needs of the teaching staff responsible for implementing programmes. In today’s
context, sustainability emerges as an especially relevant cornerstone for guiding any
intervention taking place inside or out of the classroom. The regulatory strength
of this approach has long been recognised, consolidating it as the predominant
model in the field of education (Werler and Tahirsylaj, 2022). The global crisis
has aided in redefining the types of knowledge considered truly meaningful and
necessary, guiding the necessary reflections on ‘why we teach’ and what types
of knowledge are worth prioritising. Teaching and learning against the backdrop
of a planetary emergency are no simple endeavours. Within this scenario, rigor-
ous, systematic research must be done to address the specific challenges that
are emerging. In order to bring about meaningful, lasting changes in teaching
practice, it is crucial to have a sound, coherent body of knowledge to back those
changes, thus avoiding the danger of innovative but isolated or one-off proposals.
It is essential not only to boost this kind of research, but also to actively engage
teachers, with a view to offering specific responses to the difficulties they face
in their everyday work.

The creation of a critical body of teachers equipped to interpret diverse academic
situations and integrate conclusions stemming from a collective reflection process has
emerged as a highly beneficial practice for the ongoing improvement of everyone
involved in education (Tilbury, 2007).

In light of the above, including botanical gardens in teacher training at every
stage of education and across all fields of study could represent an especially
relevant strategy. These spaces not only offer a direct, multisensory experience
with natural systems, but they also afford an opportunity to develop curricular
contents through a cross-disciplinary approach, encouraging collaboration. Their
didactic potential is particularly valuable for teacher career development, encour-
aging critical reflection on the methodologies used and stimulating educational
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innovation (Collazo and Geli, 2017). As advocated in the 2030 Agenda, teachers
are called upon to lead educational processes that are aligned with the realities
of the world today.

4. METHODOLOGY

Based on the arguments described, this research focuses on the design, imple-
mentation and assessment of ES training courses at the JBUV geared towards teachers
from diverse schools in the province of Valencia and created as part of a broader
intervention (De Rivas et al., 2025).

An active methodology was adopted in the course sessions, in which the
teachers were divided into collaborative teams for the construction of knowledge
about climate change and sustainability, as well as strengthening positive attitudes
towards teaching these concepts. This entailed a discussion about the potential
interest and relevance of the issues to be studied, raising questions, making educated
guesses, preparing and implementing problem-solving strategies and instruments,
formulating proposals, etc. The methodology coincided with that applied by the
teachers and their students throughout the school year, with guidance from the
research team.

Cooperation in the classroom is viewed as a crucial instrument for achieving
meaningful learning outcomes and a growing interest in the content to be discussed,
thus helping create a suitable working environment by involving participants in a
shared task and to enhance the learning outcomes for all types of teaching activities
and contents at any educational level, particularly in teacher training (Vilches and
Gil Pérez, 2012) for engagement in ES, in this case.

As noted above, in this study the important role that education outside the
classroom in green spaces such as botanical gardens can and should play in formal
education and in initial and ongoing teacher training is analysed and showcased,
using the JBUV as a superb educational resource and also showing how this
approach can be useful for a number of subjects, in line with the cross-disciplinary
nature of ES.

4.1. Course design

It is worth noting that these training courses offered an opportunity to expand
and strengthen a proposal implemented in several school years now, in which they
served as a support mechanism and driving force of a line of work taking place
at the schools involved and their teachers (De Rivas et al., 2025). The specific
intention is to generate concrete learning proposals in which teachers can make
use of the JBUV.

Both editions of the course, bearing the title: “The Role of Botanical Gardens
in Teacher Training within the Context of Climate Change and Education for
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Sustainability”, were carried out at the JBUV, one in late June 2022 and the other in
early July 2023, lasting approximately five hours.

To sum up, the course was designed with the following aims: (i) to increase
teachers’ understanding of the relationships between biodiversity, climate change and
sustainability; (i) to prepare teachers to include these contents in their programmes
through cross-disciplinary proposals; and (iii) to foster the use of the JBUV as a
didactic resource for developing competencies linked to contextualised, experien-
tial education. The courses gradually introduced contents on the current socio-en-
vironmental crisis, the scientific foundations of climate change, the relevance of
biodiversity and ecosystem services, and the didactic potential of green spaces in
secondary education. In line with these aims, the methodology combined sessions
for reflection, group dynamics and a path for learning in the garden, where applied
activities took place, such as estimating the biomass of a tree, analysing species or
interpreting heritage features, geared towards the promotion of meaningful learn-
ing that can be transferred to the classroom. The course was assessed by means
of a survey containing quantitative and qualitative items to evaluate the perceived
usefulness, comprehension of the contents, the pertinence of the activities and the
garden’s potential as an educational resource. The relationship between methodol-
ogy, activities and expected learning outcomes was explicitly defined in the design,
so that each phase of the course would contribute to the development of teaching
skills for the contextualisation of teaching, designing cross-disciplinary proposals
and boosting the students’ literacy.

First, a reflection on the aims and contents of the course is given (point 2).
Next, a discussion is held for the purpose of reviewing the topics dealt with in
the activities carried out during each school year in relation to sustainability and
climate change (point 3), in addition to introducing the JBUV as an educational
resource in ES. The teacher is expected to discern the numerous opportunities
offered in the different subjects of the secondary school curriculum, to focus on a
specific project outside the classroom in the proposed setting. The visit (point 5) is
conducted on a path that focuses on some of the ideas considered most important
for understanding the climate crisis, its causes and consequences. The subsequent
teamwork aims to encourage the participants to gradually note and remark on the
contents that can be applied in the subjects they teach, linked to specific locations
and integrated into a complete activity. Finally (point 6), the work done is shared
and assessed in the classroom.

During the group work, the participants break up into collaborative teams of
teachers working in the same general disciplines.

4.2. Sample

Over the two editions of the course, a total of 57 working teachers (36
women and 21 men) with 15 years of professional experience on average
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participated. The participating teachers were selected out of convenience, as
members of a group of teachers taking part in a research project on climate
change and ES those years, involving 14 secondary schools with an interest in
socio-environmental issues.

The subjects they teach are: Biology and Geology, Physics and Chemistry, Math-
ematics, Latin, Geography and History, Music, Physical Education, Technology, Art,
Philosophy, English, Spanish Language and Literature, Classical Culture, Valencian
Language, Scientific Literacy and Greek.

4.3. Instrument and data collection

To assess the course, a survey validated by experts was used, consisting
of three closed response items on a Likert scale (1-10) aimed at evaluating the
perceived usefulness, the pertinence of the activities and the suitability of the
methodology, in addition to an open-ended question for the purpose of gathering
qualitative remarks about the experience. The survey was taken anonymously at
the end of each edition of the course by means of an online form, thus ensuring
a high response rate. To analyse the data, the quantitative assessments were
processed by means of simple descriptive statistics (frequencies and percentages),
while the open-ended responses were classified by topic according to the appli-
cability of the proposals, the value of the JBUV as an educational resource, the
relevance of the contents and suggested improvements. This procedure served
to supplement the numerical data, giving a richer, more nuanced view of the
teachers’ perceptions.

Survey

The survey below addresses diverse aspects of the course in which you have
participated. We appreciate your collaboration, as your opinion will be very
helpful for enhancing and redirecting the activities, where necessary. Give
reasons for all of your responses.

1. Rate the course overall from 1 to 10 (where 1: I did not like it at all, and
10: T liked it very much)

2. Rate the methodology used

3. Rate the usefulness of the course for understanding the role of the Botanical
Garden and nature spaces in general in the study of climate change and
citizen education for sustainability

4. Remarks justifying your responses and suggestions
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5. RESULTS

The discussion of the course aims at the start of the session (point 2) showed
that it is a useful tool because it expands on the preliminary work done by the
teachers previously in their schools (De Rivas et al., 2025), with shared expe-
riences and opinions about the proposal. This contextualisation highlights the
importance of being linked to projects featuring a research team available for
orientation and guidance while at the same time ensuring that the participating
teachers’ perspectives and interests are integrated from the start through their
active central role.

The following session (point 3) allowed the teachers to discover the wealth of
opportunities that exist for defining a specific project outside the classroom in the
proposed setting, aware of the fact that preliminary preparation and subsequent
follow-up sessions would be required. Examples shared include using trigonometry
to calculate the height of the trees and the mass and quantity of carbon they contain;
the importance of using texts that discuss matters related to botanical gardens was
also noted, in addition to their importance in citizen education and their evolution
throughout history, to name a few.

In the next session (point 5), group work was done in the outdoor garden in
which the participants and the research team agreed on a route designed to address
important aspects of climate change while also reflecting on the need to conserve
and protect plant biodiversity, exploring the topic of humans’ utter dependence
on healthy, balanced ecosystems (De Rivas, 2024). At each stop along the way, the
contents that could be discussed and the subjects they could be linked to were
outlined. It became clear that the range of contents was broad and cross-disciplinary
in nature, and each teacher, depending on the department they worked in and the
subjects taught, could adapt and discuss them from the perspective best suited to
and aligned with the curriculum. This framework facilitated the more in-depth,
precise work done by the teams afterwards.

The group work culminated in the preparation of an ES and climate change
project proposal revolving around a visit to the garden or other green spaces
available to the schools. Following a reflection period, each team presented their
proposal to the other participants in an enriching debate that revealed the possibilities
and opportunities of using these spaces to discuss the global crisis. For example,
one group of science teachers proposed an activity for the subject of Physics and
Chemistry in 3rd-year Compulsory Secondary Education aimed at estimating how
many botanical gardens would be needed to absorb all the CO, generated by the
city of Valencia. Another group, involving language teachers, proposed an activity
geared towards 1st-year Compulsory Secondary Education students for connecting
plant biodiversity conservation to the restoration of cultural heritage in villages and
communities. At the end of the session, several participants expressed a commitment
to implement their proposals during the 2023-2024 school year.
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The last part of the course was devoted to systematising the main ideas and
conclusions reached throughout the session; overall, the pertinence and need to
include intervention proposals such as those mentioned here in formal education
was confirmed, preferably outside the classroom and also in other green spaces,
such as school gardens, as motivational didactic resources that help generate useful
learning environments for the implementation of active methodologies for building
competency in sustainability. These proposals must be assessed after implementa-
tion, as part of a process of reflection, research and innovation aimed at providing
an appropriate response to the training needs of teachers and the teaching-learning
process in which they intend to add value.

The aforementioned survey was conducted at the end of the course in order
to assess the usefulness of the proposed training activity and to gather possible
suggestions for improvement or redirection. Table 1 shows the scores of the first
three items (scale of 1-10).

Item 4, for collecting the participants’ open responses and suggestions, confirms
these positive numerical scores. As an illustrative example, some of the remarks
are shown below:

‘Providing teachers with resources for classroom work on climate change in different
departments/subjects is essential if we want to generate a change in our society through
our students. I found the training course to be very interesting and it should take place
each year, expanding the contents and further exploring key matters for mitigating the
climate emergency’.

T think the garden is an unbeatable resource for working in any subject area. Infinite
projects could be done there’.

‘T found the information to be precise and useful. The experts managed to catch our
attention completely and the group work was spot on’.

‘T found the group work to be interesting for developing the ideas we came up with
earlier and to foster the use of the Garden and the contents on climate change in differ-
ent subjects. It was also highly gratifying to listen to the responses of the other groups,
especially with such wide-ranging subjects’.

TABLE 1
RESULTS FOR ITEMS 1, 2 AND 3 OF THE ASSESSMENT SURVEY

N =57 7 8 9 10
1. Rate the course overall from 1 to 10 10 % 30 % 60 %
2. Rate the methodology used 10 % 10 % 10 % 70 %

3. Rate the usefulness of the course for

0, 0, 0,
understanding the role of the Botanical Garden > % 15% 80 %

Source: Prepared by the authors
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6. CONCLUSIONS AND OUTLOOK

The findings of this research show the opportunities and potential of the
JBUV as a key educational resource in ES with secondary school teachers. The
integration of green spaces like this in training processes not only promotes a
cross-disciplinary approach to urgent issues but also contributes to a meaningful,
transformative educational experience. Teachers’ participation in the construction
of specific didactic proposals linked to their respective subjects has been shown to
foster the development of new perspectives and didactic approaches focused on
the connection to the environment and the natural world.

The fact that the participating teachers rated the course highly, in addition
to the wealth and variety of proposals created, leads to the conclusion that this
type of training interventions can contribute significantly to the strengthening
of teachers’ professional competence in sustainability. Furthermore, as indicated
by the participants, the active, collaborative and contextualised methodology
has shown to help generate engagement, motivation and commitment to the
educational transformation needed in response to today’s global crisis. It should
be noted that the participating teachers logically had vastly different motivation
and interests, which occasionally led to difficulties and posed a challenge for
the work being done in the courses. However, the lack of previous training
experiences in this field remains an obstacle, thus reinforcing the need to
expand and follow up on this type of initiatives in both initial and ongoing
teacher training.

One of the most relevant contributions of this proposal lies precisely in its
capacity to facilitate a deep reconnection with the natural world. Direct experience
in a space like a botanical garden transcends theoretical comprehension of the
contents discussed and at the same time nurtures emotional ties to the ecosystems
that we live in and depend on.

As a whole, this combination of theory and practice strengthens the coherence
of the study, evidencing the way in which the conceptual basis guides and sustains
each component of the training experience.

Looking towards the future, this study opens up several avenues of action
and research. The first is the advisability of systematising and following up on the
proposals developed by the teams of teachers after the course in order to assess
the implementation at schools and the impact on students. Secondly, it is crucial to
generate networks of collaboration between botanical gardens, universities, educa-
tion authorities and schools in order to build a culture conducive to using these
spaces as learning environments. It would also be highly beneficial to incorporate
the students’ perspective in future research in order to assess their perception and
experience in relation to this type of approach.

In sum, this research bolsters the idea that botanical gardens are not just
reservoirs of biodiversity or spaces for contemplation, but that they can and must
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become strategic allies in education in the 21st century. Their inclusion in teacher
training programmes poses an undeniable opportunity to progress towards a concept
of schools committed to the challenges of today, integrating SDGs and curricular
contents from a transformative, situated perspective.
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