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Abstract: Sustainable development (SD) is one of the global and central aims of today’s politics.
As stated in Agenda 21, education must play an essential role in achieving a sustainable society.
The present research is focused on Slovenian and Austrian biology teacher students’ understanding of
SD and education for sustainable development (ESD). The research was carried out at the University
of Ljubljana and the University of Vienna. Altogether, 60 Slovenian and 60 Austrian pre-service
biology teachers participated in the questionnaire-based study. Pre-service biology teachers answered
a set of Likert-type and open survey questions. Less than half of the pre-service biology teachers from
Slovenia and Austria had a good understanding of the environmental aspects of SD, but they lack
understanding of the interconnections between the environmental, economic and social dimensions
related to SD. They describe and connect ESD with environmental education and environmental
awareness. Students from both countries know some pedagogical principles of ESD, such as active
learning and transformative education. Analysis with the sustainable development goals (SDGs) in
focus showed that only some of them were mentioned by the teacher students. The results of the
research contribute to the evaluation and development of curriculum for middle and high school
biology teachers.

Keywords: attitudes; knowledge; 17 SDGs; pre-service biology teachers; sustainable development;
teacher education

1. Introduction

One of the most important goals of humanity in the 21st century is to construct a sustainable society.
Education is one of the keys for achieving sustainability and also one of the targets for a sustainable
society [1]. The term sustainable development (SD) was first mentioned by Carlowitz [2] in
the book, Silvicultura oeconomica (1713), and was described as a principle in the field of forestry.
Nowadays, Brundtland’s definition of SD as “development that meets the needs of the present without
compromising the ability of future generations to meet their own needs” [3] (p. 43) has become
well known. This concept has received the most attention since the United Nations Conference on
Environment and Development, held in Rio de Janeiro in 1992. The key document of the Rio agreement
is called Agenda 21 [4] and is a major action plan for SD in the 21st century [5]. The core concept
of strong sustainability is that the benefits of nature are irreplaceable and that the entire economy
is reliant on society, which in turn is entirely dependent on the environment. This emphasizes
the interdependencies between our society, our economy and the natural environment [6,7].
Human survival is directly tied to our relationship with the natural environment; therefore, it is essential
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to establish a sustainable lifestyle that depends on a balance between individuals’ consumption and
the capacity of the natural environment for renewal [8]. Some researchers perceive ecological systems
as a known fixed boundary inside of which all human social systems must exist and economic systems
as existing within the boundaries of social systems [9].

Education for sustainable development (ESD) is one of the main aims of the national as well
as international educational policies [10]. ESD was first mentioned by Chapter 36 of Agenda 21,
where four main aims of the work of ESD were described: improve basic education, reorient existing
education to address SD and develop public understanding, awareness and training [4]. For (future)
teachers it is essential to raise awareness about SD and ESD [11]. Nowadays, SD is the theoretical
basis and an increasingly important norm for human development worldwide [1]. Science education,
including and as a part of it biology education, plays an important role for SD and ESD, as van Eijck
and Roth [12] have pointed out. SD in education is a framework for orientation, for selecting topics
and for developing educational settings [13].

The United Nations Decade for ESD (2005–2014) was followed by the Global Action Plan (GAP)
on ESD, designed to provide core learning content and approaches for the post-2015 ESD agenda.
Seventeen sustainable development goals (SDGs) are the core elements of Agenda 2030. SDG 4 is
focused on quality education: “Ensure inclusive and equitable quality education and promote lifelong
learning opportunities for all” [14]. ESD is an approach to education, which includes an integrative and
holistic view, linking knowledge and action. Kopnina [15] has criticized weak models of sustainability,
as, for example, quoted above. On this basis, she also suggests new concepts of ESD, which are
more ecocentric. It should be an education for environmental issues, including social and ecological
sustainability, as opposed to an anthropocentric view with the economic aspects as a starting point
and environmental aspects as resource issues for the economy or an affected domain due to economic
activities. Selby [16] argues that the current de-natured nature of ESD makes it unlikely that the student
will become motivated to care and act for nature. According to the author, nature is only accorded
instrumental and utilitarian value in ESD.

Education for Sustainable Development in Teacher Education

We can find many models of how to include ESD in general teaching and biology education.
All these models comprise a multi-level process. Models include societal issues (at local, regional,
global levels) and inter- and multidisciplinary approaches as well as changes in pedagogy. ESD teaching
and learning is a combination of different views and taking on different perspectives, frequently dealing
with socially relevant topics, biology in combination with chemistry and/or physics and the three
pillars of sustainability: social, economic and ecological. The aim of teaching follows a skill-orientated
paradigm [17] or, more recently, a competencies-driven discussion [18]. Topics in the context of
a sustainable future include biodiversity, climate change, the sustainable use of natural resources
(e.g., soil, water, energy, . . . ), health, cultural heritage, multiculturalism and global welfare [10].
One example of an ESD case study in research literature is the work on a local watershed by Eijck and
Roth [12]. These authors studied the complexity of human–nature interactions, but at the same time,
they made in-depth physical, chemical and biological observations to link everything together and
start thinking about solutions for prevalent problems at hand. Another exemplary work is about the
return of the wolf as a case for ESD in Germany and looks at how the topic is valued by pre-service
teachers for implementing in schools [19].

One of the main critical issues for teachers is to discuss with students the effects of students’ behavior
and sustainable practice in the local environment. Other important goals are to learn negotiation,
problem-solving and decision-making skills through discussions about ecological, social, economic and
ethical principles concerning local and global responsibility in their own lives. Through memorable,
experiential and active processes, students learn to discuss their values and to critically select and
evaluate sources of information [20]. It is essential to present biology as action-oriented science
education, where students are engaged in socio-political actions and start making a change [21].
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Torkar [22] reports that Slovene in-service biology teachers under-emphasize the importance of
students’ interactive participation in environmental actions. They have encouraged them to analyze
and discuss problems rather than to empower them to take proactive roles, which would provide them
with the necessary experiences to actively participate in societal change. Participation of youth is a
central feature in the development of citizenship and youth development [23].

Understanding SD and ESD are nowadays one of the critical competencies for future teachers
worldwide [7,24–27]. National strategies for ESD have been developed in the formal education systems
of Austria and Slovenia [28–30]. ESD is increasingly achieving an interdisciplinary role in the curricula
from kindergarten to the university level. SD goals are integrated into biology and other biology-related
subjects at the lower and upper secondary school level in Slovenia and Austria.

From the curricula for biology in Slovenian lower secondary school (8th and 9th grade), SD is
directly mentioned in the 9th grade in the context of biology and society and human impact on
the environment [31]. Sustainability is also mentioned as one of the key goals in science subjects
in the 6th and 7th grade of the lower secondary school [32]. In the Austrian curricula for biology
and environmental education that we investigated, SD is mentioned in all of the four grades of
lower secondary school in the context of humans and health, animals and plants, and ecology
and environment [33]. In upper secondary school, SD is mentioned in the context of ecology and
environment in 10th and 11th grade [34]. These above-mentioned concepts in biology education and
ESD as well as the curricular demands require well-prepared, competent biology teachers. As far as
we know, no previous research has investigated the understanding of sustainability and ESD among
student teachers of biology in Slovenia and Austria. Slovenian researchers have already studied
the SD understanding of preschool teachers [35] and among future primary school teachers [36].
Future primary school teachers (a little more than 40%) connect the term SD with the conservation of
nature and other goods for future generations (Bruntland’s definition of SD), and the most frequent
description of ESD (27% of students) is teaching and informing pupils about environmental pollution
or the importance of a clean environment. Torkar [37] studied students’ views on the acceptability of
their teachers’ value-related statements about sustainability and climate change and results show that
students expect their teachers to promote the concepts of SD.

International network ENSI (Environment and School Initiatives: www.ensi.org) has supported
educational developments, environmental understanding, active approaches to teaching and learning
in the fields of EE and ESD [38]. Austrian researchers report on the desired competences for ESD
in teacher education [26], which were developed in a European cooperation project. There is an
established school and university college network for promoting ESD in the formal education system
in Austria (www.oekolog.at). Heinrich [39] looked at selected students’ perspectives on SD in Austria
within Ökolog and discovered that the school system produces tensions with daily and non-sustainable
routines on the one hand and imperatives about sustainable behavior on the other. Rauch and
Pfaffenwimmer [40] studied this network for innovation in ESD in the school system, and Ucsnik [41]
did so from a political perspective. In international studies, we found more studies among student
teachers and their understanding of sustainability and ESD. Summers et al. [42] analyzed subject
matter knowledge of science teacher trainees regarding SD in the field of geography. Burmeister and
Eilks [7] described the understanding of sustainability and ESD among German student teachers and
trainee teachers of chemistry. The results show that student teachers and trainee teachers of chemistry
show positive attitudes towards ESD in chemistry education but lack clear theory supported concepts
about SD and ESD. The Ceulemans and Eilks article [43] about experienced Flemish chemistry teachers
and their knowledge regarding sustainability was based on the same questionnaire. They report that
experienced Flemish chemistry teachers have limited knowledge about SD and ESD, with the main
sources of knowledge mentioned being the media or other personal information channels and which did
not include school initiatives or further education programs. Palmberg et al. [44] researched teaching
methods in biology education and sustainability education used to promote sustainability. The results
indicate that the most commonly mentioned teaching methods were those in which students worked
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in groups and participated actively in learning processes. Maurer and Bogner [45] researched freshmen
perception of environmental education and ESD. Results show that family, school (especially teachers),
outreach and media are the most important sources of knowledge about EE and ESD.

Therefore, different studies recognized positive attitudes towards concepts of SD and ESD, but also
the lack of theoretical knowledge and interconnections between different aspects of sustainability.
A new political document, global action plan (GAP) [1], has also influenced ESD greatly in the past
three years. Introduction of SDGs as a commonly shared political document also affects ESD. One way
of dealing with this new situation was proposed by Kioupi and Voulvoulis [46], taking the sub-points
of the SDGs as desired endpoints of developments and the different steps in education, which are
necessary for making substantial progress. The three-pillar model of sustainability was pushed
to the background in the discussion, maybe because it was too coarse for everyday politics. As a
different approach, the 17 SDGs with many more sub-indicators take a different approach insofar as
they are very concrete ways to reach each of the aims. Therefore, a great fragmentation of the overall
topic of sustainability took place. For our study, we followed the critique of Kopnina [15], which states
that there are anthropocentric and ecocentric motives in SD, and we therefore take these two positions
as underlying thinking structures into consideration for our study.

2. Research Problem

The study aimed to identify knowledge and understanding about SD and ESD among Slovenian
and Austrian pre-service biology teachers and compare the results between the two countries. We think
a comparative view on two cohorts of biology teacher students in neighboring countries with different
study programs can help to understand commonalities and differences in their knowledge and
understanding. The research also focused on pre-service biology teachers’ willingness to implement
ESD in their future teaching. Moreover, the open answers were analyzed to look for the 17 SDGs and
how they are being covered by the examples given.

3. Materials and Methods

The research was based on descriptive and causal non-experimental research methods.
In this research, qualitative and quantitative methods were used, with quantifying methods in analysis
being used to extract the essence of the qualitative answers. A questionnaire was used to collect data.
Finally, a comparative approach helped us to elaborate conclusions.

3.1. Sample and Settings

Pre-service biology teachers from the University of Ljubljana and the University of Vienna
participated in the research. The first sample was 60 students from the University of Ljubljana,
Faculty of Education, Department of Biology, Chemistry and Home Economics. The second sample
was 60 pre-service biology teachers from the University of Vienna, Centre for Teacher Education.

The study was conducted in May and June 2018. Students completed the anonymous
paper-and-pencil questionnaire in 15 to 20 min. Firstly, the instructions and the general goals
of the research were presented to the students. The sample was non-randomly chosen. From the
University of Ljubljana, more than 80% of future biology teachers from the 3rd and 4th year of bachelor
study and from the 1st year of a master’s course were reached. At the University of Vienna, Centre for
Teacher Education, the same number of future biology teachers represented less than 40% of future
biology teaches from the 3rd and 4th year of a bachelor course and the expiring diploma course
(this was the study program as it existed before the Bologna architecture of bachelor and master
graduation was implemented in the academic year 2014/15).

Student teachers from Slovenia and Austria had different second subjects of study. Slovene students
at the University of Ljubljana studying the two-subject teacher education program can select home
economics or chemistry as the second subject. In the sample, 52% of students chose home economics
and 48% chemistry. At the University of Vienna, the study program for biology teachers is called
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Biology and Environmental Education. Students can choose it in combination with one of 27
other subjects. The combinations were with geography (15%), psychology and philosophy (15%),
German language (13%), home economics (10%), Spanish language (8%), English language (7%),
math (7%), sport (7%), chemistry (5%), French language (5%) and other subjects (8%).

3.2. Instrument

The questionnaire developed by Burmeister and Eilks [7] was used. The questionnaire was
originally developed in the German language and for chemistry teachers. It was slightly modified (one
question was added: “Write 15 words you associate with the term sustainability”) in order to serve for
pre-service biology teachers; moreover, it was translated into Slovenian. The questionnaire included
open questions and closed questions with Likert-scale response options (four levels of agreement).
In the first part of the questionnaire, pre-service teachers answered questions about socio-demographic
information, study program and their level of education. In the second part, students answered
four open questions. In the first question, students wrote 15 words they associated with the term
“sustainability”. In the next two questions, students had to describe and define SD and ESD. The last
question in this set was about the appropriate school subject in which students could best deal with ESD.
The third part of the questionnaire focused on more modern concepts of sustainability: where did
participants hear about the most recent concepts (in universities, in the media, etc.) and where did
participants hear about ESD.

3.3. Data Analysis

All data, as well as the written answers from the paper-pencil questionnaires, were digitized
and translated from the Slovenian and German languages to English. First, the closed questions
were analyzed using the statistical program IBM® SPSS® Statistics version 24 Data obtained from the
questionnaire were processed on the level of descriptive and inferential interfering statistics, using the
following statistical methods: t-test for Independent Samples and a chi-square test were used to
compare the differences between Slovenian and Austrian students’ knowledge and attitudes. The level
of significance is 0.05; the corresponding confidence level is 95%. Secondly, open questions were coded.
Coding is the interpretive process by which data are broken down analytically [47]. Deductive and
inductive coding methods were used. The categories were taken from the Burmester and Eilks’ study [7]
and derived from SDGs literature [1] and finally from the material itself. Some categorizations were later
redefined and added, based on data material and the theoretical framework. For other open questions,
categorizations were created based on the data materials and literature review [15,18,48]. Therefore, we
coarsely grouped the SDGs into those two categories, anthropomorphic and ecocentric, for the analysis.
We are aware that this is only a rough categorization, because the mainly anthropocentric SDG 6
“clean water and sanitation”, which was classified as anthropocentric, includes 6.6 “protect and
restore water-related ecosystems, including mountains, forests, wetlands, rivers, aquifers and lakes”,
a clearly ecocentric goal. An example in reverse would be SDG 14, which was classified as ecocentric,
but includes, for example, 14.4 according to which sustainable production of seafood is the indicator.
Data (associations/words/sentences) with the same meaning were coded together. In our research,
data that appeared less than three times per question were not coded. This represented 2% of all the
answers. The frequency of the codes in each category was calculated as a percentage of the whole
cohort in our study.

4. Results

The following chapters report the current situation on the matter among pre-service biology
teachers in Slovenia and Austria. Results are divided into three main sections: SD and SDGs, sources of
knowledge about SD and ESD. We compare the results of Slovenian and Austrian students in order to
contribute to further development of teacher education programs.
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4.1. Sustainable Development (SD) and SDGs

Data obtained from students’ answers (n = 1104) to the word “sustainability” were coded into the
categories presented in Figure 1. Students strongly linked the term sustainability to environmental
aspects and rarely to economic and social aspects of the concept. They also emphasized the time
issue in relation to sustainability, meaning mainly long-term thinking, the importance of education
for sustainability or simply reproduced the Brundtland’s definition of SD. Some responses are more
frequently mentioned in one of the two cohorts (Appendix A, Table A1). The Slovenian students
mentioned green chemistry, the European Union, home economics and students’ competences.
Meanwhile, the Austrian students gave answers such as ecological footprint, vegan and vegetarian
lifestyle, environmentally friendly, environmental organizations, wildlife conservation, rainforest
protection, local products, seasonal products, agriculture and genetically modified organisms,
global thinking and First World vs. Third World countries. Differences in associations between
the two cohorts could be associated with the curricula, the second subject of study, content knowledge
or the differing influences of the mass media in each country.
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Figure 1. Slovenian (SI) and Austrian (A) students’ associations (n = 1104) with the term “sustainability”
in main categories.

In Table 1, only the most frequent associations are presented (<15 mentions) and classified
according to Figure 2. A few associations (future, sustainable development,) are not classified
because of generality. Maybe due to the study group (all are future biology teachers), the ecocentric
considerations also have some representation in the analyzed data (Table 1).

Table 1. Categorization of students’ answers.

Category Students’ Answers

Egocentrism -

Anthropocentrism consumption, ecolabels, education, energy conservation, future generations,
health, pollution, renewable energy sources, recycling, values, waste management

In between ecocentrism and anthropocentrism ecological footprint, environmental conservation, extinction of species, nature
conservation, organic production, time, water conservation

Ecocentrism biology, environment, nature
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Purely egocentric positions could not be found, but anthropocentrism was dominant.
In this conception, the demands of people are a central motive and natural factors are only used as
resources for human benefit regardless of their value or scarcity. In the transition towards ecocentrism,
human needs are still arguments for acting but with more care about nature or natural resources.
Finally, ecocentrism was also found, where nature and natural resources are protected for themselves,
without a secondary function or effects for human benefits as justification.

Classification of students’ associations with the term sustainability was made in order to illustrate
which SDGs predominate in their understanding of the subject matter (Figure 3). These findings imply
that students’ perception of sustainability has not yet reached the full shift to being actively committed
to the wellbeing of everyone, including the yet unborn, regardless of gender, economic status, race,
religion, age, place of residence, species, etc. as well as the ecocentric positions. The concepts
show mainly human-related thinking, with anthropocentric or transitional thinking (compare to
results above).
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4.2. Education for Sustainable Development (ESD)

Students were asked to explain how they would define/describe ESD. Figure 4 shows that
students had an abstract understanding of ESD, linking it to environmental education and describing
pedagogical approaches (students’ answers are in Appendix A, Table A2).
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Figure 4. Slovenian and Austrian students’ understanding of education for sustainable development (ESD).

Abstract understanding means that students mentioned few ideas about education in relation to
sustainability, and those they did were very general and vague. Exemplary answers were, “Teaching
about ESD, following the trends in education” or “To bring the so-called concepts closer to everyone,
especially in school.” Most of the Slovenian students had an abstract understanding. Second, most
of the students from Slovenia defined ESD as environmental education. Meanwhile, most students
from Austria defined it as a pedagogical approach for teaching about SD. Environmental education
was described as learning about environmental protection and creating environmental awareness.
Exemplary answers were, “Activating awareness and making people aware of problems that affect the
future of our environment” or “Paying attention to environmental impact that is bad for the environment!
Everyone can do something! Ecological Footprints Create awareness!” The pedagogical approach
was defined as teaching methods that were recommended by ESD (e.g., lifelong learning, working
with students’ values and competencies, learning by case studies, etc.). Exemplary answers were,
“Sustainable thinking exists on a holistic level and must include the environment in which the
students live. Therefore, sustainability issues need to be communicated to students on a holistic level.”

Students were asked which school subjects might be best for promoting ESD in school. We divided
subjects into four main categories: natural science subjects (biology, chemistry and physics),
interdisciplinary subjects (geography and home economics), humanities subjects (languages, philosophy
and psychology, history) and others (sport, math).

Figure 5 shows that the participants acknowledged the significant role of natural science subjects.
60% of Slovenian students and 42% of Austrian students preferred natural science subjects. Biology was
the most frequently mentioned subject in both cohorts. In the Slovenian cohort, the second most
mentioned category was interdisciplinary subjects; in first place was home economics and in second
place, geography. In the Austrian cohorts, the second most mentioned subjects were the humanities
subjects, such as languages and psychology. Austrian students more often preferred humanities
subjects compared to the Slovenian ones. This may be connected with their study choice (i.e., more than
70% of Austrian students had chosen an interdisciplinary subject or humanities subject as their second
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subject area). The majority of the participating students mentioned their second study subject as also
appropriate for promoting ESD. Given that the second subject choices of the participating students
were very diverse, it can be argued that ESD can be meaningfully implemented in very different school
subjects and subject areas.
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In Figure 6, it is shown that students from Slovenia and Austria significantly differ regarding
implementation of ESD in upper secondary school (t = 2.450, df = 118, p = 0.016). In this regard,
more Slovenian students (M = 3.70, SD = 0.619) want to implement ESD in upper secondary school
than Austrian students (M = 3.25, SD = 0.895). No statistically significant difference was recorded
between Slovenian and Austrian students’ attitudes to implementing ESD in lower secondary school
(t = 1.233, df = 118, p = 0.220) and their own class (t = 0.875, df = 118, p = 0.383). Students in both
cohorts showed high levels of support for the importance of ESD in society in general as well as in
biology education.
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4.3. Sources of Knowledge about ESD

Students were asked what their main source of knowledge regarding the three pillars of
sustainability was: Brundtland’s definition of sustainability or education for SD. Their responses
reflected the influence of their biology study, second subject of study, educational study
(general didactics, educational psychology, etc.) and other sources external to the university (such
as mass media, social media, personal channels). Students’ reflection on their sources of knowledge
showed differences between Slovenian and Austrian students’ answers (Figures 7 and 8). A Pearson
Chi Square test was conducted to determine the significance of differences between Slovenian and
Austrian students’ sources of knowledge. More than half of the students from both cohorts heard about
the three pillars of sustainability in their biology courses. A statistically significant difference between
the cohorts from biology was found regarding their recall of Brundtland’s definition (χ2 = 10.096,
df = 2, p = 0.006) and ESD (χ2 = 59.200, df = 2, p < 0.001). Approximately 40% of Slovenian students
and 60% of Austrian students remembered Brundtland’s definition from their biology studies.
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In both cohorts, students have courses where they learn about sustainability. For example,
pre-service biology and home economics teachers at the University of Ljubljana attend the compulsory
subjects “Consumer Education” and “Population and Environment”. They can also attend elective
courses such as “Environment and SD”. Austrian students can select among 27 subject areas; more than
70% of those are social science subjects. Some of them, such as geography, include many courses about
sustainability issues; one of them is on the human use of natural resources and human-environment
interactions. Pre-service biology teachers at the University of Vienna attend the compulsory subject
“Cross-sectional Topics in Teaching Biology”, one of the topics of which is “Education for Sustainable
Development”. Austrian students mentioned the biology subject as a main source of knowledge
about ESD, while the second subject was emphasized more in the Slovene cohort. Other sources, such
as mass media, have been found to be an influential channel of information for students.

5. Discussion and Conclusions

This study tried foremost to sketch the actual situation on the knowledge about SD and ESD of
two biology teacher student cohorts in Slovenia and Austria. Through comparison and discussion of
these results, ideas and recommendations for further improvement of teacher education for sustainable
development were developed.

The majority of pre-service biology teachers in Slovenia and Austria similarly perceived SD in
connection with ideas taken from the Brundtland’s concept of SD, i.e., all three aspects of sustainability
and/or inter-generational equitability. Overall, environmental aspects dominate within their perception
and there is much less awareness of the complexity of sustainability issues and even less of social and
intergenerational equity. Moreover, in grouping the associations about the SDGs in a continuum from
egocentric towards ecocentric, we found that most of the thinking about sustainability is done from
an anthropocentric position, which is in line with a critique of the concept addressed by Selby [16]
stating that the perception of nature and the natural world are limited and decidedly anthropocentric
in tone. This is not problematic per se but has to be reflected to enable changing perspectives, which is
an important issue in ESD.

The findings are consistent with findings by Hagevik et al. [50] where they report that primary
school science teachers have a lack of understanding of the interrelations between different approaches to
sustainability. Summers et al. [42] reported quite similar results in their research among English student
teachers of science and geography, and Uitto and Saloranta [51] found similar issues in understanding
of sustainability dimensions among Finnish lower secondary school teachers. They report that
science teachers, especially biology and geography teachers, considered the ecological aspect of
sustainability more than the economic or social ones. This applies to the inclusion of other topics into
sustainability discourses in addition to environmental issues.

A very important result of the present research, which should be further investigated and
elaborated, is the impact of the second study area on pre-service biology teachers’ understanding of
SD and ESD. The second subject of study varies a great deal between Slovenian and Austrian students,
and this may contribute to the differences in the conception of sustainability. Slovenian students
can study biology with either home economics or chemistry. Most of the Austrian students combine
biology studies with one of the social science subjects. The significant difference in teaching in upper
secondary school (Austrian students mentioned this to a lesser degree) might have its basis in the
second subject as well as in the curricula and the prescribed topics. Home economics and chemistry
could be much more clearly linked to sustainability issues than the broad range of subjects in Austria.
Nonetheless, Austrian students reported, like the Slovenian students, that biology studies are their first
source of knowledge. From this result, much more inclusion of SD in all subjects of teacher education
is needed.

When comparing our results to Burmeister and Eilks’ study [7], it must be also pointed out that
Slovene and Austrian students were more able to clearly outline the aims and pedagogy of ESD. In line
with Ceulemans and Eilks’ study [43], most of the answers occurred in the categories of abstract
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understanding and environmental education. This could be a consequence of the UNESCO decade;
the previous studies were conducted during, while this study was carried out after that decade.
Therefore, it is possible that they describe ESD as an approach to education, which includes an
integrative and holistic view linking knowledge and action. There are no major differences between
Slovenian and Austrian pre-service biology teachers. They mostly describe ESD as environmental
education and environmental awareness. Only a few students possessed clear, theory-based concepts
about SD and ESD. Pre-service biology teachers report learning about the concepts of SD and ESD
from courses in biology studies, the second study subject, and from the mass media. For pre-service
biology teachers in Slovenia, the second subject of study (chemistry or home economics) was a more
important source of information about SD and ESD than for their colleagues from Austria. Pre-service
biology teachers from Austria heard more about these concepts in the mass media.

Interestingly, the students mentioned educational studies only to a small degree. Since pedagogy is
a central pillar in the studies of all student teachers of all subjects, we claim that ESD within educational
studies should be strengthened in both countries. This presents the possibility that SD and ESD are not
tied to a subject’s logical structure and would make it a more cross-sectional topic in teacher education.
ESD can be meaningfully implemented in very different school subjects. An interdisciplinary approach
in the development of the curriculum of two-subject teachers would be advantageous because SD and
ESD are cross-curricular topics that should be addressed in the natural sciences, social sciences and
humanities alike. ESD teacher training must be improved and enriched; all sciences and disciplines
should contribute with different perspectives to learning about and for SDGs.

Furthermore, greater emphasis should be given to research on the perception and practice of
SD and ESD among teachers before and during service. These results can serve in the planning of
longitudinal research that focuses on changes in students’ SD and ESD understanding from the first to
the last semester at university. This will provide a better insight into the impact of higher education
programs on students’ understanding of SD and ESD.
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Appendix A

Table A1. Slovenian (SI) and Austrian (A) students’ associations about the term sustainability.

NO Category
Number of Answers

(f SI 1/A 2/T 3)
(f % SI/A/T)

Answers Included in the Category and Their Frequency (f SI/A/T)

1 Ecological
context

(f 277/311/588)
(f % 51/55/53)

More than 30 mentions per associations
recycling (37/38/75), environmental conservation (34/35/69), environment (35/29/64), nature
(16/24/40), nature conservation (21/15/37), renewable energy sources (22/12/34).
30–15 mentions per associations
waste management (15/7/22), pollution (12/8/20), ecolabel (3/12/15), ecological footprint
(0/15/15), water conservation (9/6/15).
15–10 mentions per associations
biology (2/12/14), extinction of species (6/8/14), energy conservation (5/8/13), ecology
(5/6/11), biodiversity (6/4/10), global warming (2/8/10).
10–5 mentions per associations
animals (7/2/9), fossil energy (5/4/9), plastic pollution (2/7/9), reuse (5/4/9), environmental
problems (3/5/8), public transport (5/3/8), vegan and vegetarian (0/8/8), water pollution
(3/5/8), ecological awareness (5/2/7), climate changing (2/5/7), plants (5/2/7), food
self-sufficiency (2/4/6), Earth (5/1/6).
5–3 mentions per associations
CO2 emissions (2/3/5), environmentally friendly (0/4/4), environmental organizations
(0/4/4), green chemistry (4/0/4), rainforest protection (0/4/4), wildlife conservation (0/4/4).
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Table A1. Cont.

NO Category
Number of Answers

(f SI 1/A 2/T 3)
(f % SI/A/T)

Answers Included in the Category and Their Frequency (f SI/A/T)

2 Economical
context

(f 63/86/149)
(f % 12/15/13)

30–15 mentions per associations
consumption (9/8/17).
15–10 mentions per associations
organic production (7/8/15), economy (5/8/13), saving (8/3/11).
10–5 mentions per associations
local products (0/9/9), money (8/1/9), transport (4/5/9), seasonal products (0/8/8), organic
products (5/2/7), energy consumption (4/3/7), globalization (2/5/7), corruption (1/5/6), Fair
trade (2/4/6), industry (5/1/6), technology (2/4/6).
5–3 mentions per associations
agriculture (0/5/5), traffic (1/3/4), GMOs (0/4/4).

3 Social context (f 67/60/127)
(f % 13/11/12)

More than 30 mentions per associations
future generations (17/18/35).
30–15 mentions per associations
health (10/7/17), values (6/11/16).
10–5 mentions per associations
society (3/4/7), human (4/2/6), politics (2/4/6), quality of life (6/0/6), European Union (2/3/5),
responsibility (3/2/5), global thinking (0/5/5).
5–3 mentions per associations
convention (4/0/4), care (3/1/4), awareness (3/1/4), adaptability (4/0/4), first world vs. third
world (0/3/3).

4 Time issues (f 49/44/93)
(f % 9/8/8)

More than 30 mentions per associations
future (20/26/46).
30–15 mentions per associations
time (7/13/20).
15–10 mentions per associations
duration (7/5/12), long-lasting (11/0/11).
5–3 mentions per associations
time limited (4/0/4).

5 Education
issues

(f 38/34/72)
(f % 7/6/7)

30–15 mentions per associations
education (15/9/24).
15–10 mentions per associations
education for sustainable development (3/8/11).
10–5 mentions per associations
science (2/7/9), knowledge (3/4/7), learning (2/4/6), teaching (3/2/5).
5–3 mentions per associations
chemistry (4/0/4), home economics (3/0/3), competences (3/0/3).

6
Bruntland’s
definition of

SD

(f 35/22/57)
(f % 6/4/5)

30–15 mentions per associations
development that meets the needs of the present and future generations (paraphrasing
Bruntland’s definition) (17/12/29), sustainable development (18/10/28).

7 Others (f 13/4/17)
(f % 2/1/2)

5–3 mentions per associations
balance (4/1/5), information (4/0/4), goal (1/3/4), solution (4/0/4).

No answer (f 2/0/2)
(f % 3/0/3) (2/0)

Total answers (f 542/561/1104)
(f % 49/51/100)

1 Slovenian students. 2 Austrian students. 3 All together.

Table A2. Students’ understanding of ESD.

NO Category
Number of Answers

(f SI/A/T)
(f % SI/A/T)

Typical Answers

1 No
understanding

(f 1/3/4)
(f % 2/6/4)

“I do not know.”
“This term does not mean anything to me.”

2 Abstract
understanding

(f 26/16/41)
(f % 45/30/37)

“Teaching about sustainability”
“Build the awareness about sustainability”
“The role of school is to educate for the future.”
“Lessons, so that students can also deal with the concept of sustainability.”
“To bring the so-called concepts closer to everyone, especially in school.”
“To pass on sustainable development in schools - as a task for teachers.”
“Teaching about ESD, following the trends in education.”
“Is the education and teaching towards sustainability”
“Education creates an awareness of the necessity and feasibility of sustainability”
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Table A2. Cont.

NO Category
Number of Answers

(f SI/A/T)
(f % SI/A/T)

Typical Answers

3 Environmental
education

(f 21/12/33)
(f % 36/22/30)

“Environmental education for now and future generation.”
“Education of specialists for ecological research areas.”
“To make pupils aware that their behavior has a significant impact on the environment
and to show them ways to behave sustainably.”
“Activating awareness and making people aware of problems that affect the future of our
environment.”
“To show learners the sustainable use of resources, to motivate them to avoid garbage, e.g.,
to buy ‘second hand’ goods, to replace plastic bags with paper or fabric bags, etc. Making
the consequences of ‘waste’ visible.”
“Paying attention to environmental influences that are bad for the environment! Everyone
can do something! Ecological Footprint — Create awareness!”
“To motivate students to treat the environment in an environmentally friendly and
resource-conserving way.”
“To make students aware that we have only one planet Earth and that we need to use the
given resources in the best possible way.”
“Newly developed technologies/inventions with protection of the environment in mind.”

4
Pedagogical
approach for

ESD

(10/23/33)
(f % 17/43/30)

“Lifelong learning”
“Social and political development/education, rethinking and alternative actions.”
“Learning by case studies”
“Offer seminars, workshops and in-depth discussions on the topic.”
“To teach students values and competences so that they can also become part of
sustainable development.”
“Sustainable thinking lives on a holistic level and must include the world in which the
students live. Therefore, sustainability issues need to be communicated to students on a
holistic level.”
“To demonstrate cross-disciplinary awareness raising and options for action.”
“To raise awareness and knowledge among students at school, but also among the
population through certain public events, in order to enable sustainable development and
the help of people.”
“To educate students/children/people critically, to become critical citizens, to question
everything. e.g., Is Amazon good? No. Many do not know what is behind it.”
“Education that enables learners to develop competences that are preserved throughout
their lives, thus opening up opportunities in many areas of life.”
“To make future generations and/or adults aware of sustainability within the framework of
further training and to show them the possibility of becoming active themselves.”

No answer (f 2/6/8)
(f % 3/10/13)
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