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sustainably. The third group of teachers stood out by
advocating fostering collective action in science educa-
tion. While all teachers agreed on the importance of
promoting foundational scientific knowledge, they also
agreed on excluding politics from science education.
This stance was influenced by internal factors, such as
their perception of science as empirical, their perceived
role as transmitters of scientific knowledge, and a lack
of expertise. In total, 12 out of the 16 teachers who par-
ticipated in our study suggested that subjects such as
history are more suitable for addressing certain ESD
competences. Additionally, external factors, such as the
role of parents and assessments, were cited as potential
reasons to dismiss certain ESD competences in science
education.
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1 | INTRODUCTION

Various stakeholders have been working to integrate sustainability concepts into education, rec-
ognizing the pivotal role education plays in fostering both sustainability and sustainable devel-
opment (Bianchi, 2020; Jickling & Wals, 2008). Scholars and policies concerning education for
sustainable development (ESD) have emphasized the importance of students’ development of
cognitive, socio-emotional, and behavioral competences, agreeing on the need to integrate sus-
tainability issues in education (OECD, 2023; Sund & Gericke, 2021; UNESCO, 2020; Wiek
et al., 2011). However, despite these advancements in policies and the literature, a lack of con-
sensus on the competences to be addressed in ESD has been identified as a barrier that hinders
teachers' ability to enable their students to acquire the necessary competences (Bianchi, 2020;
Redman & Wiek, 2021). Moreover, much of the literature focusing on students' competence
development comes from higher education (Rieckmann, 2012; Wals, 2014). Previous research
findings have also revealed a disconnect between existing theoretical frameworks related to
competences in ESD and teachers’ views (Cebridn & Junyent, 2015). It has been argued that
only highly motivated teachers and teacher-trainers would make the effort to consider frame-
works developed outside their disciplines (Stables & Scott, 2002). It is well-known that any pol-
icy or framework imposed from outside teachers’ own discipline that does not take their views
into account is prone to failure (Borg et al., 2012; Fullan, 2015). Therefore, we aim to contribute
to bridging the gap between the ESD competences elaborated in research and policy documents,
and teachers' views about these competences in the context of secondary school physics, chem-
istry, and biology education.
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Previous research has revealed that even the best-intended professional development efforts
focusing on eliminating barriers that science teachers encounter in implementing changes
based on reform-oriented goals often fail to address their existing views (Johnson, 2006). To
empower secondary school science teachers as successful facilitators of ESD, this study seeks
to identify which competences science teachers consider important for their students to acquire
in their lessons. We believe it is necessary to understand where science teachers stand regarding
the competences identified for learners in policy documents. Understanding these views can
help ensure that educational changes are effectively implemented in practice, because it can aid
science-teacher educators and professional development designers in incorporating science
teachers' views into their programs. In an effort to bridge the gap between policy, research, and
practice, this study aims to answer the following research questions:

« What are secondary school science teachers' views on student competences in ESD?
« On what basis do science teachers prioritize or dismiss these competences in their lessons?

1.1 | Theoretical background
1.1.1 | Education for sustainable development: Policy and research

ESD equips learners of all ages with knowledge, skills, values, and attitudes to promote a sus-
tainable future, emphasizing well-being, social justice, cultural diversity, human development
and the health of the planet (Mula & Tilbury, 2023). Promoted by UNESCO, ESD addresses not
only the cognitive dimension of learning, but also the socio-emotional and behavioral dimen-
sions (UNESCO, 2020). Integrating ESD into certain subjects or creating stand-alone subjects
that address sustainability but remain disconnected from the mainstream curriculum has been
criticized as inadequate for equipping students with the competences needed for ESD (Annan-
Diab & Molinari, 2017). Despite the ongoing development of policy statements and frameworks,
sustainability education has remained limited in science education (Stevenson et al., 2015). To
guide policymakers and educators, a Green School Quality Standard was developed to prepare
learners to be climate-ready by 2030 (UNESCO, 2023). This standard emphasizes students' par-
ticipation in climate action both within and beyond the classroom. Moreover, a whole-school
approach to ESD has been identified as an effective means to transform educational institutions
in the direction of sustainability, with building teachers' capacities as a key element in this
approach (Mathie & Wals, 2022).

In alignment with these objectives, the Organization for Economic Co-operation and Devel-
opment (OECD) considers educational institutions crucial for fostering equitable and sustain-
able societies (OECD, 2023), reflecting the importance of justice-oriented science education as
highlighted in recent literature (Kayumova & Dou, 2022). Moreover, according to the PISA
2025 Science Framework, “a scientifically educated person can engage in reasoned discourse
about science, sustainability and technology to inform action” (OECD, 2023, p. 9). In this
framework, environmental awareness, concern, and agency are considered as key outcomes of
secondary school science education, highlighting the importance of equity, justice, and student
agency in promoting sustainable practices (OECD, 2023). For example, one outcome for second-
ary school students is “A concern for the environment and sustainable living and the issues of
equity and social justice they raise” (OECD, 2023, p. 35).
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Despite the influence of organizations such as UNESCO or the OECD in shaping educa-
tional policy, the extent to which science teachers align themselves with these goals is a subject
for research. Policies often overlook research findings, creating a disconnect between policy and
practice (Fensham, 2009). In the Netherlands, for example, where this study was conducted, the
Foundation for Curriculum Development (SLO) has emphasized integrating sustainability
issues with societal implications in secondary school curricula, highlighting the need to equip
secondary school students not only with knowledge and skills, but also with values and atti-
tudes regarding sustainability (SLO, 2024). However, research set in the Netherlands has rev-
ealed that science teachers struggle with integrating societal issues in their lessons (Harskamp
et al., 2021), and Dutch secondary school students are often not used to discussing dilemmas in
science lessons (van der Leij et al., 2023b). Therefore, while policies regarding curriculum devel-
opment emphasize the importance of integrating sustainability issues in science education,
research findings revealing the barriers teachers and students face are overlooked. Moreover, a
recent study showed that policy experts, practitioners, and scientists in the area of ESD differ in
terms of the importance of certain competences to be addressed in secondary school education
(Giinther et al., 2024). While practitioners and policymakers highlighted the acquisition of
value-related competences by secondary school students, this type of competence was under-
represented among the scientists. This discrepancy highlights the need for bridging the gap
between research, policy, and practice regarding the views held by science teachers and their
reasoning when it comes to student competences in ESD.

The emphasis on ESD in science education is evident in the agendas of professional research
organizations such as the National Association for Research in Science Teaching (NARST) and
European Science Education Research Association (ESERA). NARST's, 2024 conference theme
underscored the importance of equipping all students with the scientific understanding neces-
sary to address sustainability issues, while ESERA highlighted integrating cultural elements in
science teaching (ESERA, 2024; NARST, 2024). This reflects a broader trend in science educa-
tion policy and research: moving beyond merely preparing students to become scientists and
toward embracing the socio-emotional dimensions of science learning. By incorporating social,
cultural, and ethical considerations, this trend acknowledges the need for an interdisciplinary
approach to addressing sustainability issues (Schipper et al., 2021). While contemporary second-
ary school education typically follows a monodisciplinary approach, the urgency of sustainabil-
ity issues requires integrated, interdisciplinary approaches (Ming et al., 2023; van den Beemt
et al., 2020). However, to successfully implement ESD in science education, we need to better
understand the extent to which science teachers' views align with the ESD competences that
require them to adopt an interdisciplinary approach to teaching.

1.1.2 | Student competences in ESD

Up to this point, we have used the term competence (plural: competences) without dis-
tinguishing it from the term competency (plural: competencies). It is important to establish the
distinction and justify our choice to use competence, since these terms are used differently
across various contexts (Vare et al., 2022). According to Hyland (1994), competence often refers
to a broader capacity or overall ability to fulfill roles, whereas competency is more narrowly
used, referring to a specific skill. For this reason, we have adopted the term competence to refer
generally to knowledge, skills, values, and attitudes within the context of ESD. However, it is
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important to stress that a balanced approach that integrates both broad competences and spe-
cific competencies is crucial in educational frameworks.

One major challenge educators face today is empowering individuals to navigate sustain-
ability issues (Wals et al., 2014). For this reason, researchers and teacher education institutions
have collaborated to identify key competences in ESD. For example, UNESCO identified com-
petences for secondary school students (Rieckmann, 2017). However, according to policy
experts in ESD and practitioners of ESD, that framework failed to recognize the competence
concerning the ability of students to engage in politics when it comes to sustainability (Glinther
et al., 2024). The framework developed by the European Commission, on the other hand, pro-
vides a more holistic set of sustainability competences for all learners, namely, the GreenComp
competence framework (Bianchi et al., 2022). According to Bianchi et al. (2022, p. 12), “A sus-
tainability competence empowers learners to embody sustainability values, and embrace com-
plex systems, in order to take or request action that restores and maintains ecosystem health
and enhances justice, generating visions for sustainable futures.” The GreenComp competence
framework was based on a systematic literature review conducted by Bianchi (2020), in which
the most influential literature on ESD competences (i.e., Brundiers et al., 2021; Wiek
et al., 2011, 2016), the OECD Learning Compass for 2030 (OECD, 2019), and pedagogies related
to sustainability (Sipos et al., 2008) were taken into consideration. The framework is regarded
in the literature as having a significant impact on science education curricula and teaching
methods across Europe (Laherto et al., 2023). Therefore, the GreenComp competence frame-
work provides practical guidance for teachers, as it focuses on learners’ acquisition of ESD com-
petences. The competences covered in the GreenComp competence framework are shown in
Table 1.

The GreenComp competence framework consists of 12 competences, grouped into four
areas: “embodying sustainability values” (in orange), “embracing complexity in sustainability”
(in  blue), “envisioning sustainable futures” (in yellow), and “acting for
sustainability” (in green). Each competence area consists of three specific competences. For
instance, under the area of “acting for sustainability” (in green), the competences are political
agency, collective action, and individual initiative. The color-coding is used throughout this man-
uscript to enhance understanding, particularly in the figures and tables in Section 3.

The extent to which science teachers are aware of this framework or agree with
implementing these competences as learning objectives is unknown. Although policies aim to
translate principles into effective classroom practices, they often do not consider subject-specific
contexts, even though research has indicated that policies developed outside teachers' own dis-
ciplines are unlikely to succeed in promoting ESD (Borg et al., 2013). While the frameworks

TABLE 1 GreenComp competence framework (Bianchi et al., 2022).

1. Embodying 2. Embracing complexity 3. Envisioning sustainable 4. Acting for
sustainability values in sustainability futures sustainability

1.1. Valuing 2.1. Systems thinking 3.1. Futures literacy 4.1. Political agency
sustainability

1.2. Supporting fairness  2.2. Critical thinking 3.2. Adaptability 4.2. Collective action
1.3. Promoting nature 2.3. Problem framing 3.3. Exploratory thinking  4.3. Individual initiative
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that aim to facilitate the implementation of ESD call for cross-curricular or multi-disciplinary
approaches, secondary school teachers are trained in a monodisciplinary approach (Stables &
Scott, 2002). Therefore, the implementation of ESD in secondary schools remains challenging
for teachers, despite being on the political agenda. One reason behind this struggle is that poli-
cies do not consider teachers' views, beliefs, and understanding of reform-oriented goals, which
critically influence their uptake of educational changes (Fullan, 2015; Haney et al., 1996;
Spillane, 1999). Teachers' levels of the necessary knowledge and skills alone do not explain why
reform-oriented goals fail in practice (Ryder & Banner, 2013). In other words, it is not only
teachers' knowledge that affects their ability and capacity to facilitate ESD, but also their views,
perceptions, and attitudes (Chen & Xiao, 2021; Jegstad et al., 2018). To successfully translate
policies into classroom practices, we need deeper insight into how teachers perceive these
intended educational changes, such as the implementation of ESD. For effective professional
development and change in practice, science teachers should be provided with opportunities to
share their views and reflect on them, rather than solely having their pedagogical content
knowledge or instructional resources be addressed (Gray & Bryce, 2006; Johnson, 2006; Lee &
Yang, 2019). Before attempting to build the capacities of science teachers as ESD facilitators, it
is crucial to uncover their existing beliefs. These beliefs significantly influence the extent to
which they benefit from professional development and integrate new beliefs into their existing
belief systems (Kilinc et al., 2017).

1.1.3 | Science education and ESD

The literature has identified three visions characterizing the purposes of science education,
where each vision provides the basis for a different orientation for science education that would
develop the students in that direction (Roberts, 2007; Roberts & Bybee, 2014; Sjostrom
et al., 2017). While Vision I focuses mainly on learning about scientific content and its processes
for later application, Vision II focuses on learning that fosters participation in decision-making
by understanding science and its applications (Roberts, 2007; Roberts & Bybee, 2014). Vision
111, on the other hand, incorporates societal science-related issues, including political, economic
and ethical considerations (Sjostrom et al., 2017). Therefore, while Vision II focuses on context-
based science education, Vision III takes it a step further by incorporating value-laden
dilemmas in science education (Sjostrom et al., 2017). Successful implementation of ESD
requires science teachers to adopt Vision II and Vision III. However, research has revealed that
science teachers struggle with implementing the use of societal issues in their classroom
(Harskamp et al., 2021; Jegstad et al., 2018; Karaarslan & Teksoz, 2016; Kinskey &
Zeidler, 2021), especially when it comes to integrating values and ethics (Kim, 2024; Sadler
et al., 2006; Tuncay-Yiiksel et al., 2023; van der Leij et al., 2023a).

One factor contributing to the challenges science teachers face in implementing ESD may
be their teaching approach, which often presents science as a rigid body of theories and rules
(Borg et al., 2012; Bossér et al., 2015; Levinson & Turner, 2002; van Driel et al., 2001). Even
though the importance of argumentation and discussion in science education has been
highlighted in the research (Charro, 2020; Kilinc et al., 2017; Zeidler et al., 2005), science
teachers tend to focus on presenting well-established facts that are widely accepted, and not
subject to debate (Day & Bryce, 2011). They believe that providing students with well-
established scientific information is likely to motivate them to take action for sustainability
(Levinson & Turner, 2002; Sund & Gericke, 2020). Although moral reasoning is considered one
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of the purposes of science education (Roberts & Bybee, 2014; Zeidler & Sadler, 2011, 2023), sci-
ence teachers consider sustainability issues merely as engaging ways to present scientific knowl-
edge (Tidemand & Nielsen, 2016). Traditional science education and its epistemological stance
are founded on conventional disciplinary characteristics such as objectivity and value-free truth,
which are inadequate for addressing the value-laden nature of sustainability issues (Laherto
et al., 2023; Stevenson et al., 2015).

Similar to the positioning of the purposes of science education according to three visions,
recent research has shown that science teachers can be divided into two groups, with signifi-
cantly opposing views on the inclusion of values in science education (Nordqvist &
Jidesjo, 2023). Experienced science teachers are more likely to avoid value-related topics com-
pared to their less experienced counterparts. Once science teachers gain experience and develop
a profound appreciation for the nature of scientific knowledge, they are often more reluctant to
address the controversial aspects inherent in sustainability issues (Witz & Lee, 2009). This sug-
gests that a deeper shift in epistemic beliefs may be necessary for science teachers to become
successful facilitators of ESD (Day & Bryce, 2011; Lee & Yang, 2019; Zeidler et al., 2011).

Despite teacher education for ESD being considered as an emerging research field (Fischer
et al., 2022), there is still a significant gap in addressing what science teachers perceive to be
important when facilitating ESD. A study conducted in Sweden revealed that science teachers'
content choices when implementing ESD differed based on what they perceived as important
for their students (Forsler et al., 2024). While some science teachers found it important to stim-
ulate students to act at an individual level and in global cooperation, others focused on students'
decision-making on democratic issues in their science lessons. This indicates that science
teachers' views significantly impact their teaching practices for sustainability. Additionally,
among other factors such as teachers' gender, age, or type of school they work at, the literature
has revealed that teachers' subject area is the most important factor explaining their contribu-
tion to ESD (Uitto & Saloranta, 2017).

Implementing sustainability issues and addressing ESD requires teachers to adopt interdisci-
plinary thinking, personal values, and ethical considerations (Zeidler et al., 2019). However, a
longitudinal study on the impact of teachers’ professional development reported that teachers
have low self-efficacy in dealing with economic, political, and international aspects of sustain-
ability issues (Boeve-de Pauw et al., 2022). Science teachers often do not feel confident dis-
cussing the controversial aspects involved in sustainability issues (Chen & Xiao, 2021). Science
education curricula are dominated by cognitive science categories, such as scientific practices
and scientific knowledge, whereas social-institutional categories such as social values and politi-
cal power structures are hardly ever present (Kaya et al., 2024). Moreover, science education
curricula and textbooks often fail to incorporate a political perspective on sustainability issues
(Dunlop et al., 2024).

2 | METHOD

2.1 | Research design

This study aims to explore secondary school science teachers' views on student competences in
ESD, and the basis on which science teachers prioritize or dismiss these competences in their

lessons. To answer our research questions, this study uses Q methodology, which enables
researchers to study a person's viewpoints, opinions, beliefs, attitudes, and the like
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(Brown, 1996). Q methodology has been identified as an emerging method in educational
research to sort out subjectivity (Lundberg et al., 2020). While it combines both qualitative and
quantitative research techniques, Q methodology aims at clustering the participants based on
their standpoints rather than aiming at reaching a statistical representation of the target group.
This method explores how participants' perspectives about the phenomenon being studied vary,
or the level of agreement across them.

Given the exploratory nature of our research questions, Q methodology offers an effective
research design to capture science teachers' views on student competences in ESD. Although
the literature has identified three visions characterizing the purposes of science education
(Roberts, 2007; Roberts & Bybee, 2014; Sjostrom et al., 2017), it remains unclear on what basis
science teachers prioritize or dismiss specific student competences in ESD. Following Q meth-
odology, we asked our teacher participants to rank-order the relative importance of statements
based on the GreenComp competence framework, rather than rating each statement indepen-
dently. This forced-choice aspect of Q methodology compelled participants to make relative
comparisons among the statements, allowing us to explore science teachers' underlying priori-
ties and uncover distinct viewpoints. Despite our small sample size of 16 science teachers in the
Netherlands, the by-person factor analysis in Q methodology enabled us to examine the degree
of alignment in participants’ views, revealing areas of consensus and controversy among
teachers' views.

2.2 | Q-set design and content

The data collection instruments used in Q methodology consist of a set of statements, called a
Q set. All Q-methodological studies require data collection in the form of Q sorts, where the
participants are asked to rank-order the statements into a quasi-normal distribution, from most
agree to most disagree. It is different from most other methods, since it requires the participants
to rank a set of statements relative to one another (Watts & Stenner, 2012). Most of the time,
the Q-sort activity is followed up by a semi-structured interview where participants are asked to
elaborate on their ranking for the statements they agree and disagree with most strongly.
Instead of capturing participants’ views by using the individual statements, Q methodology
allows the researchers to capture a holistic overview and the relationships between the state-
ments. This holism of Q methodology is considered as one of its strongest characteristics when
it comes to studying participants’ views (Watts & Stenner, 2012). Through sorting the state-
ments, each participant provides a model of their viewpoint on the issue under study. The sub-
sequent intercorrelation and by-person factor analysis of each participant's Q sort allow the
researchers to identify existing views on the phenomenon being studied.

Our Q set consisted of 36 statements grounded in the GreenComp competence framework
developed by the European Commission (Bianchi et al., 2022). To comprehensively capture the
essence of the GreenComp competence framework in our Q set, we developed three statements
for each of the 12 competences, spanning the knowledge, skill, and attitude dimensions, a total
of 36 statements. Our Q set is shown in Table 4 in Section 3.

The development of our Q set involved two test-runs aimed at refining the statements for
clarity and relevance. These test-runs were conducted to ensure that the statements aligned
with the competences outlined in the framework and were easily understandable by our target
participants: secondary school science teachers, many of whom were presumed to be non-native
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English speakers, given the study's context in the Netherlands. It is important to note that our
Q set was presented in English to all participants.

The first test-run involved discussions with seven PhD candidates in educational sciences.
The PhD candidates varied in terms of their experience in educational sciences, from 1 to
30 years, 11 years of experience on average. This consultation involved comparing each state-
ment with the corresponding competence in the GreenComp competence framework to ensure
alignment. As a result, modifications were made to enhance understanding. For example,
knowledge-related statements were revised to begin with “knows...” and skill-related statements
with “can...,” resembling learning objectives recognizable to secondary school teachers.

In the second test-run, four secondary school science teachers engaged in the Q-sort activity
and post-sorting interview. Two of the teachers taught biology, one physics, and one chemistry,
with teaching experience ranging from 2 to 27 years. They were initially asked to sort the
36 statements as agree, disagree, or neutral, indicating whether they viewed the competence
addressed in each statement as important to implement in their lessons to facilitate student
acquisition of it. Following this sorting activity, they were asked to rank the statements based
on their level of agreement into a forced, quasi-normal distribution grid, shown in Figure 1. In
this grid, the statements can be positioned according to the rankings, ranging from —5 to +5
horizontally, with +5 indicating the strongest agreement with a statement, —5 indicating the
strongest disagreement, and 0 denoting neutrality. Notably, vertical positioning in the grid does
not imply a hierarchy.

During this pilot study, we observed that teachers tended to group statements together
based on similar terminology used in their wording. To address this, we revised the statements
to avoid using comparable terms, ensuring that teachers did not perceive them as having simi-
lar meanings and thus ranked them close together. Furthermore, this pilot study informed us
about the approximate duration of both the Q sort and the post-sorting interview, aiding our
preparation before recruiting actual participants for the study.

=5 —4 =3 -2 -1 0 +1 +2 +3 +4 +5
disagree agree
most most

FIGURE 1 Distribution grid used for the study.
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2.3 | Participants

Secondary school science teachers from the authors' network participated in this study between
September and December 2023. Sixteen secondary school teachers whose main subject was

physics, chemistry, or biology took part in this study. Demographic data for the participating
teachers can be seen in Table 2 below.

TABLE 2 Demographic data for the participating teachers.

Upper/lower

Teacher Main Year of Age secondary

No. subject Other subject(s) experience (years) School type education

1 Physics Nature, life and 1 56 Dutch Upper
technology

2 Physics Sports 5 27 Bilingual Both

3 Physics - 8 29 Dutch Lower

4 Physics Chemistry 10 31 Bilingual Lower

5 Physics - 18 44 International Upper

6 Chemistry - 11 56 Dutch Both

7 Chemistry History 12 32 Dutch Both

8 Chemistry  Biology 13 42 International Both

9 Chemistry - 15 39 Dutch Upper

10 Chemistry - 17 54 Dutch Upper

11 Chemistry - 20 53 International Upper

12 Biology Big history 2 38 Bilingual Upper

13 Biology Environmental 4 27 International Upper
systems and societies,
geography

14 Biology Global perspectives, 9 46 Bilingual Both
sciences

15 Biology Environmental 18 47 International Upper
systems and societies

16 Biology Environmental 21 45 International Both
systems and societies,
sciences

Note: School types are classified into three: Dutch schools follow the Dutch education system in Dutch language, bilingual
schools follow the same system with some classes in English language, and international schools follow the International
Baccalaureate curriculum.

We identified the type of school at which each of our participating teachers taught in
Table 2 based on three different school types. Dutch schools follow the Dutch education system
and deliver their curriculum entirely in the Dutch language, while bilingual schools follow the
same system but offer some classes in English language. In contrast, international schools pro-
vide education in the English language, following the International Baccalaureate
(IB) curriculum. As shown in Table 2, some of our participating teachers taught other subjects
besides teaching physics, chemistry, or biology as their main subject. For example, Big History
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and Global Perspectives are interdisciplinary subjects offered at bilingual schools in the
Netherlands, integrating various fields such as geology, biology, and history to encourage stu-
dents to think critically about global issues and understand their complexities. Nature, Life, and
Technology (translated from the Dutch) is another interdisciplinary subject offered at Dutch
schools, combining elements from the sciences, mathematics, and technology. Environmental
Systems and Societies is also an interdisciplinary subject that integrates the sciences and
humanities offered as part of the IB curriculum. We consider our inclusive approach that
involves physics, chemistry, or biology teachers working at different types of schools, with some
also teaching additional subjects, to be effective for capturing a broader range of views, particu-
larly given the exploratory nature of our study.

2.4 | Data analysis: Administering the Q sort

We used paper version of the statements and the distribution grid shown in Figure 1 for the
Q-sort activity. Prior to sorting, the participants were introduced to the GreenComp competence
framework and the quasi-normal distribution grid. They were asked to think aloud while
sorting and ranking, which allowed the researcher to capture their thinking and reasoning
through audio-recording. They were informed that the researcher would remain silent during
the Q sort, taking notes only for clarification during the post-sorting interview. This approach
allowed participants to interpret statements independently. Additionally, showing them the
post-sorting interview questions beforehand enabled participants to elaborate on their reasons
while ranking, reducing the time needed for the interviews.

The participants were asked to rank-order the statements using the forced-choice, quasi-
normal, and symmetrical distribution grid shown in Figure 1. They were asked to rank their
level of agreement with the importance of the competence addressed in each statement from
their standpoint as a science teacher, considering the main subject they teach. Agreeing with a
statement meant that “I agree that it is important for my students to acquire this competence
through my teaching of physics, chemistry, or biology.” The sorting and ranking activity, which
lasted approximately 30 minutes, was followed up by a semi-structured interview, also taking
approximately 30 minutes. The semi-structured interview questions, such as “Why do you think
this [the one ranked at +5] is the most important competence?”, aimed to capture participants’
rationales for their agreement or disagreement with the importance of the competences men-
tioned in the statements ranked at the extremes. It is important to note that the interviews took
place in English, with participants occasionally using Dutch words. In such cases, they were
prompted to clarify the meaning of these words.

2.5 | Statistical analysis

Statistical analysis in Q methodology consists of three methodological transitions. These transi-
tions are detailed in the following sections.

2.5.1 | From Q sorts to factors

A total of 16 Q sorts were entered manually in an Excel sheet. The data were later interco-
rrelated and factor-analyzed using a dedicated software package called Ken-Q Analysis Desktop
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Edition (KADE), version 1.2.1 (Banasick, 2019). Seven factors were extracted using centroid fac-
tor analysis (Brown, 1980), and we chose to keep the first three factors for factor rotation. At
this stage, we followed the Kaiser-Guttman criterion (Guttman, 1954; Kaiser, 1960) and looked
at the eigenvalues of each factor. According to this criterion, factors having eigenvalues lower
than 1.00 account for less variance in the dataset than a single Q-sort. For this reason, we kept
the first three factors for rotation, which had eigenvalues of 5.25, 1.26, and 1.18, respectively,
cumulatively explaining 48% of the variance. All the other factors extracted using centroid fac-
tor analysis had eigenvalues less than 0.80, according to KADE software.

After deciding to keep the first three factors for rotation, we used both varimax and judg-
mental rotation, where participants’ loadings on a factor are considered to be defined automati-
cally by the software based on the similarities in their sorting patterns. For example, as a result
of factor rotation, nine teachers loaded significantly on a single factor, meaning that compared
to other teachers, their sortings of 36 statements were statistically similar. Therefore, loading
together on a particular factor suggests they have remarkably similar views relative to the phe-
nomenon studied (Watts & Stenner, 2012).

2.5.2 | From factors to factor arrays

While a factor in Q methodology represents a cluster of participants with shared viewpoints, a fac-
tor array is a hypothetical Q-sort that represents the viewpoint reflected in a specific factor
(Watts & Stenner, 2012). A factor array shows how a hypothetical participant would have ranked
all of the statements to represent a factor. Even though each participant has a unique Q-sort,
when they load significantly on a factor, they exemplify the views captured in that factor, show-
casing similar views within the identified theme. By using the KADE software, we grouped the Q
sorts of teachers who loaded significantly on a factor to form a single, prototype Q-sort for each
factor, called a factor array. Each factor array is generated with higher loading exemplars being
given more weight in the process, since they better exemplify the factor. To illustrate, the Q sorts
from the nine teachers who loaded on a single factor were merged via the software, which created
a prototype Q sort representing the views captured in that factor, namely, Factor 1.

2.5.3 | From factor arrays to factor interpretations

The aim of factor interpretation is to understand and explain the views captured by the factor
arrays. For this, we first looked at how each factor array's views were positioned across the four
GreenComp competence areas. We had nine statements for each GreenComp competence area.
Therefore, looking at the sum of the levels of importance attributed to these nine statements
allowed us to present our data in a radar chart, shown in Section 3. This visualization allowed
us to compare the views in the factor arrays to gain insights into differences and similarities
before we analyzed the views captured in each factor array in depth.

We then continued our analysis with a within-factor interpretation by examining the
highest- and lowest-ranked statements within each factor array. We refer to these as statements
ranked at extremes, with +5, +4, +3 as the highest-ranked statements, and —3, —4, —5 as the
lowest-ranked. Looking at the statements ranked at extremes is a step toward within-factor
interpretation in Q methodology, because these statements' rankings deviate most from the dis-
tribution mean (Watts & Stenner, 2012).
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However, it is not always the statements that are ranked at extremes that define a factor
array's views. For this reason, we analyzed the statements that were ranked significantly differ-
ently in the factor arrays. Statements are considered as distinguishing statements if the rankings
given to these statements by participants who loaded on a particular factor differed significantly
from the rankings given by all participants who loaded on the other factors (Watts &
Stenner, 2012). For our study, we considered statements as distinguishing with p <0.01.

Furthermore, we used the post-sorting interviews to assist our factor interpretation. We used
the comments made by the teachers while sorting and their responses to the semi-structured
interview questions, which were transcribed verbatim. Analyzing the statements ranked at
extremes, the distinguishing statements and the post-sorting interviews allowed us to capture
the existing viewpoints of teachers within each factor array in depth.

Our analysis was further enriched with cross-factor interpretation, aiming to capture char-
acteristic statements for each factor array and their overlap. In this way, we were able to iden-
tify the areas of consensus and disagreement between and among the factor arrays. Finally, we
assigned names to each factor array to effectively communicate the core viewpoints captured
within each factor array. Naming factor arrays are considered to provide them with a distinct
identity in Q methodology (Watts & Stenner, 2012, p. 160). We used these names as titles to pre-
sent our findings for each factor array in Section 3.

3 | RESULTS

Our data revealed three factors. Factor loadings were calculated via KADE software according
to how similar each teacher's sorting was compared to the others. Table 3 shows factor loadings
for our 16 participating teachers. Nine teachers loaded significantly on one factor, Factor 1. The
loadings of these nine teachers on Factor 2 or Factor 3 were non-significant, meaning that their
views were indeed well-grouped within Factor 1. To highlight the defining loadings, we used
three shades of blue as color-coding in Table 3, based on which factor each teacher significantly
loaded on. Our second factor, Factor 2, had four teachers who loaded significantly, while the
third factor, Factor 3, had three teachers.

TABLE 3 Teachers' factor loadings and contextual characteristics.

Factor loadings

Factor 1 Factor 2 Factor 3 Subject School type Teacher no.
0.831* 0.196 —0.029 Chemistry Dutch 9

0.793* 0.192 0.214 Biology+ International 15

0.778* 0.215 —0.045 Physics International 5

0.740%* —0.226 0.028 Chemistry Dutch 10

0.681* 0.163 0.194 Chemistry Dutch 8

0.599* 0.186 —0.264 Chemistry Dutch 6

0.509* 0.389 0.119 Biology+ Bilingual 12

0.466* 0.018 0.077 Chemistry+ Dutch 7

0.363* 0.329 —0.027 Physics+ Dutch 1

(Continues)
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TABLE 3 (Continued)

Factor loadings

Factor 1 Factor 2 Factor 3 Subject School type Teacher no.
0.298 0.579* —0.202 Chemistry International 11

0.527 0.563* 0.014 Biology+ Bilingual 14

0.396 0.554* 0.379 Biology-+ International 13

—0.132 0.488* 0.450 Biology+ International 16

0.305 —0.018 0.583* Physics Dutch 3

—0.002 —0.302 0.504* Physics+ Bilingual

0.086 0.308 0.343* Physics+ Bilingual 4

Note: Defining factor loadings are shown by an asterisk (*). Teachers who taught more than one subject are indicated by a plus
(+) after their main subject.

According to Table 3, the majority of the teachers who loaded significantly on Factor 1 were
chemistry teachers working at Dutch secondary schools. In contrast, none of the teachers who
significantly loaded on Factor 2 worked at a regular Dutch secondary school. They worked
either at an international or bilingual school. Moreover, three of the four teachers who loaded
on this factor taught biology as their main subject, and at least one other subject that was inter-
disciplinary. Finally, just three physics teachers loaded significantly on Factor 3.

As a result of identifying the exemplar teachers for each factor, prototype Q-sorts, also
referred to as factor arrays, were generated via the dedicated KADE software. The result is pres-
ented in Table 4, where the Q set used in this study is shown together with the rankings for
each factor array on the right-hand side of the table.

TABLE 4 Q setused in this study and the prototype Q-sort values for each factor array.

Factors
Statements 1 2 3
Embodying 01 Knows their own sustainability values. -1 -1 +3
sustainability values 5 cap identify and compare different sustainability values. 0 +1 0
03 Acts in line with own sustainability values. -2 -1 -2
04 Knows that ethical concepts and justice for current and -3 42 —4
future generations are related.
05 Can apply equity and justice to evaluate how current -3 -3 -5
practices affect future generations.
06 Acknowledges the impact of own behavior on others and -2 43 -3
future generations to act accordingly.
07 Knows that our well-being, health, and security depend -1 +5 0
on the well-being of nature.
08 Can assess one's own impact on nature. +1 0 +2
09 Values the quality of nature. +1 +3 -1
Sub-score -10 49 -10
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TABLE 4 (Continued)

Factors
Statements 1 2 3
Embracing 10 Knows how different elements and their interactions form +4 +1 0
complexity in a system.
sustainability 11  Can describe connections and interactions in a complex +3 0 +1
system.
12 Acknowledges the connections and interactions between +2 +2 -3
natural events and human actions.
13 Knows sustainability claims need to be supported by +4 14 0
evidence.
14  Can evaluate information and arguments. +5 +4 42
15 Develops a critical attitude toward claims. +3  +1  +2
16 Knows that sustainability problems are often complex. +3 -2 =2
17 Can identify appropriate approaches toward solving +1  +1  +1
sustainability problems.
18 Listens actively and shows empathy to frame -1 -1 -1
sustainability challenges.
Sub-score +24  +10 0
Envisioning 19 Knows the difference between expected, preferred, and +1 0o -1
sustainable futures alternative futures for sustainability scenarios.
20 Can identify steps that lead to a more sustainable future. 0 0 +2
21 Iswilling to consider alternative future scenarios. -1 0 0
22 Knows that some sustainability problems come with 0o -2 =2
uncertainty and risk.
23 Can cope with uncertainty of wicked sustainability 0o -3 0
problems.
24 Is open to alternative solutions in the face of uncertainty. +1 -1 +3
25 Knows that sustainability problems must be tackled by +2 43 =2
combining different disciplines.
26 Can think creatively, generating different ideas for +2 42 +5
sustainability.
27 Is willing to explore new ideas for sustainability. +2 41 -1
Sub-score +7 0o +4
Acting for 28 Knows about political decisions concerning sustainability. -3 -4 -4
sustainability 29 Can critically reflect on political responsibility and -4 -5 -1
accountability for a sustainable future.
30 Encourages effective policies for sustainability. -4 -3 =3
31 Knows how to work with others to promote sustainable -2 -1 +4
practices.
32 Can build a coalition to address sustainability problems. -5 -4 41
33 Iswilling to engage with others to challenge the status -2 -2 14
quo.
(Continues)
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TABLE 4 (Continued)

Factors
Statements 1 2 3
34 Knows one's own potential to contribute to sustainability. 0 42
35 Can reflect on daily habits with respect to sustainability. 0 -2 43
36 Iswilling to change personal behavior that affects -1 0 +1
sustainability.
Sub-score —21 -19 +6

Note: Positive numbers indicate strength of agreement, whereas negative numbers indicate strength of disagreement, from +5
to —5, 0 denoting neutrality.

Table 4 shows the rank associated with each statement in each factor array, the prototype Q
sorts. For example, Statement 1 was ranked at —1 in the first-factor array, meaning that even
though each participant who loaded on this Factor 1 might have had a different ranking of this
statement, when grouping the factor exemplars, the ranking was at —1. The rankings of the
statements covering the GreenComp competence area of “embodying sustainability values”
were at —1, 0, —2, —3, —3, —2, —1, +1, +1 in the first-factor array. In that case, the sum of the
rankings for “embodying sustainability values” was —10. We interpreted this as the sub-score
for this competence area, which shows the relative level of importance attributed to “embody-
ing sustainability values” in the first-factor array.

Looking at the sub-scores for each GreenComp competence area informed the creation of
the radar chart shown in Figure 2. This figure allowed us to grasp the positioning of the three-
factor arrays in relation to the importance they attributed to the four competence areas identi-
fied in the GreenComp competence framework. Each factor array's position indicates its overall
stance on the importance of the statements that covered these four GreenComp areas.

Embodying Sustainability
Values

o

Embracing Complexity in

Acting for Sustainability Sustainability

Envisioning Sustainable
Futures

e Factor 1 m— Factor 2 m— Factor 3

FIGURE 2 Three factor arrays and their positioning according to the GreenComp competence areas.
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With regard to the particular factor arrays, Factor 1 is distinguished in this figure from the
other two factors by the notable emphasis on statements related to “embracing complexity in
sustainability,” resulting in the highest sub-score within this competence area. This means that
teachers loading significantly on Factor 1 advocated embracing complexity when it comes to
implementing competences in ESD. Looking at how Factor 2 is positioned revealed that it
stands out thanks to an emphasis on statements associated with “embodying sustainability
values.” When we looked at the competence area of “acting for sustainability,” we saw that
teachers loading significantly on Factor 3 assigned more importance to this competence area
compared to the other factor arrays. In the case of “envisioning sustainable futures,” the factor
arrays are positioned closer to one another compared to their positioning in other areas. While
this figure allowed us to capture the views of the three factor arrays holistically, the next
section explores the views of each factor array in depth. In this section, we use abbreviated
notation to refer to a statement; for example, “S1” refers to Statement 1.

3.1 | Factor 1: Promoting evidence-based instruction without
political, ethical, or value-laden dilemmas

This factor was the most dominant group with nine teachers, and explained 28% of the variance in
the dataset. It consisted of five chemistry, two biology, and two physics teachers. The majority of
the teachers (6 out of 9) who loaded on this factor worked at Dutch secondary schools. The highest-
ranked statements in this factor array shown in Figure 3 revealed that the most crucial compe-
tences were critical thinking (S13, S14, S15), system thinking (S10, S11), and problem framing (S16).
The statements shown in this figure are all color-coded in blue, meaning that they belong to the
GreenComp competence area of “embracing complexity in sustainability,” indicating this factor
array's alignment with that competence area. Additionally, Statement 10 and Statement 11 have an
asterisk, meaning that the ranking of these two statements distinguished this factor array's views
from the others. Therefore, this factor array stands out due to the importance attributed to system
thinking by the teachers who loaded on this factor.

Embodying sustainability values
Embracing complexity in sustainability
Envisioning sustainable futures

Acting for sustainability

15. Develops a critical
attitude towards claims.

16*. Knows that
sustainability problems are
often complex.

13. Knows sustainability
claims need to be supported
by evidence.

11*. Can describe
connections and interactions
in a complex system.

10*. Knows how different
elements and their
interactions form a system.

14. Can evaluate information
and arguments.

+3

+4

+5

agree
most

FIGURE 3 Highest-ranked statements by Factor 1, where distinguishing statements are shown by an asterisk.
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In this factor array, the most important ESD competence for learners to acquire in science
lessons was to be able to evaluate information and arguments (S14). Teachers who loaded on
this factor recognized the importance of fact-checking and supporting claims by evidence when
it comes to sustainability issues. They emphasized critical thinking as intrinsic to science educa-
tion, captured during the interviews when Teacher 15 stated that “science is evidence-based”
and Teacher 9 expressed that supporting claims with evidence is “the approach of science.”
According to Teacher 9, acquiring critical thinking and system thinking competences results in
students developing their values and acting on them. He referred to competences addressed in
“embodying sustainability values” and “acting for sustainability” as side-goals, which might
happen as a result of developing critical thinking and system thinking.

Yeah, bijvangst [Dutch word referring to a byproduct], not the main goal, but some-
thing that emerges from what I have on the ride. ...I think when you develop the
critical attitudes toward claims and sustainability claims need to be supported by
evidence, when we teach our children these, the willingness to change and acting
in line with your own values can be a side effect.

(Teacher 9, Chemistry)

Even though critical thinking was the most important competence in this factor array, what
distinguished this view from other factor arrays was the importance attributed to system think-
ing. In this factor array, the importance of knowing how different elements and interactions
form a system (S10) was emphasized. According to the teachers who loaded on this factor,
equipping learners with the skill to be able to describe connections and interactions in a com-
plex system (S11) is important in science education for implementing sustainability. Teacher
10 hoped that acquiring system thinking competences would naturally result in valuing sustain-
ability as a competence, similar to how Teacher 9 associated this development with the acquisi-
tion of critical thinking.

Describing connections and interactions in a complex system, knowing different
elements and their interactions. I think that is the most important thing for chemis-
try. ...Knowing their own sustainability values and stuff is the least important. Well,
it is important, but not for chemistry teaching. I hope that if you teach them about
ideas and systems, this will follow, you know, naturally.

(Teacher 10, Chemistry)

The ranking of Statement 16 also distinguished this factor array's view. The importance of
understanding the complexity of sustainability issues was highlighted in this factor array.
According to Teacher 6, concepts in chemistry are often approached with a binary mindset by
students — as being right or wrong. However, when dealing with sustainability problems, such
a perspective falls short, and students are required to adopt different viewpoints due to the com-
plexity involved in sustainability issues. Therefore, problem framing and system thinking were
highlighted as essential skills for navigating these complexities.

In general, pupils in my class think that there is truth and untruth, there is a yes
and no, there is a right answer and wrong answer. When you want to solve a prob-
lem, you start here, and you end up there. There are a lot of problems that are not
linear, but sustainability is not even nonlinear, but complex in many ways. So, I
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think that it is quite important to know that there are problems that are kind of
unsolvable, nonlinear, multidisciplinary.
(Teacher 6, Chemistry)

The lowest-ranked statements in this factor array are displayed in Figure 4. These state-
ments related to two GreenComp areas: “acting for sustainability” and “envisioning sustainable
futures,” which have the color codes of green and orange, respectively. As shown in Figure 4, in
this factor array, the least importance was attributed to collective action (S32), political agency
(S28, S29, S30), and supporting fairness (S4, S5).

Embodying sustainability values
Embracing complexity in sustainability
Envisioning sustainable futures

Acting for sustainability

28. Knows about political
decisions concerning
sustainability.

29. Can critically reflect on 5. Can apply equity and

political responsibility and justice to evaluate how
accountability for a current practices affect future
sustainable future. generations.
: o 4. Kn, hat ethical
32. Can build a coalition to . oW tak elilica
R 30. Encourages effective concepts and justice for
address sustainability = S
policies for sustainability. current and future
problems. .
generations are related.
-5 -4 -3
disagree
most

FIGURE 4 Lowest-ranked statements by Factor 1.

All three statements covering political agency were ranked among the most disagreed with,
indicating that there was little to no emphasis on political agency in science education in this
factor array. For example, acquiring knowledge about sustainability-related political decisions
(S28) was considered a low-priority competence in science education. Teacher 8 thought that
for students to acquire the competence to encourage effective policies for sustainability (S30),
the teacher should dictate what is right or wrong to do. However, he disagreed with the idea of
teachers imposing their own opinions onto students. He referred to this as “playing God.” Con-
sequently, he advocated that chemistry education should be neutral when it comes to political
agency. He felt that he is responsible for providing the students with what information there is,
and it is up to the students to form their own views. Otherwise, he would feel as if he were
pushing a certain narrative.

..but then again, I am not God, so I am not the one to say what is right or wrong in
this. This is more of a political question and for me, chemistry should be apolitical. ...
For me personally I feel like I have to give the students the information there is, but
it is up to them to form their own opinions with that. So, pushing a certain narrative,
yeah, that does not sit well with me, that is the same for any political statement.
(Teacher 8, Chemistry)
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Teacher 9, however, held a different perspective on excluding political agency from the sci-
ence classroom. He expressed a lack of confidence in addressing this competence, going so far
as to exaggerate by suggesting he would devote only one sentence to it over 3 or 4 years of
chemistry education. Alternatively, he suggested that mentors or other subjects could take on
the responsibility of facilitating the acquisition of political agency.

I do not feel confident about teaching my students about politics. ...There is a role
for the mentor or maybe in subjects like History, or Maatschappijleer [subject in
Dutch secondary school education addressing civic education], but in my chemistry
education, no. I think in the 3 or 4 years that they have the subject Chemistry, I
can spend one sentence on it, and that is enough.

(Teacher 9, Chemistry)

Teacher 6 shared the view that other subjects might be more appropriate for addressing
political agency. He said that collaboration between chemistry teachers and teachers of philoso-
phy would make it possible to establish connections between chemistry and the political dimen-
sions of sustainability issues. According to him, without such collaboration, implementing this
competence is not feasible.

I find it hard to make connections with chemistry, they are political or philosophi-
cal. But of course, there are political and philosophical things in chemistry. And it
would be nice for chemistry to work together with philosophy, and then we could
pay attention to this, but first we should work together.

(Teacher 6, Chemistry)

Even though teachers who loaded on this factor differed in terms of their reasoning
when it comes to leaving politics out of science education, there was a consensus among
them that the primary focus in science education should remain on foundational scientific
knowledge. Teacher 5, for example, reasoned that he is not the right person to address polit-
ical agency.

I am not the right person to do that because I do not have the pedagogical content
knowledge for that, pedagogical content knowledge for moral education. And I am
also not current enough, as in, I do not have time to stay current with the latest
developments, for example, in the political realm.

(Teacher 5, Physics)

Teacher 10 preferred to avoid classroom discussions regarding politics because she did not
feel well-equipped to navigate discourse that could involve managing students’ emotions. She
recognized the relevance of addressing societal issues such as the nitrogen crisis in the
Netherlands within chemistry education. However, she hesitated to integrate such topics into
her lessons, particularly when teaching about the nitrogen cycle, due to politics. Aware of the
potential heightened tensions, Teacher 10 chose to maintain a neutral stance in her teaching
approach when it comes to societal issues.

I want to teach them about the nitrogen cycle and about approaches, but I do not
go into the politics of that subject because it will take a lot of time in the classroom,
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and with a lot of emotions, because of course we have people who live next door to
the farmers, where they have a continuous smell of the pig farm, ...and they are
neighbors and they sit in my classroom. It is a difficult discussion, and I am not
equipped to handle all those emotions. There are too many emotions, I just teach
chemistry.

(Teacher 10, Chemistry)

The other two lowest-ranked statements shown in Figure 4 are Statement 4 and Statement
5. These statements cover the competence of supporting fairness. Teachers who loaded on this
factor argued that concepts of equity and justice are less important to implement in science edu-
cation. Just as science teachers had different reasons for dismissing political agency, they also
had varied reasons for ranking the statements related to supporting fairness as a low priority.
For example, Teacher 1 seemed unsure about how ethics could apply to physics lessons. She
viewed discussions on topics such as nuclear energy as involving weighing options rather than
making ethical judgments, as both choices may conflict with personal values, but a decision
must still be made based on priorities.

In physics there are topics of course that you can be pro or against, like nuclear
energy. But I am not sure if I would call that ethical, because ethical is like almost
neutral, this is good and this is not good. It has to do with values. I think debates in
physics are more like what you find more important than the other. It is not so
much about values, but what you judge higher. ...I think that it is a choice between
two bads actually, they are both against your values, but we need energy as well.
(Teacher 1, Physics)

Teacher 15, viewing science as objective and values as inherently subjective, did not incor-
porate value-related issues into her teaching. According to her, it is students’ personal journey
to develop values, and not part of the science curriculum. Teacher 15 felt that if she addressed
values in class, she would be preaching her own values to the students.

Values are so subjective, it is a little bit opposite of science almost. ...I think science
often tries to take out personal feelings in some cases, and values are so different
based on your family, upbringing, ...your religion. To me, science can bring all
those things together, but your values are so personal that I do not see them as part
of the science curriculum. ...Values are their own thing to develop, so in biology I
am not teaching values, I am teaching something a bit broader, and they develop
their values as individuals. Otherwise, I am like preaching to them about my
values, which is not really the job of a good teacher.

(Teacher 15, Biology)

3.2 | Factor 2: Bridging evidence-based instruction with a
commitment to nature's well-being

This factor was the second most dominant group with four teachers loading significantly, and it
explained 12% of the variance in the dataset. This factor had one chemistry and three biology
teachers, and they worked at either an international or a bilingual secondary school. Analysis
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of the highest-ranked statements, shown in Figure 5, revealed that in this factor array promot-
ing nature (S7, S9), critical thinking (S13, S14), supporting fairness (S6), and exploratory thinking
(S25) were prioritized. The statements are color-coded orange, blue, and yellow, meaning that
these statements belong to the GreenComp competence areas of “embodying sustainability
values,” “embracing complexity in sustainability,” and “envisioning sustainable futures,”
respectively. Teachers who loaded on this factor recognized the importance of equipping stu-
dents with the ability to critically assess claims and evidence. However, their primary focus lay
in developing an appreciation for the interconnectedness of human well-being, health, and
security with the health of the natural world.

Embodying sustainability values
Embracing complexity in sustainability
Envisioning sustainable futures

Acting for sustainability

25. Knows that sustainability
problems must be tackled by
combining different
disciplines.

6*. Acknowledges the

impact of own behavior on
others and future generations
to act accordingly.

14. Can evaluate information
and arguments.

9%*. Values the quality of
nature.

13. Knows sustainability
claims need to be supported
by evidence.

7*. Knows that our
wellbeing, health, and
security depend on the
wellbeing of nature.

+3

+4

+5

agree
most

FIGURE 5 Highest-ranked statements by Factor 2, where distinguishing statements are shown by an
asterisk.

Three of the most significant competences highlighted in this array revolved around
“embodying sustainability values,” with the foremost competence being related to promoting
nature. In this factor array, it was viewed as essential for secondary school students to under-
stand the role of nature before delving into skills such as evidence-based decision-making and
evaluating information and arguments. According to the teachers who loaded on this factor,
understanding the interconnectedness between human well-being, security and the well-being
of nature (S7) is vitally important. According to Teacher 13, establishing this connection should
be the primary focus in biology education, as many people lack such a connection to nature.
Drawing from her teaching experience in Finland, where nature is deeply integrated into edu-
cation, she reflected on the impact this connection has on an individual's attitudes, fostering a
sense of responsibility and a strong desire to protect the environment.

This [S7] might be more important. I think that connection is the most important
to make first with biology, because that is the connection that a lot of people are
missing. ...If T think about biology and I think for example of the differences
between how I was teaching it in Finland, there we are very connected to nature. ...
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If we understand the way nature is, in what state nature is, that also impacts

us. Then I think we start protecting it more.

Another statement (S6) highlighting the competence of promoting nature emerged in
Figure 5 as one of the most important competences in science education. Teachers associated
with this factor array advocated science education that guides students in acknowledging the
impact of their own behavior. Moreover, they supported the call to action inherent in this state-
ment, emphasizing that students should not only recognize their impact on others and future
generations but also act accordingly. Within this perspective, Teacher 16 emphasized the signifi-
cance of students recognizing themselves as consumers, with the ability to influence the fair

(Teacher 13, Biology)

treatment of workers behind the products they choose to purchase.

I tell this to the kids all the time, you go to a supermarket, you are a consumer. If
you buy something, or if you do not buy it, that makes a difference. So, if you
choose to buy something then you are saying that you are happy with that product.
And if you are not happy, you should not buy it, you have the power. ...I make sure
they know that they can make a difference. If everybody realizes they can make a

difference, then there is hope.

The statements ranked lowest in this factor array are shown in Figure 6. According to this
figure, the least importance was attributed in this factor array to political agency (S28, S29, S30),
collective action (S32), adaptability (S23), and supporting fairness (S5). These statements are
related to three GreenComp areas: “acting for sustainability,
and “embracing complexity in sustainability,” which have the color codes of green, yellow, and

orange, respectively, in the figure.

Embodying sustainability values
Embracing complexity in sustainability
Envisioning sustainable futures

Acting for sustainability

(Teacher 16, Biology)
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envisioning sustainable futures,”

5. Can apply equity and
justice to evaluate how
current practices affect future
generations.

32. Can build a coalition to
address sustainability
problems.

30. Encourages effective
policies for sustainability.

29. Can critically reflect on
political responsibility and
accountability for sustainable
future.

28. Knows about political
decisions concerning
sustainability.

23*. Can cope with
uncertainty of wicked
sustainability problems.

-5 -4
disagree
most

FIGURE 6 Lowest-ranked statements by Factor 2, where distinguishing statements are shown by an

asterisk.
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Facilitating the acquisition of critical reflection about political responsibility and account-
ability for a sustainable future was perceived as the least important competence in science edu-
cation. While Teacher 11 acknowledged the importance of political agency as a general
competence for students to acquire, she did not view it as relevant to address in her chemistry
lessons. Instead, Teacher 11 suggested that this competence is addressed in history instruction,
which provides a better context for exploring the effects of various political perspectives on
sustainability.

I think it is important for them to know that politics has an effect on the
decisions that are being made, but I can see that is more taking place in his-
tory. They go further with showing what if you have a left party, or party
more on the right side, and what that means for sustainability. Sustainability
of course is not only about nature, I also realize that, but I think in chemis-
try, because as chemistry has such an impact on the environment, you focus
more on that, I think.

(Teacher 11, Chemistry)

Similar to Teacher 11, Teacher 14 acknowledged the importance of critically reflecting on
political responsibility and accountability for secondary school students but did not find it rele-
vant for her biology lessons. Teacher 14 noted that most of her students are not yet eligible to
vote. Therefore, she considered it too early to implement competences related to politics in her
lessons, given the age of her students.

This has a lot to do with the political system in the Netherlands, and I feel like
they do not have that much background here at school yet. I feel it is impor-
tant, but for the biology lessons, it is less important. ...You are talking about
kids who of course need to start working toward the idea that they have a vote,
politically speaking. But that is when they are 18. And I mostly teach lower
grade students.

(Teacher 14, Biology)

3.3 | Factor 3: Science education to promote collective action

This factor was the least dominant, with three physics teachers loading significantly,
and it explained 8% of the dataset variance. Teachers who loaded on this factor worked
at either a Dutch or bilingual secondary school. Analysis of the highest-ranked state-
ments, shown in Figure 7, revealed that exploratory thinking (S26), collective action (S31,
S33), valuing sustainability (S1), adaptability (S24), and individual initiative (S35)
emerged as the most important competences in this factor array's prototype Q-sort. All
the statements shown in Figure 7 have an asterisk, meaning that their ranking signifi-
cantly distinguished the views captured in this factor array from those in the other two
factor arrays.
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Embodying sustainability values
Embracing complexity in sustainability
Envisioning sustainable futures

Acting for sustainability

35%. Can reflect on daily
habits with respect to

sustainability.

24*. Is open to alternative 31*. Knows how to work

solutions in the face of with others to promote

uncertainty. sustainable practices.

0 e (et 33. . Is willing to engage 26%*. Cap thlpk creatlyely,

Ty with others to challenge the generating different ideas for
sustainability values. i
status quo. sustainability.
+3 +4 +5

agree
most

FIGURE 7 Highest-ranked statements by Factor 3, where distinguishing statements are shown by an
asterisk.

The most important statement according to this factor array was about exploratory thinking.
Thinking creatively and generating different ideas for sustainability (S26) was perceived as the
most crucial competence in ESD, emphasizing the significance of innovative thinking.
According to Teacher 3, fostering creative thinking is essential for tackling complex, multiface-
ted sustainability issues. Promoting exploratory thinking might be the only way to tackle these
issues because it enables students to explore and generate diverse solutions, which is vital in
the context of sustainability.

Since the whole sustainability thing is a wicked problem, sometimes being creative
is the only way out. Exploring options that might not have been explored or might
have been dismissed in the view of some evidence...

(Teacher 3, Physics)

The presence of three statements (S31, S33, S35) from the GreenComp competence area “act-
ing for sustainability” in Figure 7 indicated a strong emphasis on this area compared to the
other areas. This dominance suggests that the ability to take actions toward sustainability was
considered the most crucial set of competences within this factor array. According to Teacher
2, willingness to engage with others to challenge the status quo (S33) is an important compe-
tence in science education, because it allows him to assess whether his students are experienc-
ing autonomy. He emphasized that encouraging students to question and challenge existing
norms fosters a sense of autonomy.

It is a nice question to check whether they experience autonomy, because if they
are not willing to engage with others, that is one thing, or if they are afraid to ask
for help. But if they are afraid to challenge the status quo, then there is something
repressive in their system.

(Teacher 2, Physics)

85U8017 SUOWILLOD BATER.D 3[edldde ay) Ag peuienob ae Sajpie YO ‘85N JO Sa|nJ o Akeiq18ulUO A8]IM UO (SUOTHPUOD-PUB-SWLBY W0 A8 | 1M Ae1q 1pul|Uo//:SdnL) SUONIPUOD U SWB | 8} 88S *[6202/T0/.2] Uo Ariqiauljuo A3|IM ‘T2022e8)/200T 0T/10p/wod A8 | i Arelq1jeuljuo//Sdiy Woij papeojumod ‘0 ‘98£2860T



26 WIL EY~\~ JRST STOUTHART ET AL.

Teacher 3 highlighted the value of teaching students how to work with others to promote
sustainable practices (S31), emphasizing that this competence is integral to the school's overall
educational philosophy. At his school, collaboration among students is not only encouraged,
but mandated as a key competence across the curriculum.

This is at the core of what this school does. A core competence within the first
3 years is collaboration. Yesterday we had a session on some new rubrics for these
competences, among which collaboration is one of them. We were asked to take
those rubrics and embed them into our teaching.

(Teacher 3, Physics)

Even though competences such as taking the initiative in a group project or working collab-
oratively with others are highly valued, Teacher 2 identified a significant challenge in
addressing these competences: the role of parents. According to him, parents are crucial stake-
holders in transforming secondary school education toward sustainability. However, they often
prioritize measurable academic results, making it difficult for teachers to emphasize compe-
tences that are not easily quantified.

Parents, however, they proved to be the biggest obstacle ...I think they want to see
how their child is developing, and they do not know any better than with grades. ...
They can see by numbers that there is growth, but the actual growth in their
human being, in their development, they do not see.

(Teacher 2, Physics)

When it comes to the lowest-ranked statements, shown in Figure 8, in this factor array the
least importance was attributed to supporting fairness (S4, S5, S6), political agency (S28, S30),
and system thinking (S12). All three statements covering supporting fairness were ranked among

Embodying sustainability values
Embracing complexity in sustainability
Envisioning sustainable futures

Acting for sustainability

30. Encourages effective
policies for sustainability.

4. Knows that ethical 6. Acknowledges the impact
concepts and justice for of own behavior on others
current and future and future generations to act
generations are related. accordingly.

12*. Acknowledges the
connections and interactions
between natural events and
human actions.

5. Can apply equity and
justice to evaluate how
current practices affect future
generations.

28. Knows about political
decisions concerning
sustainability.

-5 -4 =

disagree
most

FIGURE 8 Lowest-ranked statements by Factor 3, where distinguishing statements are shown by an asterisk.
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the least important competences in Figure 8, meaning that supporting fairness was not consid-
ered as important as exploratory thinking or collective action in this factor array.

Teacher 3, who ranked Statement 5 as the least important competence, felt that supporting
fairness should be handled by colleagues in the other subjects who are better equipped to dis-
cuss the concepts of equity and justice. His focus was on evidence-based science teaching,
which he believed was more within his expertise and teaching style.

I tend to be too black-and-white for that sometimes, too scientific. Which means
it is not my place as a person, or as a teacher to engage with these competences.
But I know colleagues who can do this. ...colleagues who teach philosophy. I
tend to focus more on the scientific side, on the evidence-based side of what can
we do.

(Teacher 3, Physics)

Additionally, Teacher 3 expressed that he finds it difficult to set clear, achievable learning
goals related to supporting fairness. He stressed the importance of knowing the end goal to
ensure high-quality education, but acknowledged the uncertainty required when dealing with
competences such as supporting fairness.

...only if I know the end goal of what I want to achieve with the students I can rea-
son about how to get there. ...Some of these competences I cannot put into a learn-
ing goal. I am not sure what the end goal will be.

(Teacher 3, Physics)

3.4 | Characteristic statements for factor arrays and their overlap

Our study identified three factor arrays based on 16 science teachers' views on GreenComp com-
petences. While each array offered a unique viewpoint, there was consensus among them
regarding the importance associated with certain statements. Conversely, specific statements
were exclusively endorsed in only one of the three factor arrays, representing areas of disagree-
ment. Both the consensus and disagreement between and among the factor arrays are illus-
trated in a Venn diagram, presented in Figure 9, where each factor array is represented by
circles. This diagram was manually constructed after establishing criteria for categorizing the
statements. We considered only those ranked at extremes (43, +4, +5 or —3, —4, —5) in at least
one factor array, excluding all-negative or mixed negative and neutral rankings. Statements
with positive rankings below +3 in two factor arrays and negative or neutral in the third were
excluded due to lack of high agreement.

In this figure, statements ranked as positive in every factor array are shown at the inter-
section of all circles, representing consensus. For example, critical thinking emerged as impor-
tant across all factor arrays, due to statements (S14, S15) related to this competence appearing
at the intersection where all three circles overlap. Statements ranked as positive in one factor
array, but as negative or neutral in the others, are placed within its circle, as they are character-
istic of that factor array. For example, what distinguished Factor 1 was its emphasis on problem
framing (S16). While Factor 2 highlighted the importance of supporting fairness (S6) and pro-
moting nature (S7), Factor 3 stood out for its emphasis on collective action (S31, S33). It is
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noteworthy that Figure 9 illustrates the significance associated with certain statements. How-
ever, all three statements covering the competence of political agency were ranked as one of the
least important statements in each factor array, indicating a distinct type of consensus—
consensus about its insignificance across the factor arrays.

Promoting evidence-based Bridging evidence-based

scientific reasoning /V_\ scientific reasoning with

without political, ethical a commitment to nature’s
9. Values the

or value-laden dilemmas . well-being
uality of nature.
(Factor 1) / d ! \ (Factor 2)
10. Knows how different elements L

and their interactions form a system.

6. Acknowledges
the impact of
own behavior on
others and future

25. Knows that sustainability problems must generations to act
be tackled by combining different disciplines. accordingly.

13. Knows sustainability claims
need to be supported by evidence.

16. Knows that

sustainability P s Knol\ivs that
R e 14. Can evaluate Olilre::ﬁh’ ;:ég’

often complex.

information and arguments. security depend

T : on the wellbeing
15. Develops a critical attitude of nature.

towards claims.

17. Can identify appropriate approaches

e towards solving sustainability problems.

connections and =
interactions in a 26. Can ﬂlllnk
complex system. creatively,
generating
different ideas for

24, Is open to sustainability.

alternative solutions in "\
the face of uncertainty.

1. Knows their own 31. Knows how to work with others
sustainability values. to promote sustainable practices.

33. Is willing to engage with others
to challenge the status quo. Science education
to promote
collective action
(Factor 3)

35. Can reflect on daily habits
with respect to sustainability.

Embodying sustainability values
Embracing complexity in sustainability
Envisioning sustainable futures

Acting for sustainability

FIGURE 9 Consensus and disagreements between and among the factor arrays, where overlapping regions
indicate agreed-upon statements and non-overlapping regions indicate characteristic statements for each factor
array.

85U8017 SUOWILLOD BATER.D 3[edldde ay) Ag peuienob ae Sajpie YO ‘85N JO Sa|nJ o Akeiq18ulUO A8]IM UO (SUOTHPUOD-PUB-SWLBY W0 A8 | 1M Ae1q 1pul|Uo//:SdnL) SUONIPUOD U SWB | 8} 88S *[6202/T0/.2] Uo Ariqiauljuo A3|IM ‘T2022e8)/200T 0T/10p/wod A8 | i Arelq1jeuljuo//Sdiy Woij papeojumod ‘0 ‘98£2860T



STOUTHART Er AL. JRST‘N‘WI LEY | 29
4 | DISCUSSION ANDIMPLICATIONS

In this exploratory study, we aimed at identifying science teachers’ views on student compe-
tences in ESD. The ambition of this study was to explore what views science teachers hold, and
their reasoning behind attributing significance to certain competences while dismissing others.
This was achieved by using Q methodology, where the statements we used was grounded in the
GreenComp competence framework developed by the European Commission (Bianchi
et al., 2022). The fact that Q methodology required participating teachers to rank the statements
relative to one another in terms of teachers' level of agreement regarding the importance of the
competence described in the statements allowed us to capture the relative importance of com-
petences in ESD.

Our study revealed that the views of our participating science teachers could be grouped
into three factor arrays. In the most dominant factor array, associated with a factor upon which
nine teachers loaded significantly, promoting evidence-based instruction without addressing
the political, ethical or value-laden dilemmas inherent in sustainability issues is advocated. In
the second most dominant factor array, with four associated teachers, bridging evidence-based
instruction with a commitment to nature's well-being is advocated. In the factor array associ-
ated with the smallest group, three physics teachers, the idea that science education should pro-
mote collective action for ESD is advocated.

Our findings indicated that critical thinking and system thinking are regarded as important
in all three factor arrays, though to varying degrees. Common among teachers who loaded on
Factor 1 is the view that science is value-free, empirical and objective. This aligns with the find-
ings in previous literature that compared with other content-area teachers, science teachers
considered cultural issues the least frequently (Uitto & Saloranta, 2017). Moreover, this is con-
sistent with the Vision I perspective on the purposes of science education (Roberts &
Bybee, 2014), and the tendency of science teachers to present science as a rigid body of theories
and rules (Borg et al., 2012; Bossér et al., 2015; Levinson & Turner, 2002; van Driel et al., 2001).
On the other hand, the competence of political agency is one of the least important competences
in all arrays. All of our participants agreed on excluding political dimensions of sustainability
issues from their lessons. This consensus on the insignificance of political agency in science edu-
cation is unique, as it is the only instance where all three statements related to a single compe-
tence (528, S29, S30) were ranked as negative, mostly at the extreme, in each factor array. No
other competence was revealed in our study to show such agreement across its three state-
ments. Some teachers who loaded on Factor 1 even argued that science is inherently apolitical.
While the literature on science teachers' attitude toward integrating political aspects of sustain-
ability issues is limited, our study makes a significant contribution by not only confirming their
reluctance to do so (Dunlop et al., 2024), but also revealing a key reason: their perception of sci-
ence as a discipline.

Some may argue that not all competences outlined in policy documents, such as the
GreenComp competence framework, need to be addressed in science lessons. Based on this
viewpoint, as 12 out of 16 participating teachers also suggested, politics or ethics can be
excluded from the science classroom and instead be tackled in social-science subjects such as
history or philosophy. However, others, including ourselves, argue that such an approach
undermines the role of science education in fostering comprehensive understanding and
engagement with societal issues. For this reason, we find the stance taken by the most domi-
nant group of teachers in our study concerning, because any approach to science teaching is
inadequate if it does not address the concepts of ethics, justice, and values, and these concepts
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should not be taught as independent (Sjostrom et al., 2017; Tuncay-Yiiksel et al., 2023; Zeidler
et al., 2005; Zeidler & Sadler, 2023). We consider the suggestion by most of our participating
teachers that another subject is more suitable for addressing certain competences to be one of
the most significant contributions of our study. However, further research is needed to deter-
mine if this exploratory finding reflects a broader attitude among science teachers. Additionally,
developing a horizontal curriculum to clarify which competences are to be addressed in each
subject and year group could help researchers assess the current state of affairs and enable
schools to address any gaps.

Some teachers argued that acquiring scientific knowledge through developing critical think-
ing and system thinking will naturally lead to the development of values, which will prompt stu-
dents to act accordingly. Competences regarding behavioral changes, values, or attitudes were
seen as “side-effects,” or as concurrent outcomes of teaching scientific content rather than pri-
mary goals. This finding supports previous research on teaching traditions in ESD, revealing
that some teachers believe that the right knowledge will automatically lead to better values and
actions (Sund & Gericke, 2021). Additionally, when considering various stakeholders in ESD,
scientists’ views on competences to be acquired by secondary school students under-represent
the importance of norms and values (Glinther et al., 2024). This leads us to believe that much
importance is attributed to acquisition of scientific knowledge, although it is known that sus-
tainability problems cannot be solved with knowledge only (Bianchi et al., 2022). As suggested
in previous studies, including more meta-reflection in professional development and training
programs can help science teachers to realize ESD (Jegstad et al., 2018; Stevenson et al., 2015).
Moreover, how to express ESD should be clear for teacher educators to be clear for teachers,
because content-area traditions are important factors that influence teachers' uptake of ESD
(Stables & Scott, 2002; Uitto & Saloranta, 2017). The successful adaptation of reform-oriented
instruction depends on teachers' own experiences as learners, which in this case shape their
views on effective science teaching (Johnson, 2006). Therefore, our results show that science
teachers' stand on certain ESD competences should be taken into consideration, considering
that any attempt to implement educational change without targeting subject-matter teachers
explicitly may fail (Borg et al., 2012, 2013). We believe our findings have the potential to
enhance the professional development and training of both in-service and pre-service teachers.
In this context, science teachers' views and which vision of the purposes of science education
they hold should be taken into consideration for meaningful professional development and
teacher training. Kim's (2024) study showed that although science teachers initially considered
justice-oriented science teaching to be “barely relevant,” their understanding evolved through
reflective sensemaking, allowing them to explore the meaning of culture and politics within
their own context of science teaching. Therefore, science teachers' approach to teaching can
change through sensemaking. In this regard, another implication of our results could be the
value of engaging science teachers in a discussion regarding the three visions for science educa-
tion (Roberts, 2007; Sjostrom et al., 2017). Teachers who hold similar views as most of our par-
ticipants would benefit from being engaged in a such a discussion and their approach might
change as a result.

Some teachers who loaded on Factor 1 would be self-critical if they were to implement com-
petences related to values, fearing they would be imposing their own values on students. They
felt that implementing competences related to supporting fairness or promoting nature would
involve preaching their own values to students. This concern, highlighted by Jickling and Wals
(2008), reflects a broader worry about the normative aspect of ESD. Policy experts in ESD have
similarly cautioned against this risk with respect to implementing ESD competences in
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secondary schools (Giinther et al., 2024). In contrast, however, teachers who loaded on Factor
2 felt responsible for supporting fairness and promoting nature, while those who loaded on Fac-
tor 3 emphasized promoting sustainable practices in the form of collective action. These differ-
ences suggest that the importance teachers place on certain competences may stem from how
they perceive their roles as teachers. While it is already known that science teachers often do
not consider addressing societal issues to be part of their role (Lee & Yang, 2019), our research
advances the literature by identifying a potential reason for this reluctance. Some teachers may
avoid these topics out of concern that they would be imposing their own values on students.
Further research is needed to explore instructional strategies that enable science teachers to
address societal issues without feeling as though they are preaching or imposing their values.

When asked why political agency and supporting fairness were ranked as the least important
competences, Teacher 5 reasoned that he does not consider himself as the right person to intro-
duce politics-related issues, while Teacher 10 argued that she does not feel confident in navigat-
ing discourse because it involves emotions. Teachers' positioning as dismissing the political or
ethical dilemmas in science lessons could be explained by drawing on previous research that
science teachers are not well-equipped to navigate debates (Chen & Xiao, 2021). They feel ill-
prepared to address the interdisciplinary aspect of sustainability issues (Boeve-de Pauw
et al., 2022). As Teacher 6 suggested, collaboration between science teachers and social-science
content teachers might enable science teachers to incorporate the interdisciplinary nature of
sustainability issues into their teaching. Therefore, the view of science as value-free and empiri-
cal is not the only reason why science teachers dismiss certain competences. A lack of knowl-
edge of politics-related issues and a lack of knowledge of instructional strategies such as
navigating discourse were revealed in our results as reasons for science teachers to rank
politics- or ethics-related competences low. While traditional science teaching is based on the
division of disciplines, societal challenges require educators to adopt interdisciplinarity in their
lessons (Ming et al., 2023; van den Beemt et al., 2020). In this regard, we acknowledge the need
for communication and collaboration among science teachers, and between science and social
science content teachers, as suggested in the literature (Chen & Xiao, 2021). It is known that
teachers who teach social-science content use class discussions more often than science
teachers for ESD (Borg et al., 2012) and focus on action competence and political responsibility
(Sund & Gericke, 2020). As Johnson (2006) suggested, collaborative relationships within schools
are crucial to achieve the transformation needed for reform-based instruction, not only in the
case of implementing ESD successfully in science lessons, but in any educational reforms. Sec-
ondary school teachers are trained within specific disciplines during their teacher education
programs, making them more comfortable with discipline-bound teaching methods (Stables &
Scott, 2002). Given this, approaching secondary school teachers from within the confidence of
their discipline and supporting them to collaborate with other disciplines can empower them as
successful facilitators of ESD (Stables & Scott, 2002).

Another remarkable result revealed in our study was the perceived role of parents and
assessment when it comes to implementing ESD competences. Teachers who loaded on Factor
1 and Factor 2 referred to internal reasons such as their perception of science as a discipline or
lack of confidence to justify their low rankings. Only those who loaded on Factor 3 cited exter-
nal reasons: parents' role and assessment. For instance, Teacher 2 was not hesitant to identify
parents as obstacles to implementing the ESD competences he found important. He noted that
parents often focused on quantitative evaluation of their children's progress, which contrasts
with the qualitative assessment required for ESD competences. Fullan (2015) discussed the
dilemma schools face regarding parental involvement in educational change, highlighting
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the importance of communication between schools and parents. We consider this as one of the
important contributions of our study, which suggests that implementing ESD competences
necessitates a shift in assessment practices and communication with parents. Without parental
understanding and support, this shift may encounter resistance and prove ineffective. Teachers
who perceive parents as barriers to change may opt for traditional teaching methods to avoid
confrontation, potentially hindering progress toward ESD. Thus, involving parents in the educa-
tional change process could enhance the success of ESD implementation. Additionally, as a rea-
son to dismiss supporting fairness, Teacher 3 argued that it is difficult for a teacher to know the
end result of incorporating such a competence. He explained that competences such as
supporting fairness cannot be put into a learning goal to be assessed. This implies that teachers'
current knowledge about learning goals and how to assess them hinders their uptake of certain
ESD competences. In the case of sustainability issues and developing students’ ESD compe-
tences, the end goal of a lesson might be open-ended. We recognize a need for science teachers
to be equipped with assessment strategies that would allow them to evaluate the development
of competences such as supporting fairness. Therefore, further research is needed to test and
design effective assessment tools for science teachers to address certain ESD competences in
their lessons. This would empower science teachers to transform their approach to teaching
from pre-set, already determined end goals toward open-ended ones. Implementing these com-
petences in ESD in secondary school science education is not about reaching pre-determined
goals, it is about involving the students in the process of addressing the sustainability issues.

Finally, we are hesitant to explore potential relationships between the views captured in
three factor arrays and our participants’ contextual characteristics due to the sample size. How-
ever, we believe that insights can be gained from our results for further research. We suggest
that factors such as a teacher's discipline—whether physics, chemistry, or biology—could play a
role in their views, because majority of the teachers who loaded on Factor 1 in our study were
chemistry teachers, while those loading on Factor 2 predominantly consisted of biology
teachers, and those loading on Factor 3 consisted only of physics teachers. A larger study could
employ Q methodology similar to ours, allowing for the Q-sorting activity to be conducted
online, thus enabling researchers to reach a broader sample across each discipline. Following
by-person factor analysis, only teachers with the highest factor loadings could be invited for
semi-structured interviews. Therefore, we recognize the value of Q methodology in educational
research, as well as its potential use in both small- and large-scale studies.

5 | CONCLUSION

Top-down approaches such as the GreenComp competence framework developed by the
European Commission (Bianchi et al., 2022) or the OECD's (2023) emphasis on environmental
awareness have expectations of science education, but fail to consider teachers' personal episte-
mology regarding science and scientific knowledge, their teaching orientations and habits or
practices. There is no “one size fits all” solution that will effectively facilitate the acquisition of
ESD competences in secondary schools. Teachers differ in terms of their views and their reason-
ing about dismissing or embracing certain competences in their teaching. This places a big
responsibility on policymakers, teacher educators, and professional development designers. If
we aim at preparing scientifically literate students who act sustainably, we first need to
empower science teachers with the knowledge, skills, and attitudes needed for implementing
ESD. Science-teacher educators should place greater emphasis on epistemological beliefs,
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ethics, values, and politics within their science education programs. While some teachers might
need support to reflect on the way they perceive science and their roles as teachers, others
might benefit from collaborating with social-science content teachers to gain expertise in navi-
gating discourse and discussing ethics and politics in science classrooms. We believe that a
rethink is needed for policymakers because if the policy documents do not target content
teachers explicitly, one teacher might think that it is the other content teacher's role to integrate
certain competences. Challenges arise when addressing reform-oriented goals in education,
including, but not limited to, the implementation of ESD in science education. These challenges
can be tackled by taking teachers’ views into account while supporting them as change agents.

6 | LIMITATIONS

The conclusions are limited to the particular situation examined in this study for several rea-
sons. This study reports only 16 science teachers’ views on competences in ESD, and Q method-
ology findings cannot be generalized to entire populations of people (Watts & Stenner, 2012).
The explained variance in our study was 48%. This means that 52% of the variance was not cap-
tured in our participants’ views. Therefore, an average science teacher's views may not be repre-
sented in our results. Moreover, the teachers participated in our study voluntarily, motivated to
share their views on ESD competences. The participants may thus have been more interested in
sustainability education than the average science teacher. Even though our results should be
considered in light of the exploratory nature of this study, insights were still gained to better
empower science teachers as facilitators of ESD.
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