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Introduction

Ecologic and social consequences due to
climate change (IPCC, 2022) are becom-
ing tangible in many areas of life, includ-
ing the sport and physical activity sector
(Bernard et al., 2021). Here, too, the
need for sustainable development (SD)
is becoming stronger. On the one hand,
sports and physical activity have great
potential to contribute to SD, e.g., via
active mobility promoting ecological SD
and sports participation and leadership
promoting social SD (Brand et al., 2021;
Nigg & Nigg, 2021). On the other hand,
they can also counteract SD, for exam-
ple discrimination in sports compromis-
ing social SDorsports-relatedequipment
and infrastructure limiting ecological SD
(Nigg & Nigg, 2021).

Physical activities are an important
part of children’s and adolescent’s lives
(Schmidt et al., 2020). Thus, it is not only
important to make children and adoles-
cents aware of sport- and physical activ-
ity-related sustainability issues, but also
a great chance to address them. An ex-

emplary game is “island in the sea”1. In
this game, pupils have the task of find-
ing out how all of the group can fit onto
several gymnastics mats (island). Dur-
ing the course of the exercise, the mats
are removed one by one, so that the
pupils have less room to fit in. Pupils
can cross to the mainland (other side
of the gym) with the help of a raft (an-
other mat), but they may not touch the
floor. This exercise provides an opportu-
nity to connect the “island” becoming
smaller and smaller to rising sea lev-
els as a consequence of climate change
and to reflect the consequences of rising
sea levels in real life. Therefore, physi-
cal education (PE) is a highly promising
setting to reflect on sustainability issues
as part of education for sustainable de-
velopment (ESD; Baena-Morales, Ferriz-
Valero, Campillo-Sánchez, & González-
Víllora, 2021; Bucht, Mess, Bachner, &
Spengler, 2022), since almost all chil-
dren and adolescents regularly attend PE
lessons (Schmidt et al., 2020). PE teach-
ers play a key role in implementing PE
lessons as ESD. Whether and how PE
teachers implement ESD in PE depends
on the extent to which they consider sus-

1 “Island in the sea” is one of several physical
activity games related to climate change issues,
developed by PE teachers and scientists, more
informationcanbe foundhere: https://www.sg.
tum.de/sportdidaktik/praxismaterialien/klima-
bewegt/.

tainability topics to be relevant in princi-
ple and what relevance they attribute to
them in PE lessons. PE teachers’ profes-
sionalbeliefsareassumedtobe important
determinants of their teaching practice,
hence exerting amajor influence on their
pupils’ learning in (SD-related) PE (Fives
& Buehl, 2012).

Previous research on teachers’ and
preservice teachers’ (PE teacher edu-
cation students) SD beliefs has been
largely limited to environmental aspects
and focused on science or unspecified
subjects. The literature regarding PE
teachers’ beliefs is limited, but grow-
ing (Baena-Morales et al., 2021; Baena-
Morales, Prieto-Ayuso, Merma-Molina,
& González-Víllora, 2022a; Baena-
Morales, Urrea-Solano, Gavilán-Mar-
tin, & Ferriz-Valero, 2022b; Lohmann,
Breithecker, Ohl, Gieß-Stüber, & Brandl-
Bredenbeck, 2021). However, we are not
aware of any measurement instruments
that specifically assess PE teachers’ be-
liefs regarding SD in PE. The current
article aims to contribute to closing
this research gap through a) illustrat-
ing the theoretical background and the
item development to assess PE teachers’
general and subject-specific SD-related
beliefs in PE, b) investigating the psy-
chometric properties and the criterion
validity of the scales, and c) present-
ing empirical findings about preservice
teachers’ beliefs about the general and
subject-specific relevance of SD in PE.
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The new instrument assesses one aspect
of PE teachers ESD-related professional
competence. It is intended to be used
for evaluating ESD-related activities in
school PE or PE teacher education, for
example specific course programs or
curriculum development.

Background and theoretical
lens

Sustainable development
and education for sustainable
development in PE

In general, according to the Brundt-
land Commission (WCED, 1987), SD
requires “difficult reconciliations in at
least four dimensions, involving tensions
between: a) present versus future gener-
ations; b) economic versus environmen-
tal perspectives; c) North versus South;
d) scientific accuracy versus political ac-
ceptability” (Borowy, 2014, p. 5). Thus,
in order to work towards SD, decision
makers need to take a multidimensional
view of issues, including environmental,
sociocultural, and economic perspec-
tives and their interconnectedness, to
estimate short- and long-term action
consequences (intergenerational justice)
as well as consequences at individual,
local, regional, and global levels (intra-
generational justice; Borowy, 2014).

Education plays an important role
in the societal transformation to shape
a more sustainable development
(UNESCO, 2020). Through ESD, learn-
ers should acquire knowledge and
skills, but especially values and atti-
tudes that empower them to recog-
nize (non)sustainable developments, to
contribute to building positive future
scenarios, and to actively help shape
transformation processes (UNESCO,
2020).

PE offers various opportunities for
pedagogical reflections within the ESD
framework. So far, however, thepotential
of PE forESDhas beenneglected (Baena-
Morales et al., 2022a; Bucht et al., 2022),
although policy makers have pointed out
the potential of sports, physical activity,
andPE for achievementof the sustainable
development goals (SDGs; e.g., WHO,
2018). For example, the Global Action

Plan on Physical Activity highlights the
role of PE and physical activity programs
for quality education (SDG 4) or reduc-
ing inequalities (SDG 10) via promoting
social values, inclusion, and empower-
ment (WHO, 2018). Despite these posi-
tive expectations, environmental and so-
cial problems in sport are increasingly
recognized (Müller et al., 2021). For
example, an evaluation of the Olympic
games across two decades showed de-
clines across economic, social, and eco-
logical sustainability (Müller et al., 2021),
raising critical questions regarding how
much sport can really contribute to SD.
The example of mountain biking shows
that recreational sports can also have
a negative impact on wildlife and vegeta-
tion (Kuwaczka, Mitterwallner, Audorff,
& Steinbauer, 2023) and lead to conflicts
with different recreational user groups,
such as hikers (Kleiner, Freuler, Arn-
berger, & Hunziker, 2022), thus coun-
teracting ecological and social sustain-
ability. This ambivalence of sport and
physical activity regarding SD could be
addressed particularly well in PE classes
(Gieß-Stüber&Thiel, 2016). As a subject
with amain focus on physical activity, PE
offers particularly action-oriented learn-
ing opportunities that are usually linked
to social situations or emotions and re-
quire direct engagement with the phys-
ical environment (Baena-Morales et al.,
2022a; Bucht et al., 2022; Gieß-Stüber &
Thiel, 2016).

AcrossGermany, ESD is formulatedas
a cross-curricular educational objective
in school curricula (KMK, 2017). Most
federal states also describe the contribu-
tion of individual school subjects to ESD.
For example, the Bavarian curriculum
emphasizes the potential of outdoor PE
to develop a responsible approach to the
natural environment (Staatsministerium
für Unterricht und Kultus, 2023). This
implies a certain focus on environmental
aspects of sustainability; however, other
overarching educational goals in the cur-
riculum (e.g., health and wellbeing, so-
cial competence) also fit into the ESD
framework and are related to the SDGs.

ESD-specific professional
competence of PE teachers—the
role of teachers’ beliefs and values

If ESD is to become viable in PE, PE
teachers with ESD-specific professional
competence are needed (Lohmann et al.,
2021; UNESCO, 2020). At the level
of cognitive dispositions, professional
competence comprises four relevant as-
pects: beliefs and values, professional
knowledge, motivational orientations,
and self-regulation (Baumert & Kunter,
2006; Baumgartner, 2022). It is im-
portant to consider both subject-specific
(Baumert&Kunter, 2006) and topic-spe-
cific aspects of professional competence,
for example regarding the SD concept
generally, and SD issues in PE specif-
ically. Our work is theoretically based
on PE-specific (Baumgartner, 2022) and
ESD-specific (Lohmann et al., 2021)
literature about teachers’ professional
competence. In this article we focus on
SD beliefs and environmental values as
important aspects of PE teachers’ ESD-
specific professional competence.

Beliefs are described as a multidimen-
sional system of an individual’s judge-
ments about the nature, truth, and falsity
of something or how it works (Fives &
Buehl, 2012). Due to their interrelated-
ness, changes in one specific belief may
change the whole belief system (Martin,
Park, &Hand, 2019). Beliefs are adopted
as personal truths, providing guidance
and structure to professional thinking
and actions (Skott, 2015), such as deci-
sions regarding the lesson content and
how it is framed or effort or persistence
regarding certain topics (Fives andBuehl,
2012). Although the role of beliefs for ac-
tion is not fully understoodyet, empirical
evidence highlights the role of beliefs as
important predictors of classroom prac-
tice (e.g., Martin et al., 2019). Beliefs are
usually operationalized using constructs
like attitude or awareness, such as in the
value-belief-norm theory (Stern, Dietz,
Abel, Guagnano, & Kalof, 1999). Based
upon this, we use SD beliefs as an over-
arching term that includes attitudes to-
wards and awareness of SD issues. In our
study, we take a closer look at importance
beliefs, in particular those regarding the
relevance of the SD concept more gener-
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ally, and subject-specific beliefs about SD
in PE, specifically positive and critical at-
titudes. Taken together as a belief system,
both types of beliefs might be important
precursors of implementing ESD in PE.

According to the value-belief-norm
theory (Stern et al., 1999), beliefs and
values are directly related. Based on this
theory, values are antecedents of beliefs:
people who feel that their values (e.g.,
welfare of the planet and the people) are
threatened are aware of the consequences
coming from the threat (e.g., climate
change) and believe that they are respon-
sible for reducing the threats to protect
their values (Stern et al., 1999). Values
are defined as overarching motivational
goals that serve as guiding principles and
justification for actions in a person’s life
(Schwartz, 1992). The so-called environ-
mental values (de Groot & Steg, 2007;
de Groot & Steg, 2008; Steg, Perlavi-
ciute, van der Werff, & Lurvink, 2014)
could be relevant precursors for imple-
menting ESD in schools (Tolppanen &
Kärkkäinen, 2022). Theoretical consid-
erations and empirical evidence suggest
that self-transcendent value orientations
(biosphericandaltruisticvalues)andself-
enhancement value orientations (egois-
tic and hedonistic values) are particu-
larly important predictors of SD beliefs
and sustainable behaviors (de Groot &
Steg, 2007; de Groot & Steg, 2008; Steg
et al., 2014). Indeed, previous studies
in the general population (de Groot &
Steg, 2008) andwith teachers (Tolppanen
& Kang, 2021) showed positive associ-
ations between biospheric and altruistic
values and environmental awareness and
attitudes. Based upon this, we assume for
this study that PE teachers with strong
biospheric and altruistic values may feel
responsible for protecting their values
by teaching about SD and implement-
ing ESD.

Empirical findings about PE
teachers’ SD beliefs

Previous research on teachers’ and pre-
service teachers’ SD beliefs (including
attitudes and awareness) has been largely
limited to science subjects (e.g., Esa,
2010) or does not allow conclusions
about individual subjects (e.g., Ander-

sson, Jagers, Lindskog, & Martinsson,
2013; Mróz, Tomczyk, Ocetkiewicz, &
Walotek-Ściańska, 2018; Rieß, Mischo,
Reinbolz, Richter,&Dobler, 2008). Some
researchers investigated the respective
attitudesof studentsmajoring indifferent
study fields that were rated as more or
less “environment-affiliated” (Pe’er, Gold-
man, & Yavetz, 2010; Yavetz, Goldman,
& Pe’er, 2014), and only few specifically
investigated PE teachers (Baena-Morales
et al., 2021; Baena-Morales et al., 2022a;
Baena-Morales et al., 2022b; Fröberg,
Wiklander, & Lundvall, 2022).

Most research focuses on teacher’s
attitudes or views regarding the environ-
ment (Andersson et al., 2013; Ezpeleta &
Echegoyen-Sanz, 2020; Esa, 2010; Pe’er
et al., 2010; Tolppanen & Kärkkäinen,
2022; Yavetz et al., 2014), neglecting
the other SD dimensions. Overall, most
studies are cross-sectional and con-
clude that (preservice) teachers have
rather high environmental or sustain-
ability awareness. Longitudinal evidence
demonstrates the potential of ESD by
proposing that preservice teachers’ atti-
tudes towards SD change positively in
response to an intervention, for example
attending an ESD course (Nousheen et
al., 2020).

Furthermore, rather clear tendencies
could be identified regarding gender
differences: female teachers were usu-
ally more concerned about SD (Baena-
Morales et al., 2021) and their envi-
ronmental awareness was also more
pronounced (Ezpeleta & Echegoyen-
Sanz, 2020) compared to male teach-
ers. In addition, female students are
more aware of the need for interventions
and activism regarding the environment
and are more willing to get personally
involved (Sutton & Gyuris, 2015).

Regarding the assessment, environ-
mental attitudes and awareness were
mostly assessed with validated and well-
established scales for a general audience,
e.g., the Connectedness to Nature Scale
(Mayer & Frantz, 2004), Environmental
Identity Scale (Clayton&Opotow, 2003),
or the New Ecological Paradigm Scale
(Dunlap, van Liere, Mertig, & Jones,
2000). Although (E)SD is a multidimen-
sional concept that goes beyond environ-
mental issues, measurement instruments

Abstract

Ger J Exerc Sport Res
https://doi.org/10.1007/s12662-023-00894-7
© The Author(s) 2023

J. Lohmann · C. Nigg · I. Hertle ·
C. Kugelmann

Preservice physical education
teachers’ beliefs about
sustainable development in
physical education—scale
development and validation

Abstract
Climate change poses a major challenge to
people and ecosystems and calls for action
across all areas to contribute to a sustainable
transformation of society. To shape this
transformation, it is crucial that teachers
implement education for sustainable
development (ESD) in schools for a more
sustainable future generation, which also
applies to physical education (PE) teachers.
However, little is known about PE teachers’
beliefs, a key dimension of professional
competence, regarding the implementation
of ESD in PE. Hence, the goal of this study
was to 1) develop a scale to capture PE
teachers’ beliefs about the relevance of
sustainable development generally and
in the context of PE, and 2) investigate
its psychometric properties and criterion
validity. The analysis using exploratory
structural equation modeling in a cross-
sectional sample of 206 preservice teachers
resulted in a 10-item instrument with good
psychometric properties (comparative
fit index [CFI]= 0.976; root mean square
error of approximation [RMSEA]= 0.047;
standardized root mean square residual
[SRMR]= 0.057) and reliability across
three factors: a) general beliefs about the
relevance of sustainable development,
b) positive, and c) critical subject-specific
beliefs about sustainable development
in PE. Based on the value-belief-norm
theory, criterion validity was confirmed
through associations between biospheric
values and beliefs. We conclude that the
newly developed scale is appropriate for
assessing PE teacher’s beliefs about the
implementationof ESD in PE.
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capturing the different dimensions are
rare. One instrument for multidimen-
sional assessment is the Sustainability
Consciousness Questionnaire, capturing
attitudes across environmental, social,
and economic aspects (Gericke et al.,
2019). However, this questionnaire is
also for a general audience and not sports
or PE specific.

Regarding research about PE teachers’
beliefs specifically, empirical evidence is
still limited, withmost empirical research
in Europe so far coming from Spain
(Baena-Morales et al., 2021; Baena-
Morales et al., 2022b; Baena-Morales
et al., 2022a), Sweden (Fröberg et al.,
2022), and Germany (Lohmann et al.,
2021). Baena-Morales et al. (2021)
provide evidence for high sustainability
awareness in PE teachers (divided into
environmental, social, and economic
dimensions), and even higher awareness
in women than men. Fröberg et al.
(2022) reported medium “sustainabil-
ity competencies” with slightly higher
values in the social compared to eco-
nomic and environmental dimensions.
The “sustainability competencies” in that
study referred to what competencies PE
teachers would promote in pupils related
to different SDGs in PE (Baena-Morales
et al., 2022b; Fröberg et al., 2022).

Research gaps and purpose of this
study

Summarized, previous researchonteach-
ers’ SD beliefs has been focused on envi-
ronmental aspects and mostly neglected
the multidimensionality of SD, with little
research specifically in PE teachers. In
addition, the measurement instruments
used in those studies were mostly vali-
dated but intended for a general audience
and not specifically tailored to beliefs in
(PE) teaching. As a part of this, these in-
struments only assess general beliefs that
are not dedicated to a certain context
like, for example, the teaching context
or sports and physical activity. For ex-
ample, the Sustainability Consciousness
Questionnaire asks people to rate the im-
portance of stricter laws to protect the
environment, ensuring quality of life for
future generations and reducing poverty
(Gericke et al., 2019). These items aim

to assess personal beliefs, but their appli-
cability for one’s professional belief sys-
tem is limited, and even less so for the
PE context. Since professional and per-
sonal beliefs are not necessarily the same
(e.g., Himi & Bonny-Noach, 2018), it is
important to develop an instrument that
assesses SD as part of PE teachers’ profes-
sional belief system. Furthermore, some
studies with teachers investigated SD be-
liefs in general or in science subjects (e.g.,
Esa, 2010; Mróz et al., 2018). But PE dif-
fers from most other cognitively focused
subjects in the seated classroom (e.g.,
math), with a focus on physical activ-
ity and the kinesthetic experience (Chen,
Martin, Sun, & Ennis, 2007). Hence, re-
flections and discussions around SDmay
be considered as competition to physi-
cal activity engagement, which should
be specifically addressed. Beliefs about
the relevance of the SD concept and es-
pecially subject-specific beliefs about SD
in PE, i.e., about the importance of so-
cioecological issues in the PE classroom,
have neither been studied nor is there
an instrument to measure these beliefs.
Furthermore, environmental values have
not been considered as part of ESD-spe-
cific professional competence among PE
teachers, although they are considered
important predictors of specific SD be-
liefs.

In this article we therefore developed
a questionnaire to capture general be-
liefs about the relevance of SD as well as
subject-specific beliefs about SD in PE
and tested its psychometric properties
and criterion validity. This instrument
might be used for evaluating ESD-re-
lated actions in (PE) teacher education
or schools.

Methods

Procedure

Thisstudyisbasedoncross-sectionaldata
from the project ANONYMISED. The
development and validation of the ques-
tionnaire was conducted in two steps:
a) scale development, including analysis
of psychometric properties; and b) cri-
terion validation, using the construct of
environmental value orientations. The
study was conducted in accordance with

the Declaration of Helsinki. All partici-
pants were informed about the study in
detail and provided informed consent,
data were collected anonymously. The
University of Augsburg stated that the
study was exempt from ethical approval.

Sample and data collection

Preservice PE teachers (university stu-
dents) who were enrolled in PE teacher
education programs for different school
types at several universities in Germany
were invited to take part in the study. The
online questionnaire was designed with
www.soscisurvey.de and distributed via
mailing lists and social media. A total
of 216 participants responded to the sur-
vey. After data cleaning (5 persons were
not preservice PE teachers, 5 person re-
sponded to less than 5 of the relevant
items for this study), the sample for this
study consisted of N= 206 preservice PE
teachers (117 female, 88 male, 1 diverse)
with a mean age of 23.41 years (standard
deviation= 4.3 years) studying in their
first to 16th semester: 58were enrolled in
PE teacher education for primary schools
(Grundschule), 34 for middle-level high
schools (Haupt- und Realschule), 98 for
upper high schools (Gymnasium), and
16 for other school types.

Item development: beliefs about
SD in PE

Fifteen itemsweredeveloped fordifferent
aspects of SD beliefs (see electronic sup-
plement for original item pool): a) gen-
eral beliefs about the relevance of the SD
concept, e.g., “For me personally, it is rel-
evant to live according to the guiding
principles of sustainable development,”
and subject-specific beliefs divided into
b)positive attitudes towards SD inPE, e.g.,
“Problematic issues of global develop-
ment can be illustrated to pupils partic-
ularly well using the example of sport
during PE” and c) critical attitudes to-
wards SD in PE, e.g., “It is not the job of
PE to discuss socioecological issues.” In
general, ESD is associated with foster-
ing competence and providing complex
cognitive tasks (UNESCO, 2020). In PE,
however, ESD should be linked to physi-
cal activity (Bucht et al., 2022). As men-
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tioned above, this may pose a challenge
for PE where the kinesthetic experiences
are usually seen as core content (Chen
et al., 2007). The subscales on subject-
specific beliefs about SD in PE (b, c)
therefore contain items that reflect the
relationship between ESD and physical
activity, e.g., the notion that physical ac-
tivity can be combined well (positive at-
titude), and the notion that physical ac-
tivity and ESD are not compatible, and
that physical activity is the only impor-
tant thing in physical education (critical
attitude).

All itemswere answeredona six-point
Likert scale ranging from 1 (do not agree
at all) to 6 (fully agree). We formulated
five items for each subscale so that we
could delete items based on empirical
analysis and still have each subscale con-
sist of at least three items (Marsh, Hau,
Balla, & Grayson, 1998).

Measurement for criterion
validation: environmental values

Environmental values were assessed with
a short version of Schwartz’s (1992)
value scale, developed by de Groot and
Steg (2007; de Groot & Steg, 2008) and
adapted by Steg et al. (2014). The scale
has been validated in various studies
(e.g., de Groot & Steg, 2007; de Groot
& Steg, 2008; Steg et al., 2014). Specif-
ically, we used the German version of
the instrument that has been used by
Sargisson, de Groot, and Steg (2020).
The value scale has 16 items, including
four altruistic (e.g., social justice), four
biospheric (e.g., protecting the environ-
ment), five egoistic (e.g., wealth), and
three hedonistic (e.g., pleasure) values.
Respondents indicated to what extent
each value was important “as a guid-
ing principle in their lives” on a nine-
point scale, ranging from “opposed to
my values” (–1) to “of supreme impor-
tance” (7). Respondents were instructed
to vary scores as much as possible and
to rate no more than two values as
extremely important.

Statistical analysis

All statistical analyses were conducted
with the SoftwareR (version4.2.2, RCore

Team, 2018). The R code is available in
the supplementary material.

To investigate the psychometric prop-
erties of the instrument, data were an-
alyzed by combining exploratory and
confirmatory procedures. We first con-
ducted exploratory structural equation
modeling (ESEM), a technique that inte-
grates exploratory (EFA) and confirma-
tory factor analyses (CFA); it provides
“confirmatory tests of a priori factor
structures, relations between latent fac-
tors andmultigroup/multi-occasion tests
of full (mean structure) measurement
invariance” (Marsh, Morin, Parker, &
Kaur, 2014, p. 85). We used ESEM to
simultaneously explore our newly de-
veloped instrument and confirm our
theoretical assumptions about the allo-
cation of items to specific factors. ESEM
includes a) conducting EFA to investi-
gate the structure of the scale in an open
and data-driven way. In our case we re-
stricted the model to three factors, used
geominQ-Rotation, which does not em-
phasize getting rid of cross-loadings, and
delta= 0.5; b) setting up an ESEMmodel,
a CFA-like model that allows cross-load-
ings; and c) fitting the ESEM model to
the data (Silvestrin, 2020). We used the
R packages “psych” (Revelle, 2017) for
conducting EFA and “lavaan” (Rosseel,
2012) for setting up and fitting the ESEM
model. After running the first model,
we applied the so-called 0.40-0.30-0.20
rule (Howard, 2016), which suggests for
the evaluation of EFA-retaining items
with main loadings λ≥ 0.40, cross-load-
ings λ≤ 0.30, and a minimum difference
between main and cross-loading of 0.20.
We marked all items that did not meet
one or more of these criteria and then
decided which items to retain based
on the empirical data and theoretical
considerations. We refer to the original
ESEM model with all items as Model 1a
and the two adapted models as Model 2a
and Model 3a. Second, as suggested
by Marsh et al. (2014), we calculated
regular CFAs for all three models, which
would be preferable for further anal-
ysis following model parsimony. We
refer to these models as 1b, 2b, and 3b.
Third, after deciding on the final model,
we calculated reliability values (Cron-

bach’s α and composite reliability ω) for
the subscales.

Model fit was assessed using the χ2
statistic, the comparative fit index (CFI),
the root mean square error of approxi-
mation (RMSEA), and the standardized
rootmean square residual (SRMR; Kline,
2016). The model fit was considered ac-
ceptable for CFI≥ 0.95, RMSEA≤ 0.08,
and SRMR≤ 0.10 (Schermelleh-Engel et
al., 2003). After investigating the psycho-
metric properties and the decision for the
final item sets for the scales, we calcu-
lated scale means for further descriptive
and statistical analyses. Since previous
research showed gender differences re-
garding SD beliefs (Baena-Morales et al.,
2021; Ezpeleta&Echegoyen-Sanz, 2020),
independent samples t-tests were calcu-
lated for examining gender differences.

To assess the criterion validity of the
new instrument, we first examined to
what extent the SD beliefs can be empir-
icallydifferentiatedasseparateconstructs
fromenvironmental values. Thus, bivari-
ate correlations are expected to be low
to medium (|r| < 0.70). Subsequently, re-
gression analyses were used to examine
the extent to which environmental val-
ues predict SD beliefs. For the criterion
validation, we hypothesized that:

H1a.Self-transcendent(i.e., altruisticand
biospheric) values are positively associ-
ated with stronger beliefs about the rele-
vance of SD and positive subject-specific
beliefs about SD in PE, and negatively
associated with subject-specific critical
beliefs about SD in PE.

H1b.Self-enhancing (i.e., egoistic andhe-
donistic) values are negatively associated
with stronger beliefs about the relevance
of ESD and positive subject-specific be-
liefs about SD in PE, and positively as-
sociated with critical beliefs about SD in
PE.

H2a. Beliefs about the general relevance
of SD are positively predicted by self-
transcendent values, and negatively by
self-enhancing values.

H2b. Positive subject-specific beliefs
about SD in PE are positively predicted
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Table 1 Model fit indices ofmodels 1, 2, and 3
Model χ2 CFI TLI RMSEA (90%CI) SRMR

Model 1a χ2 (63)= 133.73, p< 0.001 0.892 0.820 0.084 (0.064; 0.104) 0.052

Model 1b χ2 (87)= 161.22, p< 0.001 0.869 0.841 0.079 (0.060; 0.098) 0.079

Model 2a χ2 (33)= 43.11, p= 0.112 0.978 0.957 0.048 (0.000; 0.084) 0.038

Model 2b χ2 (51)= 84.49, p= 0.002 0.928 0.906 0.071 (0.042; 0.097) 0.068

Model 3a χ2 (18)= 16.53, p= 0.556 >0.999 1.009 <0.001 (0.000; 0.068) 0.025
Model 3b χ2 (32)= 41.57, p= 0.120 0.976 0.967 0.047 (0.000; 0.084) 0.057

Models a are ESEM models, Models b are CFAmodels (robust results of estimation with MLR estimator).
Final model is Model 3 (italics)
CFI comparative fit index, TLI Tucker–Lewis index, RMSEA root mean square error of approximation,
SRMR standardized root mean square residual (robust estimates are reported), CI confidence interval,
ESEM exploratory structural equation modelling, CFA confirmatory factor analysis

Table 2 Items and standardized factor loadings for the final ESEMmodel (Model 3a)
No. Item λrelevance λpositive λcritical
Beliefs about relevance of SD
x1a Sustainable development does not concernme 0.40 –0.15 –0.23

x2 Everyone can contribute to sustainable development;
this is required to succeed as society

0.52 –0.24 –0.12

x4 For me personally, it is relevant to live according to the
guiding principles of sustainable development

0.79 0.05 –0.08

x5 Sustainable development is the most important task
of today’s society and must necessarily be shaped by
political decisions

0.60 0.25 0.23

Positive beliefs about SD in PE
x6 Problematic issues of global development can be illus-

trated to pupils particularly well using the example of
sport during PE

0.02 0.56 –0.20

x7 The popularity of PE should be used to critically and
analytically reflect on politically and socially relevant
topics using sport as an example

0.10 0.78 –0.14

x10 Education for sustainable development is a task for the
whole school where PE must contribute as well

0.09 0.33 –0.47

Critical beliefs about SD in PE
x11 In PE, the focus is on physical activity. The available time

should not be used for other tasks, e.g., cognitive tasks
0.07 –0.02 0.73

x12 The aim of PE is getting children physically active during
the school day. Sociopolitical issues should be addressed
in other subjects

–0.03 –0.25 0.65

x15 It is not the job of PE to discuss socioecological issues –0.12 –0.03 0.66
Main factor loadings in italics, English items are not validated
ESEM exploratory structural equation modelling, SD sustainable development, PE physical education
aReversly coded item

by self-transcendent values, and nega-
tively by self-enhancing values.

H2.Critical subject-specific beliefs about
SD in PE are positively predicted by self-
enhancement values, and negatively by
self-transcendent values.

In addition, we explored whether the
association between self-transcendent or
self-enhancing values and SD beliefs was

moderated by gender using interaction
analysis.

Results

Scale development: beliefs about
SD and ESD in PE

Psychometric properties
In Model 1a, the ESEM analysis showed
that all 15 items of the original item

pool had their highest factor loadings
on the theoretically assigned factor
(except item x15, see electronic sup-
plement). The model fit was close to
acceptable (CFI= 0.892, RMSEA= 0.084,
SRMR= 0.052). However, three items
(x8, x13, x14) had high cross-loadings
(λ > 0.50), and these items have in com-
mon that they represent ESD in relation
to or in competition with physical ac-
tivity and motor learning in PE, instead
of focusing on the relevance of ESD in
PE. Excluding these items in the next
ESEM in the adapted Model 2a resulted
in an improved model fit (CFI= 0.978,
RMSEA= 0.048, SRMR= 0.038). In
Model 2a, the factor loadings on the
relevance factor additionally indicated
a dominance of item x4 (. Table 1) and
a low factor loading specifically on item
x3 (λ= 0.25). In the positive beliefs
factor, item x9 also had a low factor
loading (λ= 0.18). In the critical beliefs
factor, the remaining items (x11, x12,
x13) had factor loadings above 0.65. Ac-
cordingly, we estimated a third model,
in which we waived items x3 and x9. In
Model 3a the model fit improved again
compared to Model 2a (CFI=> 0.999,
RMSEA= 0.047, SRMR= 0.029). The
same pattern applied when calculating
the more restrictive CFAs (. Table 1),
withthe10-itemmodel (Model3b)show-
ing a slightly bettermodel fit than the 12-
item model (Model 2b) and the original
15-itemmodel (Model 1b). Thus, we de-
cided to use Model 3 as the final model.
All subsequent analyses were calculated
based on this model. . Table 2 shows
the factor loadings of the adapted ESEM
model (Model 3a). For visibility reasons
and since the ESEM and CFA results
were comparable, . Fig. 1 presents the
more parsimonious CFA of Model 3b.

Descriptive statistics and gender
differences
Means (M) and standard deviations
of the items (Model 3) are displayed
in . Table 3. Participants generally
believe that SD is relevant (M= 5.16,
standard deviation= 0.59). While they
have rather strong positive beliefs about
ESD in PE (M= 4.06, standard devia-
tion= 0.89), they simultaneously hold
some critical beliefs (M= 3.24, standard
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line represents themean, nsnot significant

deviation= 0.99). Female participants
reported significantly stronger positive
attitudes towards SD in PE than male
participants (t (161.16)= 2.15, p= 0.03)
whereas male participants reported
stronger critical attitudes towards SD
in PE (t (169.49)= –2.17, p= 0.03). No
significant gender difference was found
for beliefs about the relevance of SD
(. Fig. 2). A significant gender differ-
ence was also found for altruistic values
(t (148.15)= 2.36, p= 0.02), but not for
the other values.

Criterion validation

Bivariate correlations
SD beliefs significantly correlate with al-
truistic and biospheric, but not with ego-
istic or hedonistic values (. Table 3), i.e.,
H1a is supported by our data, whereas
H1b is rejected. All correlations were be-
low r= 0.70. From this, we conclude that
SD beliefs and environmental values are
related but represent different constructs.

Regression analyses
. Table 4 shows the results of the regres-
sion analyses. We estimated three mod-
els with environmental values predicting
SD beliefs, controlling for gender. All
three hypotheses (H2a, H2b, H2c) are
partly confirmed, which means that if
values predict beliefs, they do so in the
expected direction. However, only bio-
spheric values were significant predictors
of SDbeliefs when controlling for each of
the other values and gender (. Table 4).
Environmental values explained35.8%of
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Table 3 Correlations of study variables
1 2 3 4 5 6 7

1 Relevance of SD – 0.29** –0.24** 0.40*** 0.56*** –0.09 0.08

2 Positive about SD in PE – – –0.67*** 0.18* 0.26*** 0.03 0.03

3 Critical about SD in PE – – – –0.04 –0.17* 0.10 0.04

4 Altruistic values – – – – 0.55*** 0.13 0.27***

5 Biospheric values – – – – – 0.06 0.25***

6 Egoistic values – – – – – – 0.18*

7 Hedonistic values – – – – – – –

Mean 5.16 4.06 3.24 5.42 4.42 1.92 5.06

Standard deviation 0.59 0.89 0.98 1.17 1.57 1.17 1.35

Cronbach’s α 0.65 0.79 0.79 0.75 0.89 0.75 0.86

Composite reliability (ω) 0.66 0.80 0.79 0.76 0.89 0.74 0.86

Computed correlation used the Spearman method with pairwise deletion. Model fit for environmen-
tal values (4–7): χ2 (98)= 138.84, p= 0.004; comparative fit index (CFI)= 0.96, Tucker–Lewis index
(TLI)= 0.96; root mean square error of approximation (RMSEA)= 0.05, 90% CI (0.03, 0.07); standardized
root mean square residual (SRMR)= 0.07
SD sustainable development, PE physical education
*p< 0.05, **p< 0.01, ***p< 0.001

variance (R2
adj = 0.358) in beliefs about

the relevance of SD, 7.5% (R2
adj = 0.075)

inpositive and5.1%(R2
adj = 0.051) incrit-

ical attitudes towards SD in PE. All inter-
action analyses between environmental
values and gender were nonsignificant.

Discussion

Teachers’ beliefsmay shape their practice
(Fives & Buehl, 2012). SD beliefs are im-
portant aspects of teachers’ ESD-specific
professional competence and precursors
of implementing ESD in class (Baena-
Morales et al., 2021; Lohmann et al.,
2021). Beliefs that relate aspects of SD to
one’s own subject seem to be particularly
important. Research about ESD in PE
is growing, but (preservice) PE teachers’
subject-specificbeliefs aboutSDinPEare
not yet well understood. The purpose of
this study was to present empirical find-
ings about preservice PE teachers’ beliefs
about the relevance of SD in PE and to
provide first indications on the psycho-
metric quality and criterion validity of
the instrument that was used to assess
these beliefs.

Scale development and
psychometric properties

The ESEM supported the distinction of
three aspects of SD-related beliefs in pre-
service PE teachers, suggesting that be-

liefs about the general and personal rele-
vance of SD as well as positive and criti-
cal subject-specific attitudes about SD in
PE are three distinct factors. Three items
were deleted from the original item pool.
The deleted items have in common that
they have high cross-loadings, and they
addressed SD in the context of physi-
cal activity (x8) or physical activity and
sports performance as the most relevant
content of PE (x13, x14). Without these
physical activity-related items, themodel
fit improved appreciably. This indicates
that PE teachers may, in principle, have
a positive attitude towards ESD in PE,
but only if ESD is not at the expense of
a high amount of physical activity (Chen
et al., 2007). Since this seems to be an
issue that may be addressed on its own
and does not fit into the structure of
our questionnaire, we decided to exclude
this thematic issue from the scale. The
adapted model concentrates on positive
and critical attitudes towards SD in PE,
without interferingwith beliefs about the
role of cognitive activating learning tasks
versus physical activity in PE. Two ad-
ditional items (x3 and x9) were deleted
in a second step because of low factor
loadings. Item x4 still dominates the rel-
evance factor to a certain extent, but the
factor loading of item x5 is also quite
high. These two items are at the core of
the factor, as they quite explicitly address
the relevance of orienting one’s own life

or society towards sustainable develop-
ment.

The newly developed questionnaire
makes it possible to examine teachers’
subject-specific beliefs about SD in the
subject PE. In the research on SD beliefs
of PE teachers, this questionnaire can be
classified between the rather general Sus-
tainability Consciousness Questionnaire
(Gericke, Boeve-de Pauw, Berglund, &
Olsson, 2019), which was used to assess
the general sustainability consciousness
(including awareness, knowingness, and
behavioral intention) of individuals re-
gardless of profession or context (Baena-
Morales et al., 2021), and the very spe-
cific PESD-FT (Physical Education Scale
for Sustainable Development in Future
Teachers; Baena-Morales et al., 2022b),
which captures which SDGs PE teachers
believe could be worked on in PE. The
questionnaire presented here can be con-
sidered complementary to these instru-
ments to ask PE teachers whether they
consider SD to be relevant for themselves
and for PE at all.

We assumed that SD beliefs (in PE)
comprise three interrelated factors: one
rathergeneral factorwhichmeasureshow
important the respondents consider SD
for themselves and for society, and two
subject-specific factorswhich capture be-
liefs about addressing SD issues in PE. It
could also be argued that the instrument
should be divided in order to assess gen-
eral and subject-specific beliefs as two
separate constructs. However, due to the
interrelatedness of beliefs, we considered
that overarching general beliefs are also
relevant for the subject-specific beliefs
and were thus included in the instru-
ment.

Criterion validation

The hypotheses for criterion validation
were confirmed regarding the associa-
tionsamongSDbeliefs andself-transcen-
dence values. In line with the literature
(deGroot&Steg, 2008; Tamar,Wirawan,
Arfah, & Putri, 2021), biospheric and al-
truistic values were positively correlated
with beliefs about the relevance of SD
and positive attitudes towards SD in PE.
Biospheric values negatively correlated
with critical attitudes towards SD in PE.
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Table 4 Results of regression analyses
Dependent variable

Relevance of SD Positive beliefs about SD in PE Critical beliefs about SD in PE

Predictors β 95%CI t p-value β 95%CI t p-value β 95%CI t p-value

(Intercept) 0.02 –0.16, 0.21 12.12 <0.001 0.12 –0.07, 0.31 6.60 <0.001 –0.12 –0.32, 0.07 5.35 <0.001

Altruistic 0.18 –0.01, 0.36 1.86 0.066 0.00 –0.18, 0.18 0.01 0.989 0.08 –0.10, 0.25 0.83 0.407

Biospheric 0.52 0.34, 0.71 5.55 <0.001 0.29 0.11, 0.46 3.27 0.001 –0.24 –0.42, –0.07 –2.73 0.007
Egoistic –0.09 –0.24, 0.06 –1.19 0.238 0.00 –0.14, 0.15 0.06 0.952 0.11 –0.04, 0.25 1.43 0.154

Hedonistic –0.12 –0.28, 0.04 –1.44 0.154 –0.04 –0.20, 0.11 0.56 0.576 0.07 –0.09, 0.22 0.84 0.404

Gender –0.05 –0.35, 0.24 –0.37 0.714 –0.27 –0.56, 0.02 –1.87 0.064 0.29 –0.01, 0.58 1.92 0.057

n 125 182 184

R2/R2adj 0.38/0.36 0.10/0.08 0.08/0.05

Standardized results are reported. gender: female= 1, male= 2
italics: significant predictor
SD sustainable development, PE physical education, CI confidence interval for β

When controlling for the other values
and gender in the regression analyses,
only biospheric values were related to the
SD beliefs. This supports the findings of
Tolppanen and Kang (2021), who found
biospheric values to be the strongest pre-
dictors of environmental attitudes and
behavior, independent of other values.
In our study, environmental values ex-
plained a considerable proportion of the
variance in beliefs about the relevance of
SD (28%) and less variance in subject-
specific SD beliefs in PE (<10%). Our
findings generally support the value-be-
lief-norm theory (Stern et al., 1999): PE
teachers with stronger biospheric values
consider SD to be more important to
their lives and society and have a more
positive and less critical attitude towards
SD in PE, which may lead to the im-
plementation of ESD in PE to protect
their (biospheric) values. In contrast to
our hypotheses, self-enhancement values
were not relevant in predicting SD be-
liefs. However, this finding also fits with
the literature, where negative effects of
self-enhancement values on sustainabil-
ity awareness or behavior are generally
assumed, butcannotalwaysbeconfirmed
(Tamar et al., 2021). Overall, the role of
egoistic and hedonistic orientations in
explaining SD-related attitudes seems to
be more complex than that of self-tran-
scendent orientations (Tolppanen et al.,
2021) and remains to be further investi-
gated.

Researchers so far have investigated
environmental values in preservice
(Tolppanen & Kang, 2021; Tolppanen

et al., 2022) and in-service (Suleri &
Cavagnaro, 2016) teachers, mostly as
predictors of pro-environmental behav-
ior. However, they have hardly been
studied as a part of (preservice) teach-
ers’ professional competence with the
theoretical background presented here,
especially not in PE. Thus, with regard
to the environmental values, our study
provides information on environmental
value orientations in the group of future
PE teachers beyond the criterion validity
of the new questionnaire.

We conclude that the newly devel-
oped instrument serves to measure be-
liefs about the relevance of SD and sub-
ject-specific positive and critical attitudes
towards SD in PE as related but clearly
distinct constructs from environmental
values. As expected, environmental val-
ues are, at least partially, associated with
these beliefs in the expected direction.
Together with the SD beliefs they might
be interpreted in terms of a belief system
that is part of PE teachers’ ESD-specific
professional competence which, in turn,
is relevant for implementing ESD in PE
(Lohmann et al., 2021).

Gender differences regarding
SD and ESD beliefs in PE and
environmental values

Gender differences emerged for subject-
specific positive and critical attitudes to-
wards SD in PE but not for beliefs about
the relevance of SD. In line with the liter-
ature (e.g., Baena-Morales et al., 2021),
female participants had stronger positive

attitudestowardsSDinPEthantheirmale
counterparts, and male participants had
stronger critical attitudes. Regarding en-
vironmental values, we only found gen-
der differences for altruistic values: fe-
male participants reported significantly
stronger altruistic values than male par-
ticipants. This is largely in line with the
findings of Sargisson et al. (2020), whose
cross-European study revealed that gen-
der accounted for very little variance in
environmental values.

Regardingtheassociationbetweenen-
vironmental values and SD beliefs in PE,
moderation analysis did not reveal dif-
ferences in the association between men
and women. Hence, although SD beliefs
in PE differ between women and men,
the association between subject-specific
beliefs about SD in PE and environmen-
tal values is the same. This indicates
that promoting environmental values in
teacher education may be a promising
approach for male and female teachers
to strengthen ESD-related professional
competence.

Limitations and implications for
future research

Thecross-sectionalnatureof the reported
data precludes any causal conclusions
about effects between study variables.
Furthermore, we used convenience sam-
pling for data collection, which might
have led to a self-selection bias, i.e., stu-
dents participating in the study who are
especially interested in sustainability is-
sues and ESD in sport and PE. There-
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fore, our results should be interpreted
as initial indications of the psychomet-
ric quality and validity of the question-
naire and should not be overgeneralized.
Future studies in various samples (e.g.,
in-service teachers, PE teachers in other
countries) are needed to further confirm
the reliability and validity of the newly
developed instrument. Additionally, this
measure should be used in future stud-
ies to investigate associations among PE
teachers’ SD beliefs, classroom practice,
and pupils’ outcomes in terms of ESD,
in order to test the predictive validity of
the instrument.

Regarding the content of the question-
naire, we removed three items that had
a rather strong focus onESD as facilitator
or represented a potential threat to physi-
cal activity time. In the future, itwouldbe
conceivable to create another factor that
specifically focuses on the integration of
ESD into PE in terms of combining cog-
nitive activating ESD learning tasks and
physical activity, with items like “I can
well imagine designing physical activity
and games on socioecological topics” or
“I think integrating education for sus-
tainable development into PE comes at
the expense of physical activity time.” In
addition to positive or critical attitudes
towards SD in PE, this would help to find
out more about the (felt) antinomy be-
tween cognitive activating and physically
active learning tasks (Chen et al., 2007).

When interpreting environmental
values as predictors of SD beliefs, we
only looked at value orientations and
beliefs as separate constructs. Following
Martin et al. (2019) and Tolppanen et al.
(2022), value profiles or belief systems
should also be considered in future re-
search in addition to individual values
and beliefs, because they might serve as
better predictors for other beliefs and
behavior.

Implications for (PE) teacher
education

Following the assumption that positive
attitudes towards SD in PE contribute
to PE teachers implementing ESD in
PE, and that biospheric values are pos-
itively associated with positive beliefs
about SD in PE, some implications for

PE teacher education can be derived.
Biospheric values could be reinforced
as principles in PE teacher education.
For example, PE teacher students should
be encouraged to actively reflect upon
their values and, where appropriate,
conflicts between their values and ac-
tions during coursework (Tolppanen
et al., 2022). Nature-based or mindful-
ness-based activities like outdoor sports,
forest bathing, or yoga could provide
a useful framework for this (Ericson
et al., 2014). But the evidence is mixed
in terms of achieving the desired belief
change in preservice teachers through
coursework, field experiences, or stu-
dent teaching (Fives & Buehl, 2012).
Kyles and Olafson (2008), for example,
found no changes in beliefs regarding
self-efficacy, diversity, and hope in the
quantitative part of theirmixed-methods
study after a one-semester field-based
diversity course. But qualitative results
showed that a process of changing beliefs
had already begun. In line with previous
literature, Kyles and Olafson (2008) sug-
gest that a) belief change needs multiple
opportunities across time to enable a dif-
ferentiated and in-depth examination of
one’s own beliefs, and b) beliefs and
belief change are dependent on prior
experiences in a specific setting.

In terms of a whole-institution ap-
proach to ESD, it would beworth consid-
eringhowbiospheric andaltruistic values
could be strengthened in teacher educa-
tion institutions through targetedcourse-
work and the development of a com-
mon value system in an educational in-
stitution. However, currently, PE teacher
education seems to emphasize hedonis-
tic and egoistic (performance-oriented)
values through performance testing, im-
provement of individual physical fitness,
or sports-focused trips and excursions.

Finally, looking at schools, policies
can be a powerful instrument to sup-
port the implementation of ESD in PE
across schools. For example, in Ger-
many, ESD is part of all federal school
curricula across school types and school
subjects (KMK, 2017). However, while
ESD may be mandatory across subjects
and schools, the specific implementa-
tion and the attention that it receives in
PE still largely depends on the teacher.

Hence, combining targeting individual
values andbeliefs and (E)SDpoliciesmay
be the most promising approach to es-
tablish ESD as part of PE.

Conclusion

Withsports andphysical activitybeingan
important part of children’s and adoles-
cents’ lives, sports settings provide great
potential for education for sustainable
development (ESD), especially physical
education (PE) as a compulsory part of
the school curriculum. To implement
ESD in PE, fostering and assessing ESD-
relatedprofessionalcompetenceof thePE
teachers is crucial. We provide a mea-
surement instrument that can be used to
assess (E)SD beliefs, one of the four key
dimensions of professional competence,
in the PE context. Our results indicate
that preservice PE teachers hold posi-
tive, but at the same time critical beliefs
about ESD in PE, and that promoting
biospheric environmental values may be
one way to promote positive ESD-related
beliefs in PE in future PE teachers. Prac-
tically speaking, PE teacher education
should promote ESD-related beliefs, re-
flect on problems future teachers see as
critical for implementing ESD in PE, and
provide solutions for how physically ac-
tive PE and ESD can be implemented.
Looking at 8.4 million children and ado-
lescents (representing about 10% of Ger-
many’s total population; Federal Statisti-
cal Office of Germany, 2022) attending
school and thus most of them also PE, PE
teachers with ESD-related professional
competence may serve as an impetus for
educating a more sustainable next gen-
eration.

Corresponding address

Julia Lohmann
Institute of Sports Science,
University of Augsburg
Universitätsstraße 3,
86159 Augsburg, Germany
julia.lohmann@uni-a.de

Funding. This research was funded by the German
Federal Ministry of Education and Research with the
grant number 01JA1809.

Funding. Open Access funding enabled and orga-
nized by Projekt DEAL.

German Journal of Exercise and Sport Research



Declarations

Conflict of interest. J. Lohmann, C.Nigg, I.Hertleand
C. Kugelmanndeclare that theyhave no competing
interests.

For thisarticlenostudieswithanimalswereperformed
by anyof the authors. All studiesmentionedwere in
accordancewith the ethical standards indicated in
each case.

Open Access. This article is licensedunder a Creative
CommonsAttribution 4.0 International License,which
permits use, sharing, adaptation, distribution and re-
production in anymediumor format, as long as you
give appropriate credit to the original author(s) and
the source, provide a link to the Creative Commons li-
cence, and indicate if changesweremade. The images
or other third partymaterial in this article are included
in the article’s Creative Commons licence, unless in-
dicatedotherwise in a credit line to thematerial. If
material is not included in the article’s Creative Com-
mons licence and your intendeduse is not permitted
by statutory regulation or exceeds the permitteduse,
youwill need toobtain permissiondirectly from the
copyright holder. To viewa copyof this licence, visit
http://creativecommons.org/licenses/by/4.0/.

References

Andersson, K., Jagers, S., Lindskog, A., & Martinsson,
J. (2013). Learning for the future? Effects of
education for sustainable development (ESD)
on teacher education students. Sustainability,
5(12), 5135–5152. https://doi.org/10.3390/
su5125135.

Baena-Morales, S., Ferriz-Valero, A., Campillo-Sánchez,
J., & González-Víllora, S. (2021). Sustainability
awareness of in-service physical education
teachers. Education Sciences, 11(12), 798.
https://doi.org/10.3390/educsci11120798.

Baena-Morales, S., Prieto-Ayuso, A., Merma-Molina,
G., & González-Víllora, S. (2022a). Exploring
physical education teachers’ perceptions of
sustainable development goals and education
for sustainable development. Sport, Education
and Society. https://doi.org/10.1080/13573322.
2022.2121275.

Baena-Morales, S., Urrea-Solano, M., Gavilán-Martin,
D., & Ferriz-Valero, A. (2022b). Developmentand
validation of an instrument to assess the level
of sustainable competencies in future physical
education teachers. PESD-FT questionnaire.
Journal of Applied Research in Higher Education.
https://doi.org/10.1108/JARHE-09-2021-0330.

Baumert, J., & Kunter, M. (2006). Stichwort:
Professionelle Kompetenz von Lehrkräften.
Zeitschrift für Erziehungswissenschaft, 9(4), 469–
520.

Baumgartner, M. (2022). Professional competence(s)
ofphysicaleducationteachers: terms, traditions,
modelling and perspectives. German Journal
of Exercise and Sport Research, 52(4), 550–557.
https://doi.org/10.1007/s12662-022-00840-z.

Bernard, P., Chevance, G., Kingsbury, C., Baillot, A.,
Romain, A.-J.,Molinier, V., Gadais, T., &Dancause,
K.N. (2021). Climate change, physical activity
and sport: a systematic review. Sports medicine,
51(5), 1041–1059. https://doi.org/10.1007/
s40279-021-01439-4.

Borowy, I. (2014). Defining sustainable development
for our common future: A history of the World
Commission on Environment and Development
(Brundtland Commission). Routledge.

Brand, C., Dons, E., Anaya-Boig, E., Avila-Palencia, I.,
Clark, A., de Nazelle, A., Gascon, M., Gaupp-
Berghausen, M., Gerike, R., Götschi, T., Iacorossi,
F.,Kahlmeier,S.,Laeremans,M.,Nieuwenhuijsen,
M. J., Pablo Orjuela, J., Racioppi, F., Raser, E.,
Rojas-Rueda, D., Standaert, A., et al. (2021). The
climate changemitigation effects of daily active
travel in cities. Transportation Research Part D:
Transport and Environment, 93, 102764. https://
doi.org/10.1016/j.trd.2021.102764.

Bucht, C., Mess, F., Bachner, J., & Spengler, S.
(2022). Education for sustainable development
in physical education: Program development
by use of intervention mapping. Frontiers in
Education, 7, 1017099. https://doi.org/10.3389/
feduc.2022.1017099.

Chen, A., Martin, R., Sun, H., & Ennis, C.D. (2007). Is
in-class physical activity at risk in constructivist
physical education? Research Quarterly for
Exercise and Sport, 78(5), 500–509. https://doi.
org/10.1080/02701367.2007.10599449.

Clayton, S. (2003). Environmental Identitiy: a
conceptual and operational definition. In
S.O. Clayton (Ed.), Identity and the natural
environment: the psychological significance of
nature (pp.45–65).MIT Press.

Dunlap, R. E., van Liere, K.D.,Mertig, A.G., & Jones, R. E.
(2000). Newtrends inmeasuringenvironmental
attitudes: measuring endorsement of the new
ecologicalparadigm: a revisedNEPscale. Journal
of Social Issues, 56(3), 425–442. https://doi.org/
10.1111/0022-4537.00176.

Ericson, T., Kjønstad, B. G. & Barstad, A. (2014).
Mindfulness and sustainability. Ecological
Economics, 104,73–79. https://doi.org/10.1016/
j.ecolecon.2014.04.007.

Esa, N. (2010). Environmental knowledge, attitude
and practices of student teachers. International
Research in Geographical and Environmental
Education, 19(1), 39–50. https://doi.org/10.
1080/10382040903545534.

Ezpeleta, A. L.M., & Echegoyen-Sanz, Y. (2020).
Actitudes medioambientales de maestros en
formación en el aula de literatura. Profesorado,
Revista de Currículum y Formación del Profeso-
rado, 24(1), 184–202. https://doi.org/10.30827/
profesorado.v24i1.8504.

Fives, H., & Buehl,M.M. (2012). Spring cleaning for the
‘messy’ construct of teachers’ beliefs: what are
they? Which have been examined? What can
they tell us? In S. Knapp & M.C. Gottlieb (Eds.),
APA handbook of ethics in psychology (pp. 471–
499). AmericanPsychologicalAssociation.

Fröberg, A., Wiklander, P., & Lundvall, S. (2022).
Sustainabledevelopment competencies among
more than 1100 certified physical education
and health teachers in Sweden. International
Journal of Environmental Research and Public
Health, 19(23), 15914. https://doi.org/10.3390/
ijerph192315914.

Gericke, N., Boeve-de Pauw, J., Berglund, T., & Olsson,
D. (2019). The sustainability consciousness
questionnaire: the theoretical developmentand
empirical validationof anevaluation instrument
for stakeholders working with sustainable
development. Sustainable Development, 27(1),
35–49. https://doi.org/10.1002/sd.1859.

Gieß-Stüber, P., & Thiel, A. (2016). Secondary level
I: physical education/sports. In Standing
Conference of the Ministers of Education

and Cultural Affairs & Federal Ministry for
EconomicCooperation andDevelopment (Eds.),
Curriculum framework: education for sustainable
development (pp.350–370). Cornelsen.

de Groot, J. I.M., & Steg, L. (2007). Value orientations
andenvironmentalbeliefs infivecountries. Jour-
nal of Cross-Cultural Psychology, 38(3), 318–332.
https://doi.org/10.1177/0022022107300278.

de Groot, J. I.M., & Steg, L. (2008). Value orientations
to explain beliefs related to environmental
significant behavior. Environment and behavior,
40(3), 330–354. https://doi.org/10.1177/
0013916506297831.

Himi, H., & Bonny-Noach, H. (2018). Personal
and professional attitudes and behavioral
patterns concerning cannabis use of teachers
and youth workers in Israel. Journal of Drug
Issues, 48(1), 67–77. https://doi.org/10.1177/
0022042617729677.

Howard, M.C. (2016). A review of exploratory factor
analysis decisions and overview of current
practices: what we are doing and how can
we improve? International Journal of Human-
Computer Interaction, 32(1), 51–62. https://doi.
org/10.1080/10447318.2015.1087664.

IPCC(2022). Climatechange2022: impacts,adaptation
and vulnerability. Summary for Policymakers.
https://doi.org/10.1017/9781009325844.001.

Kleiner, A., Freuler, B.W., Arnberger, A., & Hunziker,
M. (2022). Biking-hiking conflicts and their
mitigation in urban recreation areas: Results of
a quasi-experimental long-term evaluation in
the Zurich forest. Journal of Outdoor Recreation
and Tourism, 40, 100563. https://doi.org/10.
1016/j.jort.2022.100563.

Kline, R. B. (2016). Principles and practice of structural
equation modeling. Methodology in the social
sciences. Guilford.

Kultusministerkonferenz (KMK) (2017). Zur Situation
und zu Perspektiven der Bildung für nachhaltige
Entwicklung: Bericht der Kultusministerkonferenz
vom 17.03.2017

Kuwaczka, L. F., Mitterwallner, V., Audorff, V., &
Steinbauer, M. J. (2023). Ecological impacts of
(electrically assisted) mountain biking. Global
Ecology and Conservation,44, e2475. https://doi.
org/10.1016/j.gecco.2023.e02475.

Kyles, C. R., & Olafson, L. (2008). Uncovering
preservice teachers’ beliefs about diversity
through reflective writing. Urban Education,
43(5), 500–518. https://doi.org/10.1177/
0042085907304963.

Lohmann, J., Breithecker, J., Ohl, U., Gieß-Stüber, P.,
& Brandl-Bredenbeck, H. P. (2021). Teachers’
professionalactioncompetence ineducation for
sustainable development: a systematic review
from the perspective of physical education.
Sustainability, 13(23), 13343. https://doi.org/10.
3390/su132313343.

Marsh, H.W., Hau, K. T., Balla, J. R., &Grayson, D. (1998).
Ismoreever toomuch? Thenumberof indicators
per factor in confirmatory factor analysis.
Multivariate behavioral research,33(2), 181–220.
https://doi.org/10.1207/s15327906mbr3302_
1.

Marsh,H.W.,Morin,A. J. S.,Parker,P.D.,&Kaur,G.(2014).
Exploratory structural equation modeling: an
integration of the best features of exploratory
and confirmatory factor analysis. Annual review
of clinical psychology, 10, 85–110. https://doi.
org/10.1146/annurev-clinpsy-032813-153700.

Martin, A., Park, S., & Hand, B. (2019). What happens
when a teacher’s science belief structure is in
disequilibrium? Entanglednature of beliefs and

German Journal of Exercise and Sport Research

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/su5125135
https://doi.org/10.3390/su5125135
https://doi.org/10.3390/educsci11120798
https://doi.org/10.1080/13573322.2022.2121275
https://doi.org/10.1080/13573322.2022.2121275
https://doi.org/10.1108/JARHE-09-2021-0330
https://doi.org/10.1007/s12662-022-00840-z
https://doi.org/10.1007/s40279-021-01439-4
https://doi.org/10.1007/s40279-021-01439-4
https://doi.org/10.1016/j.trd.2021.102764
https://doi.org/10.1016/j.trd.2021.102764
https://doi.org/10.3389/feduc.2022.1017099
https://doi.org/10.3389/feduc.2022.1017099
https://doi.org/10.1080/02701367.2007.10599449
https://doi.org/10.1080/02701367.2007.10599449
https://doi.org/10.1111/0022-4537.00176
https://doi.org/10.1111/0022-4537.00176
https://doi.org/10.1016/j.ecolecon.2014.04.007
https://doi.org/10.1016/j.ecolecon.2014.04.007
https://doi.org/10.1080/10382040903545534
https://doi.org/10.1080/10382040903545534
https://doi.org/10.30827/profesorado.v24i1.8504
https://doi.org/10.30827/profesorado.v24i1.8504
https://doi.org/10.3390/ijerph192315914
https://doi.org/10.3390/ijerph192315914
https://doi.org/10.1002/sd.1859
https://doi.org/10.1177/0022022107300278
https://doi.org/10.1177/0013916506297831
https://doi.org/10.1177/0013916506297831
https://doi.org/10.1177/0022042617729677
https://doi.org/10.1177/0022042617729677
https://doi.org/10.1080/10447318.2015.1087664
https://doi.org/10.1080/10447318.2015.1087664
https://doi.org/10.1017/9781009325844.001
https://doi.org/10.1016/j.jort.2022.100563
https://doi.org/10.1016/j.jort.2022.100563
https://doi.org/10.1016/j.gecco.2023.e02475
https://doi.org/10.1016/j.gecco.2023.e02475
https://doi.org/10.1177/0042085907304963
https://doi.org/10.1177/0042085907304963
https://doi.org/10.3390/su132313343
https://doi.org/10.3390/su132313343
https://doi.org/10.1207/s15327906mbr3302_1
https://doi.org/10.1207/s15327906mbr3302_1
https://doi.org/10.1146/annurev-clinpsy-032813-153700
https://doi.org/10.1146/annurev-clinpsy-032813-153700


Main Article

practice. Research in Science Education, 49(3),
885–920. https://doi.org/10.1007/s11165-017-
9644-0.

Mayer, F., & Frantz, C.M. (2004). The connectedness
to nature scale: A measure of individuals’
feeling in community with nature. Journal
of Environmental Psychology, 24(4), 503–515.
https://doi.org/10.1016/j.jenvp.2004.10.001.

Mróz, A., Tomczyk, Ł., Ocetkiewicz, I., & Walotek-
Ściańska, K. (2018). Teachers’ knowledge on
education for sustainabledevelopment—Polish
context. Croatian Journal of Education, 20(3),
1001–1028.

Müller, M., Wolfe, S.D., Gaffney, C., Gogishvili, D., Hug,
M., & Leick, A. (2021). An evaluation of the
sustainability of the Olympic Games. Nature
Sustainability,4(4), 340–348. https://doi.org/10.
1038/s41893-021-00696-5.

Nigg, C., & Nigg, C. R. (2021). It’s more than climate
change and active transport-physical activity’s
role in sustainable behavior. Translational
behavioral medicine,11(4), 945–953. https://doi.
org/10.1093/tbm/ibaa129.

Nousheen, A., Yousuf Zai, S. A., Waseem, M., &
Khan, S. A. (2020). Education for sustainable
development (ESD): Effects of sustainability
education on pre-service teachers’ attitude
towards sustainable development (SD). Journal
of Cleaner Production. https://doi.org/10.1016/j.
jclepro.2019.119537.

Pe’er, S., Goldman, D., & Yavetz, B. (2010). Environ-
mental literacy in teacher training: Attitudes,
knowledge, and environmental behavior of be-
ginning students. The Journal of Environmental
Education, 39, 45–59. https://doi.org/10.3200/
JOEE.39.1.45-59.

R Core Team (2018). R: A language and environment
for statistical computing. R Foundation for
Statistical Computing. https://www.R-project.
org/. Accessed27.01.2023.

Revelle, W. (2017). psych: Procedures for Personality
and Psychological Research: Version 1.7.8.
Northwestern University. https://CRAN.R-
project.org/package=psych.

Rieß, W., Mischo, C., Reinbolz, A., Richter, K., &
Dobler, C. (2008). Evaluationsbericht „Bildung
für nachhaltige Entwicklung an weiterführenden
Schulen in Baden-Württemberg“. Im Auftrag
von Umweltministerium Baden-Württemberg,
StiftungNaturschutzfondsbeimMinisteriumfür
Ernährungund ländlichenRaum inKooperation
mit demMinisterium für Kultus und Unterricht
Baden-Württemberg

Rosseel, Y. (2012). lavaan : an R package for structural
equation modeling. Journal of Statistical
Software. https://doi.org/10.18637/jss.v048.i02.

Sargisson, R. J., de Groot, J. I.M., & Steg, L. (2020). The
relationship between sociodemographics and
environmental values across seven European
countries. Frontiers in Psychology, 11, 2253.
https://doi.org/10.3389/fpsyg.2020.02253.

Schermelleh-Engel, K., Moosbrugger, H., & Müller, H.
(2003). Evaluating the fit of structural equation
models: Tests of significance and descriptive
goodness-of-fit measures. MPR-Online, 8(2),
23–74.

Schmidt, S. C. E., Anedda, B., Burchartz, A., Oriwol, D.,
Kolb, S.,Wäsche,H.,Niessner,C.,&Woll,A. (2020).
Thephysical activityof childrenandadolescents
in Germany 2003–2017: TheMoMo-study. PloS
one, 15(7), e236117. https://doi.org/10.1371/
journal.pone.0236117.

Schwartz, S. H. (1992). Universals in the content and
structure of values: theoretical advances and

empirical tests in 20 countries. In M. P. Zanna
(Ed.),Advances in experimental social psychology.
Advances in experimental social psychology (Vol.
25, pp. 1–65). Academic Press. https://doi.org/
10.1016/S0065-2601(08)60281-6.

Silvestrin, M. (2020). Exploratory structural equation
modeling in R. https://msilvestrin.me/post/
esem/. Accessed18.12.2022.

Skott, J. (2015). The promises, problems, and
prospects of research on teachers’ beliefs. In
H. Fives & M. Gregoire Gill (Eds.), Educational
psychology handbook series. International hand-
book of research on teachers’ beliefs (pp. 25–
42). Routledge. https://doi.org/10.4324/
9780203108437-8.

Staatsministerium für Unterricht und Kultus.
(2023). Bildung für Nachhaltige Entwick-
lung (Umweltbildung, Globales Lernen):
LehrplanPLUS. https://www.lehrplanplus.
bayern.de/uebergreifende-ziele/textabsatz/
24777. Accessed15.01.2023.

Statistisches Bundesamt (2022). Anzahl der
SchülerInnen an allgemeinbildenden Schulen
in Deutschland in den Schuljahren von
1992/1993 bis 2021/2022. https://de.statista.
com/statistik/daten/studie/1009802/umfrage/
anzahl-schueler-in-deutschland/. Accessed
04.01.2023.

Steg, L., Perlaviciute, G., van der Werff, E., &
Lurvink, J. (2014). The significance of hedonic
values for environmentally relevant attitudes,
preferences, and actions. Environment and
behavior, 46(2), 163–192. https://doi.org/10.
1177/0013916512454730.

Stern, P. C., Dietz, T., Abel, T., Guagnano, G.A., &
Kalof, L. (1999). A value-belief-norm theory
of support for social movements: the case of
environmentalism. Human Ecology Review, 6(2),
81–97.

Suleri, J., & Cavagnaro, E. (2016). Promoting pro-
environmental printingbehavior: The roleof ICT
barriers and sustainable values. International
Journal of Education and Development using
Information and Communication Technology
(IJEDICT),12(2), 158–174.

Sutton, S. G., & Gyuris, E. (2015). Optimizing the
environmentalattitudes inventory. International
Journal of Sustainability in Higher Education,
16(1), 16–33. https://doi.org/10.1108/IJSHE-03-
2013-0027.

Tamar, M., Wirawan, H., Arfah, T., & Putri, R. P. S. (2021).
Predicting pro-environmental behaviours: the
role of environmental values, attitudes and
knowledge. Management of Environmental
Quality: An International Journal, 32(2), 328–
343. https://doi.org/10.1108/MEQ-12-2019-
0264.

Tolppanen, S., & Kang, J. (2021). The effect of values
on carbon footprint and attitudes towards pro-
environmental behavior. Journal of Cleaner
Production, 282, 124524. https://doi.org/10.
1016/j.jclepro.2020.124524.

Tolppanen, S., &Kärkkäinen, S. (2022). Limits of caring:
pre-service teachers’ reasons for not taking
high-impactactions tomitigate climate change.
Environmental Education Research, 28(7), 986–
1002. https://doi.org/10.1080/13504622.2021.
2007224.

Tolppanen, S., Kang, J. & Riuttanen, L. (2022). Changes
in students’ knowledge, values, worldview, and
willingnesstotakemitigativeclimateactionafter
attending a course on holistic climate change
education. Journal of Cleaner Production, 373,

133865. https://doi.org/10.1016/j.jclepro.2022.
133865.

UNESCO (2020). Education for sustainable devel-
opment: A roadmap. Paris. https://www.
unesco.de/bildung/bildung-fuer-nachhaltige-
entwicklung/unesco-programm-bne-2030. Ac-
cessed04.01.2023.

WorldCommissiononEnvironmentandDevelopment
(WCED) (1987). Our common future. Oxford
paperbacks. OxfordUniversityPress.

World Health Organization (WHO) (2018). More active
people for a healthier world: Global action plan
on physical activity 2018–2030 (Let’s be active).
Genf:WorldHealthOrganization.

Yavetz, B., Goldman, D., & Pe’er, S. (2014). How
do preservice teachers perceive ‘environment’
and its relevance to their area of teaching?
Environmental Education Research, 20(3), 354–
371. https://doi.org/10.1080/13504622.2013.
803038.

German Journal of Exercise and Sport Research

https://doi.org/10.1007/s11165-017-9644-0
https://doi.org/10.1007/s11165-017-9644-0
https://doi.org/10.1016/j.jenvp.2004.10.001
https://doi.org/10.1038/s41893-021-00696-5
https://doi.org/10.1038/s41893-021-00696-5
https://doi.org/10.1093/tbm/ibaa129
https://doi.org/10.1093/tbm/ibaa129
https://doi.org/10.1016/j.jclepro.2019.119537
https://doi.org/10.1016/j.jclepro.2019.119537
https://doi.org/10.3200/JOEE.39.1.45-59
https://doi.org/10.3200/JOEE.39.1.45-59
https://www.R-project.org/
https://www.R-project.org/
https://CRAN.R-project.org/package=psych
https://CRAN.R-project.org/package=psych
https://doi.org/10.18637/jss.v048.i02
https://doi.org/10.3389/fpsyg.2020.02253
https://doi.org/10.1371/journal.pone.0236117
https://doi.org/10.1371/journal.pone.0236117
https://doi.org/10.1016/S0065-2601(08)60281-6
https://doi.org/10.1016/S0065-2601(08)60281-6
https://msilvestrin.me/post/esem/
https://msilvestrin.me/post/esem/
https://doi.org/10.4324/9780203108437-8
https://doi.org/10.4324/9780203108437-8
https://www.lehrplanplus.bayern.de/uebergreifende-ziele/textabsatz/24777
https://www.lehrplanplus.bayern.de/uebergreifende-ziele/textabsatz/24777
https://www.lehrplanplus.bayern.de/uebergreifende-ziele/textabsatz/24777
https://de.statista.com/statistik/daten/studie/1009802/umfrage/anzahl-schueler-in-deutschland/
https://de.statista.com/statistik/daten/studie/1009802/umfrage/anzahl-schueler-in-deutschland/
https://de.statista.com/statistik/daten/studie/1009802/umfrage/anzahl-schueler-in-deutschland/
https://doi.org/10.1177/0013916512454730
https://doi.org/10.1177/0013916512454730
https://doi.org/10.1108/IJSHE-03-2013-0027
https://doi.org/10.1108/IJSHE-03-2013-0027
https://doi.org/10.1108/MEQ-12-2019-0264
https://doi.org/10.1108/MEQ-12-2019-0264
https://doi.org/10.1016/j.jclepro.2020.124524
https://doi.org/10.1016/j.jclepro.2020.124524
https://doi.org/10.1080/13504622.2021.2007224
https://doi.org/10.1080/13504622.2021.2007224
https://doi.org/10.1016/j.jclepro.2022.133865
https://doi.org/10.1016/j.jclepro.2022.133865
https://www.unesco.de/bildung/bildung-fuer-nachhaltige-entwicklung/unesco-programm-bne-2030
https://www.unesco.de/bildung/bildung-fuer-nachhaltige-entwicklung/unesco-programm-bne-2030
https://www.unesco.de/bildung/bildung-fuer-nachhaltige-entwicklung/unesco-programm-bne-2030
https://doi.org/10.1080/13504622.2013.803038
https://doi.org/10.1080/13504622.2013.803038

	Preservice physical education teachers’ beliefs about sustainable development in physical education—scale development and validation
	Abstract
	Introduction
	Background and theoretical lens
	Sustainable development and education for sustainable development in PE
	ESD-specific professional competence of PE teachers—the role of teachers’ beliefs and values
	Empirical findings about PE teachers’ SD beliefs
	Research gaps and purpose of this study

	Methods
	Procedure
	Sample and data collection
	Item development: beliefs about SD in PE
	Measurement for criterion validation: environmental values
	Statistical analysis

	Results
	Scale development: beliefs about SD and ESD in PE
	Psychometric properties
	Descriptive statistics and gender differences

	Criterion validation
	Bivariate correlations
	Regression analyses


	Discussion
	Scale development and psychometric properties
	Criterion validation
	Gender differences regarding SD and ESD beliefs in PE and environmental values
	Limitations and implications for future research
	Implications for (PE) teacher education

	Conclusion
	Supplementary Information
	References


