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Abstract: Non-sustainable food choices are responsible for many global challenges, such as
biodiversity loss and climate change. To achieve a transformation toward sustainable nutrition, it is
crucial to implement education for sustainable development (ESD), with the key issue “nutrition”,
in schools and teacher training. Biology teachers are crucial for promoting ESD competences. Thus,
the main aim of the study is to investigate the social and environmental psychological factors that may
affect the intention of student biology teachers to eat sustainably as an integral part of their action
competence needed for teaching this topic effectively. We conducted a paper-pencil questionnaire
(N = 270, Mage = 22.9; SD = 2.8) based on the theory of planned behavior (TPB) and expanded the
model by integrating environmental concern and nature relatedness. A path model is reported to
show the relationships between the variables. The results show that the extended TPB model is
suitable for predicting the intention to eat sustainably. Nature relatedness and altruistic concern
positively predict attitudes and the intention to eat sustainably. This study suggests further research
on the importance of (student) teachers’ nutritional behavior, as a possible determinant of the intention
to teach this topic in their future school career.

Keywords: sustainable nutrition; pre-service biology teachers; attitudes; subjective norm; perceived
behavioral control; environmental concern; nature connectedness; teacher training; education for
sustainable development

1. Introduction

1.1. Nutrition and its Role in Sustainable Development

Many of the recent global environmental problems, such as biodiversity loss and climate change,
are affected by unsustainable human behavior. This is mainly due to humankind’s unsustainable
eating habits, with high meat consumption and a high amount of food waste [1,2]. Moreover, the world
population is expected to reach 10.9 billion by 2100 [3]. This is accompanied by an increase in meat and
dairy consumption, especially in the emerging and developing countries [4]. To meet the increased
nutritional demands, an agricultural transition, as well as a restructuring of the food system and
changes in individual eating habits toward more sustainability are needed [5,6].

According to von Koerber [7], the concept of sustainable nutrition is based on five dimensions:
(1) health, (2) society, (3) economy, (4) environment, and (5) culture. In addition to these, von Koerber [7]
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proposes practical orientations for actions to implement the concept of sustainability in the field of
nutrition. The following seven principles can be understood as concrete instructions for everyday action
to achieve sustainable nutrition: preference for (1) plant-based foods, (2) organic foods, (3) minimally
processed foods, (4) regional and seasonal products, (5) fair trade food products, (6) resource-saving
housekeeping, and (7) an enjoyable eating culture. So far, the goal of sustainable nutrition has not been
sufficiently implemented in daily nutrition behavior [7].

1.2. Nutrition as an Appropriate Learning Field for Education for Sustainable Development

Nutrition is thus a key issue in the progress of sustainable development [8]. Therefore, it is
necessary to find determinants that underlie sustainable nutrition and practical approaches to solutions
to generate a transformative sustainable change [9,10].

Sustainable nutrition is linked to many of the 17 Sustainable Development Goals (SDGs) [11].
Consequently, within Agenda 2030, the transition to sustainable nutrition is required for achieving the
SDGs (e.g., SDG 2, “Zero hunger”; or SDG 12, “Responsible consumption and production”). Here,
teacher training plays an important role in reaching the SDGs in the formal education sector and has
been regarded as a priority field of the UNESCO Global Action Programme (GAP) on Education for
Sustainable Development (ESD) [12,13]. The aim is to ensure, by 2030, that all teachers and learners
have the required competencies through ESD to promote sustainable development (SDG 4, “Quality
education”) [11], as this is an obligatory part of German school curricula for biology [14]. Education
is a necessary tool that can contribute directly to sustainability and to solving global environmental
problems, such as the transformation toward sustainable nutrition [15]. In 2012, “nutrition” was
declared an appropriate learning field for ESD [16]. ESD aims to deliver transformational education
that empowers learners “to take informed decisions and responsible actions for environmental integrity,
economic viability and a just society, for present and future generations” [11] (p. 7). In addition, it plays
a crucial role, as it can contribute to the change needed and promote the acquisition of sustainability
competencies and, thus, a change in eating habits toward greater sustainability [17].

In the context of ESD, the aim should not be to prescribe certain ways of thinking and behaving or
to accept them without reflection. Rather, the aim should be to enable people to critically question
their own values and attitudes in the context of sustainable development in the sense of reflected
decision-making [11,18]. Thus, the acquisition of so-called holistic sustainability competencies, such as
knowledge, attitudes, values, beliefs, and behavior, is not only relevant for learners but also for (student)
teachers [10,11,19–21]. This highlights the importance of teacher education. Before addressing learners,
it is crucial to find teacher educators who can act as mediators of the learning processes, as they
are key agents in educating new teachers, who will later affect the shaping of future sustainability
makers [15,22].

1.3. Teachers’ Professional Action Competencies for Teaching Sustainability Topics

Given the need for teachers to develop such a large variety of cognitive and affective
competencies in their students, teaching about sustainability is very demanding for teachers. Therefore,
the conceptualizations of how effective teachers may be educated are rather complex. One possibility
for defining the competencies of effective teachers is the model of professional action competence [23].
This model defines several cognitive and affective variables as being essential for effective teaching.
First and foremost, teachers need sufficient professional knowledge from the different domains of
content, pedagogical, and the subsequent pedagogical content knowledge [24]. In addition to this,
Baumert and Kunter [23] also defined beliefs, values, and motivations as other competencies needed
for effective teaching. These more affective variables may be especially necessary in regard to teaching
about sustainability topics [25]. For example, a study on the topic of returning wolves as a biodiversity
issue found how the protection motivation of wolves was connected to the enjoyment of teaching
about the species [26]. Similarly, general values may also affect the enjoyment teachers experience
when teaching in inclusive settings [27].
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This professional action competence may also be needed to successfully teach nutrition as
an ESD topic in schools [28]. Student teachers’ sustainability competencies (knowledge, attitudes,
values, beliefs, behavior) profoundly affect their future teaching practice, as their ways of thinking
and understanding are necessary components of their teaching practice [29]. Their knowledge,
attitudes, values, beliefs, and behavior can also have an effect on their teaching activities and teaching
motivation [26,30–35]. In addition, student teachers’ competencies are crucial for restructuring
educational processes and educational institutions toward sustainability [36]. These sustainability
competencies can be particularly promoted by the topic of sustainable nutrition [8,16]. However,
previous studies have given them only scant consideration [37].

In particular, biology teachers should be able to meet the challenges of sustainable nutrition
and their own role in this process [28]. Considering this, universities should address and convey a
central comprehension of sustainability, so that students can consider this perspective in their future
professional activities as teachers [17]. This is all the more true because teachers can act as role
models—especially regarding sustainable behavior—and therefore give young people direction for
their own attitudes and actions [38]. It is highly important that teachers understand the concept
of sustainable development, give credence to the significance of ESD, and believe in the power of
education to affect sustainability issues, as well as sharing the vision of a sustainable world. Adequate
and efficient educational programs at schools and universities on the key topic of sustainable nutrition
could offer great potential within the framework of ESD to induce behavioral changes in both students
and teachers [8].

Even if the implementation of ESD and the topic of nutrition is still missing in German teacher
education in many places [11,39,40], it is important to investigate the intention of student biology
teachers to eat sustainably and its influencing factors. Investigating the (sustainable) nutritional
behavior of student biology teachers is promising, as this may be a possible part of their professional
action competence needed for the effective teaching of sustainable nutrition as an ESD topic in schools.
Furthermore, the intention to eat sustainably may have an effect on the intention to teach this topic,
the quality of teaching, and the students’ learning progress. So far, this possible causal relationship is
merely an assumption.

Whether student biology teachers in Germany have positive attitudes toward sustainable nutrition
and intend to eat sustainably has only been shown in an initial study [41]. Before the influence of
teaching behavior is examined, the present study first examines whether and to what extent student
biology teachers intend to eat sustainably, and what factors may predict this intention.

1.4. Aim of the Present Study

For this study, selected aspects of teachers’ professional action competence for the topic of
sustainable nutrition [23] are operationalized via the theory of planned behavior (TPB) [42]. The TPB is
considered suitable for identifying attitudes, subjective norm, and perceived behavioral control, which
may have an influence on the intention to eat sustainably. The TPB has been successfully applied
in the context of different sustainable and environmentally friendly behaviors [43,44]. Furthermore,
its usefulness for studies with (student) teachers has been demonstrated [45,46].

As many individual background factors can influence a person’s attitudes [47], and variables
from environmental psychology seem to be promising for investigating attitudes toward sustainable
nutrition [48–50], the present study aims to show to what extent the environmental psychological
variables nature relatedness and environmental concern impact on the TPB variables in the context
of sustainable nutrition. Therefore, an extended TPB model for predicting student biology teachers’
intention to eat sustainably will be tested. It can be used to derive empirically based educational
interventions for biology teacher training at universities.

In more detail, the aim of the present study is two-fold: first, we want to examine whether
and to what extent attitudes, subjective norm, and perceived behavioral control as TPB variables
affect the intention to eat sustainably. Second, we will assess whether environmental concern and
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nature relatedness—which have been added to the TPB model—have explanatory power for attitudes,
subjective norm, perceived behavioral control, and the intention of student biology teachers to eat
sustainably. The resulting TPB-based conceptual framework, including the hypothesized determinants
of the intention to eat sustainably, is presented in Figure 1.

2. Theoretical Framework: An Extended TPB

In environmental and nutritional psychology, the TPB is one of the most frequently used models
for explaining environmentally friendly and sustainable behavior [51,52]. The model has been used for
explaining sustainable consumption, waste reduction, and energy or water saving [20,43,53–55].

In the TPB, behavioral intention captures the motivational factors that influence a person’s decision
to perform (or not) a particular behavior and is a measure of how much effort the person wants to
put into it. Behavioral intention is the most important predictor and the primary antecedent for the
behavior [53,56]. It is determined by three variables (Figure 1): (1) attitudes, (2) subjective norm, and
(3) perceived behavioral control [42,57]. These variables differ in terms of different target behavior
and different groups of people [56]. Yet, it has been shown that attitudes, subjective norm, and
perceived behavioral control correlate positively with the intention of student biology teachers to eat
sustainably [41].
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In addition to these specialized factors from the original TPB, the present study investigates how
far other sustainability-related variables may be relevant to the intention to eat sustainably. Such a
connection of more general factors to more specialized ones can be hypothesized from the theory
of cognitive hierarchy. The theory states that deeper personality variables such as values are the
foundation of higher-order attitudes and behaviors [58]. Consequently, the variables are understood as
part of a cognitive hierarchy, moving from general values to more specific attitudes toward sustainable
nutrition and norms, and up to the intention to eat sustainably [58,59].
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2.1. Original Variables of the TPB

2.1.1. Attitudes toward Sustainable Nutrition

Attitudes indicate to what degree a person has a favorable or unfavorable evaluation of the
behavior of interest [42]. If respondents believe that eating sustainably has mainly positive effects on the
environment, their attitudes toward sustainable nutrition are likely to be positive, and vice versa [20].
Furthermore, attitudes might have an effect on teaching motivation, teaching behavior [26,30–35], and
on the integration of ESD contexts—such as sustainable nutrition—into biology teaching [26].

In previous studies on healthy and sustainable dietary behavior, attitudes proved to be the most
relevant TPB variable for health-promoting dietary behavior [60], the intention to eat insect-based
products [61], and the intention to consume sustainable dairy products [44]. Therefore, we assume that
positive attitudes toward sustainable nutrition should also have a high influence on the intention to eat
sustainably in our student biology teacher sample.

Hypothesis 1 (H1). Attitudes toward sustainable nutrition are a positive predictor of the intention of student
biology teachers to eat sustainably.

2.1.2. Subjective Norm

Subjective norm refers to the individually perceived social pressure to perform a certain behavior
(or not). The opinions and expectations of the social environment affect the development of a person’s
behavioral intention and help to determine whether the person will actually carry out a certain
behavior [42,57]. Subjective norm seems to be less important in the context of sustainable nutrition [41].
Based on the literature, it can be assumed that subjective norm has a positive influence on student
biology teachers’ intention to eat sustainably, albeit to a smaller extent than attitudes or perceived
behavioral control.

Hypothesis 2 (H2). Subjective norm is a positive predictor of the intention of student biology teachers to
eat sustainably.

2.1.3. Perceived Behavioral Control

Perceived behavioral control refers to the perception of one’s own ability and the anticipated
degree of difficulty in performing the behavior of interest [42,57]. It has particularly high relevance
in behavioral prediction when the person has little control over how to behave, regardless of how
positive their attitudes are. For example, if respondents find it difficult to eat sustainably due to a
lack of time or financial resources, perceived behavioral control will be low and affect the intention
negatively [43,62]. Therefore, it can be assumed for the present study that a high level of perceived
behavioral control makes a major contribution to the respondent’s intention to eat sustainably.

Hypothesis 3 (H3). Perceived behavioral control is a positive predictor of the intention of student teachers to
eat sustainably.

2.2. Extending the TPB: Nature Relatedness and Environmental Concern

Despite the multifaceted application of the TPB, there are concerns about the incompleteness of the
model [10]. To increase the predictive power of the intention to eat sustainably, the inclusion of further
predictors is recommended [42,63–65]. Variables from environmental psychology in particular seem
to be promising for researching the formation of attitudes and motives in the context of sustainable
nutrition [41]. So far, only a few studies based on the TPB have taken these determinants into
account [56].

Nature relatedness is a predictor of various pro-environmental and sustainable behaviors, such
as the purchase behavior of environmentally friendly products [66,67], as well as the intention to eat



Sustainability 2020, 12, 4909 6 of 19

sustainably [39]. In addition, environmental concern has an influence on the willingness to buy organic
food [48,50,68]. The extent to which environmental concern [69] and nature relatedness [70] influence
the intention of student biology teachers to eat sustainably has been investigated insufficiently and in
very few studies [41].

Therefore, the present study focusses on the role of nature relatedness [70] and the three types of
environmental concern (altruistic, egoistic, biospheric) [69], to gain deeper insight into the variables
affecting the intention to eat sustainably.

2.2.1. Nature Relatedness

Nature relatedness is defined as a permanently existing personality trait that can, however, change
depending on environmental conditions [71,72]. It encompasses the individual differences in human
attachment to the natural environment, and expresses the extent to which people identify with it [70,73,74].
Being related to nature can predict environmentally friendly attitudes and behavior [49,70,74,75].
The more people feel connected to nature, the more they become aware of the consequences of their
own activities for the environment [76]. Therefore, strong nature relatedness goes hand in hand with a
greater sense of responsibility toward nature and ecologically more sustainable behavior [73,77]. Nature
relatedness is crucial for reaching the SDGs, because it involves our fundamental relationship with the
natural world [78].

With reference to the present study and based on the literature, it is assumed that nature relatedness
leads to more positive attitudes toward sustainable nutrition, and thus increases the intention of
student biology teachers to eat sustainably.

Hypothesis 4 (H4). Nature relatedness is a positive predictor of the TPB variables (attitudes toward sustainable
nutrition, subjective norm, perceived behavioral control, intention to eat sustainably).

2.2.2. Environmental Concern

Environmental concern is defined as individual awareness or insight that the state of the
environment is threatened by human behavior, such as pollution and the excessive use of resources [79].
Thus, it aims at the perception and personal evaluation of environmental problems, and how they can
be solved or addressed [80–82].

As part of their value basis of environmental concern theory, Stern and Dietz [83] showed
that environmental concern can be based on a person’s egoistic, social-altruistic, and biospheric
value orientations. Following from this, Schultz [69] demonstrated a three-dimensional structure of
the construct:

(1) Egoistic concern describes that persons attribute a higher meaning to themselves rather than to
other people and living things. Their interest in environmental problems and their consequences
is based on the concern for their own well-being. People who are egoistically concerned will
consider the costs and benefits of eating sustainably for them personally (e.g., for their own
health). When the perceived benefits for oneself are higher than the perceived costs, people will
intend to eat sustainably, and vice versa [56,64].

(2) By contrast, altruistic concern is characterized by concern for other people who may be affected
by environmental changes. People who are altruistically concerned will base their decision to eat
sustainably (or not) on the perceived costs and benefits for all people [64].

(3) Biospheric concern includes care for the biosphere and all living beings existing in it [69,83].
People with high biospheric concerns will base their decision to act pro-environmentally on the
perceived costs and benefits for the ecosystem and biosphere [56].

In our study, we will assess all three dimensions of environmental concern to better understand
whether and how each type of concern affects attitudes toward sustainable nutrition, subjective norm,
perceived behavioral control, and the intention to eat sustainably (Figure 1). Based on the results
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of previous studies, we assume that altruistic and biospheric concerns are positive predictors, and
egoistic concern is a negative predictor of attitudes toward sustainable nutrition and the intention to
eat sustainably.

Hypothesis 5 (H5). Altruistic and biospheric concern are positive predictors and egoistic concern is a negative
predictor of the TPB variables (attitudes toward sustainable nutrition, subjective norm, perceived behavioral
control, intention to eat sustainably).

3. Materials and Methods

3.1. Research Design

For the present study, we conducted a cross-sectional study with a paper-pencil questionnaire
distributed at four universities in north-west Germany in 2018 (Bielefeld [n = 28], Münster [n = 81],
Osnabrück [n = 125], Hannover [n = 36]). The initial sample consisted of 281 student biology teachers.
Prior to the analyses, we excluded 11 questionnaires that had not been fully answered by the respondents
(not more than 50% of items answered). Therefore, the final sample consisted of 270 student biology
teachers (69% female, 64% BA students). In total, we asked six universities to participate in the study.
Two universities did not answer or were conducting their own questionnaire studies at the time, and
therefore did not have the capacity for external studies. All respondents were enrolled in teacher
programs to become biology teachers. More than 90% of the students were studying to be biology
teachers in secondary school (general school, secondary school, high school, comprehensive school),
and 10% of the participants were studying to be teachers in vocational school. As we did not intend
to examine differences specific to either subjects or school type, we have summarized the sample as
“student biology teachers”.

The participants were aged 18–33 years (Mage = 22.9; SD = 2.8). We ensured the anonymity
of all participants. In addition, the participants could cancel the survey or skip single questions at
any time. The average duration for questionnaire completion was between 15 and 30 min. At the
universities of Osnabrück and Münster, the third author conducted all questionnaire surveys. All other
questionnaires, together with a standardized information sheet on how the survey was to be conducted,
were sent to the respective persons in charge of the universities’ institutes of biology education.

3.2. Measuring Instruments

The original items in the questionnaire were formulated in German. The corresponding items
were translated into English for the purpose of this publication. At least three items were used for
each construct (Table 1). The original scales were translated into German using a double-translation
approach, by back-translating them from German to English and checking for coherence. In general,
the survey was part of a larger research project, and therefore covered more scales than presented
here. Table 1 shows the descriptive statistics (mean, SD, Cronbach’s alpha). All items and the results
of the confirmatory factor analyses (CFA) are shown in Supplementary Material S1. The original
questionnaire with all items can be obtained on request from the first author.

3.2.1. TPB Variables

The items of the TPB constructs were adapted and operationalized according to the
recommendations by Graf [57] for the context of sustainable nutrition. Most of these TPB constructs
had been tested in a prior German version of the questionnaire [41]. Only the scale used for measuring
attitudes toward sustainable nutrition has been modified, and has not been tested in the present form.

Intention to eat sustainably was measured using a scale based on the seven principles of sustainable
nutrition according to von Koerber [7]. We used a 5-point Likert scale (1 = strongly disagree, 5 = strongly
agree) from a previous study, and modified it based on the previous results [41]. In total, the scale
consists of seven items (e.g., “Next month, I intend to buy preferably vegetable foods”). After CFA, the item
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“Next month, I intend to buy only as much food as I really need” was eliminated due to factor loading of
<0.40 [84]. The item “Next month, I intend to buy preferably minimally processed food” was also eliminated
due to low factor loading. Nevertheless, the factor loading was slightly above 0.40 (0.419). Based on the
results of the previous study, the elimination of this item was suggested [41]. Therefore, we excluded
it, based on the theoretical justification from the previous study. This led to a higher Cronbach’s alpha
value. Cronbach’s alpha for the modified scale with five items was α = 0.78, which is close to the
α = 0.79 in the previous study [41].

Attitudes toward sustainable nutrition were measured using a semantic differential on a 7-point
scale with six bipolar adjective pairs (−3 = negative pole, +3 = positive pole, e.g., “To eat sustainably
is very bad—very good for me”), based on Graf [57]. After CFA, the item “eating sustainably is very
stressful—very easy for me” was eliminated, due to a factor loading of <0.40 [84]. Excluding the item
increased the internal consistency from α = 0.81 to α = 0.85.

We used a 7-point Likert scale for measuring subjective norm (1 = very likely; 7 = very unlikely,
e.g., “My family thinks that I should eat sustainably”). After CFA, one of the four items (“My lecturers think
that I should eat sustainably”) was excluded, due to factor loading of <0.40 [84]. Eliminating the item led
to a higher Cronbach’s alpha for the modified subjective norm scale (from α = 0.82 to α = 0.88), which
is consistent with the result of the previous study (α = 0.87 [41]).

We used a 7-point Likert scale for assessing perceived behavioral control (1 = very likely; 7 = very
unlikely; e.g., “For me, achieving a sustainable diet is very difficult—very easy”). The scale consists of
four items. Based on the CFA, the item “The decision to eat sustainably underlies my complete control”
was excluded from further analyses. This item showed low factor loading, but with a value of 0.44,
which was still above 0.40. However, it had also been excluded in the previous study [41]. In addition,
its elimination led to higher internal consistency, with Cronbach’s alpha increasing from α = 0.76 to
α = 0.79, which is nearly consistent with the value (α = 0.78) in Weber and Fiebelkorn [41].

3.2.2. Environmental Psychological Variables

The construct of nature relatedness was assessed using the NR-6 scale [77], a short six-item version
of the nature relatedness scale [70]. The short version is increasingly used in sustainability research [77].
Based on a 5-point Likert scale, respondents rated their relatedness to nature from 1 = strongly disagree,
to 5 = strongly agree (e.g., “I always think about how my actions affect the environment”). CFA showed that
all items loaded on one factor. Therefore, all items were retained for further analyses. The internal
consistency of this scale lay with Cronbach’s alpha of α = 0.83, within the range of 0.83–0.86 for scale
testing [77].

Environmental concern was measured using the three-dimensional scale by Schultz et al. [64]. We
used this 5-point Likert scale (1 = not important, 5 = important) to measure individual perception of
environmental problems based on egoistic (e.g., “I am concerned about environmental problems because of
the consequences for me”), altruistic (e.g., “[ . . . ] for all people”), and biospheric (e.g., “[ . . . ] for plants”)
motives. In total, the scale consists of 12 items—four items per subdimension. Based on the CFA, all
items were retained for further statistical analysis. The internal consistency of this scale was α = 0.87
for all 12 items, α = 0.77 for the egoistic dimension, α = 0.79 for the altruistic dimension, and α = 0.96
for the biospheric dimension.

3.3. Data Analysis

All calculations were performed using SPSS (IBM, Version 26) or RStudio version 1.1.463 with the
lavaan package [85]. In the first step of the statistical analyses of our data, we performed CFA using
RStudio. We used CFA to generally test whether there was sufficient agreement (model fit) between
our empirical data and the a priori conceptualized, theoretical model (Figure 1).

The first unmodified estimation of the data led to an unacceptable fit of the CFA model, with
the comparative fit index (CFI) not meeting the selected criteria (robust root mean square error
of approximation (RMSEA) = 0.054, robust CFI = 0.896, standardized root mean square residual
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(SRMR) = 0.069). Further inspection indicated factor loadings of <0.40 for some items (Supplementary
Material S1). In the second step, we decided to modify the measurement model based on theoretical
and empirical justifications [86]. The items INT5 and PBC4 showed low factor loadings, but were still
>0.40. Previous results [41] suggested excluding these two items. Therefore, we decided to eliminate
them based on theoretical justification to obtain a better fit of the measurement model.

These modifications led to a satisfactory model fit, with RMSEA = 0.050, CFI = 0.928, and
SRMR = 0.066, which indicated sufficient discriminant validity of the scales. An acceptable model fit is
indicated by RMSEA ≤ 0.06, CFI between 0.90 and 0.95, and SRMR ≤ 0.08 [86,87].

After conducting the CFA, we calculated Cronbach’s alpha as an additional indicator of the
internal consistency of all scales (Table 1; [84]). All factors showed acceptable internal consistency with
values above 0.70 [84]. After examining their reliability, we constructed the scales based on the mean
of the described items using aggregated means. We calculated the descriptive statistics (e.g., mean and
SD) and bivariate correlations of all variables (Table 1). We then calculated a path model to answer the
subsequent research questions and hypotheses.

4. Results

Concerning the connections between the variables, all of the variables correlated positively with
attitudes toward sustainable nutrition, subjective norm, perceived behavioral control, and the intention
to eat sustainably (Table 1). In general, the strongest relations were found between the environmental
concern dimensions (r = 0.34–0.54, p < 0.001) and between the TPB variables, which all showed
positive correlations with medium to large effect sizes (r = 0.32–0.55, p < 0.001). In particular, attitudes
correlated positively to the intention to eat sustainably with a large effect size (r = 0.55, p < 0.001).

Table 1. Intercorrelations and descriptive statistics of all variables.

Variable 1 2 3 4 5 6 7 8

1. Intention 1 0.55 *** 0.48 *** 0.40 *** 0.36 *** 0.35 *** 0.29 *** 0.25 ***
2. Attitudes 1 0.42 *** 0.43 *** 0.32 *** 0.30 *** 0.28 *** 0.23 ***

3. Subjective norm 1 0.32 *** 0.22 *** 0.26 *** 0.19 ** 0.16 **
4. PBC 1 0.27 *** 0.14 * 0.18 ** 0.13 *

5. Nature relatedness 1 0.22 *** 0.42 *** 0.25 ***
6. Altruistic concern 1 0.54 *** 0.44 ***

7. Biospheric concern 1 0.34 ***
8. Egoistic concern 1

Number of items 5 (7) 5 (6) 3 (4) 3 (4) 6 (6) 4 (4) 4 (4) 4 (4)
Mean 3.48 5.68 3.78 4.70 3.11 4.41 4.45 4.10

SD 0.76 1.08 1.55 1.18 0.75 0.56 0.69 0.64
Cronbach’s α 0.78 0.85 0.88 0.79 0.83 0.79 0.96 0.77

Note: *** p < 0.001; ** p < 0.01; * p < 0.05; PBC = perceived behavioral control. Brackets show the number of the
original scales’ items before elimination due to the confirmatory factor analysis.

Concerning the added environmental psychological variables, nature relatedness and altruistic
concern showed positive correlations with a medium effect size with attitudes (nature relatedness:
r = 0.32, p < 0.001; altruistic concern: r = 0.30, p < 0.001) and intention to eat sustainably (nature
relatedness: r = 0.36, p < 0.001; altruistic concern: r = 0.35, p < 0.001). Egoistic and biospheric concerns
showed correlations with only a small effect size with the TPB variables (r = 0.13–0.29, p < 0.05
to < 0.001).

After the descriptive analyses, we constructed a path model based on the theory of cognitive
hierarchy and the theoretical background (Figure 1). Figure 2 shows the standardized path coefficients
of the final model.
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Figure 2. Results of the path analysis based on Figure 1 for predicting the intention to eat sustainably.
Model fit indices: robust root mean square error of approximation (RMSEA) = 0.027; standardized root
mean square residual (SRMR) = 0.041; robust comparative fit index (CFI) = 0.997. The directional arrows
show the predictive power. The double arrows show correlations between the variables. R2 = Explained
variance. ** p < 0.01, *** p < 0.001. Biospheric and egoistic concern showed no predictive power for any
of the other variables. For reasons of clarity, they are not presented in this figure.

The fit indices indicated a good model fit (robust RMSEA = 0.027, SRMR = 0.041, robust
CFI = 0.997) [88]. The overall model explained about 47% of the variance of the intention to eat
sustainably (R2 = 0.47), 15% of the variance of attitudes toward sustainable nutrition (R2 = 0.15), 11%
of the variance of subjective norm (R2 = 0.11), and 9% of the variance of perceived behavioral control
(R2 = 0.09). Attitudes toward sustainable nutrition (β = 0.27, p < 0.001), subjective norm (β = 0.20,
p < 0.001), and perceived behavioral control (β = 0.21, p < 0.001) were positive predictors of the
intention to eat sustainably. Attitudes had the strongest effect on the intention to eat sustainably.

Nature relatedness significantly predicted attitudes toward sustainable nutrition (β = 0.29,
p < 0.001), subjective norm (β = 0.21, p < 0.01), and perceived behavioral control (β = 0.30, p < 0.001),
and to an even smaller degree, the intention to eat sustainably (β = 0.15, p < 0.01). In the path model,
three dimensions of environmental concern were tested. The path analysis identified only altruistic
concern as a predictor. The path model showed that—in comparison to nature relatedness—altruistic
concern was another, but weaker, direct predictor of attitudes toward sustainable nutrition (β = 0.21,
p < 0.001), subjective norm (β = 0.22, p < 0.001) and the intention to eat sustainably (β = 0.18, p < 0.001).
It showed no significant predictive power for perceived behavioral control (p > 0.05).

5. Discussion

5.1. The Original TPB-variables as Predictors of the Intention to Eat Sustainably

Attitudes toward sustainable nutrition, subjective norm, and perceived behavioral control showed
significant positive predictive power for the intention of student biology teachers to eat sustainably.

Consistent with our first hypothesis (H1), of the three determinants of the original TPB model,
attitudes were the strongest predictor of the intention of student biology teachers to eat sustainably.
This is in line with previous studies that highlight attitudes as being the most important predictor in
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the field of nutrition (intention to eat healthy products [45], intention to consume sustainable dairy
products [46], intention to eat insect-based products [47]).

Subject-specific attitudes are considered an integral part of the teacher identity [26,89]. If student
teachers have positive attitudes toward a particular teaching context, they find it easier to acquire new
knowledge on the subject [90]. In addition, positive attitudes may promote or prevent (student) biology
teacher integration of special ESD contexts—and in the case of the present study, in particular, the issue
of sustainable nutrition—into biology classrooms. In the official school curricula for biology, teachers
in Germany are not prescribed which examples they should use to teach ESD relevant topics [91],
e.g., they can teach ESD by using the examples of mobility, environmental protection, or nutrition.
Consequently, teachers could or should choose a suitable topic for assessing ESD in biology lessons,
and therefore contribute to their students’ development of sustainability competencies, and particularly,
to decision-making competence. If (student) biology teachers have positive attitudes toward sustainable
nutrition, they may be more likely to teach this topic in schools. In future studies, it would be useful
to compare attitudes toward different ESD contexts, such as biodiversity conservation, mobility, and
sustainable nutrition.

To foster attitudes toward sustainable nutrition in teacher education, it is important to increase
student teacher awareness regarding, for example, the food production process or the conditions of
mistreatment or injustice against employees and animals [92]. Only if learners are aware of the value
chains of food products, they can use the dimensions according to von Koerber [7] to understand the
complexity of each process of the food value chain.

Learners should also be aware of sustainable nutrition being relevant and helpful for the
environment, their own health, society, and the economy [93]. It may be promising to first tie
up with existing courses in human biology, ecology, and bioethics, and to produce references to
sustainable nutrition. The dimensions of sustainable nutrition, according to von Koerber [7], could be
covered in these courses. The health dimension and environmental dimension could be addressed in
human biology lectures and in ecology courses, respectively. In bioethics courses, student teachers’
decision-making could be fostered by addressing topics on sustainable nutrition, such as eating insects,
in vitro meat, or animal welfare [18,94].

Perceived behavioral control is another important predictor of the intention to eat sustainably
(H2). The extent to which student biology teachers believe that they have control over how to eat
sustainably, as well as perceived opportunities for action, spurs them to integrate sustainable eating
habits into their everyday lives. This suggests that educational implications in teacher education
should also strengthen perceived behavior control. Courses should address issues to support and
facilitate sustainable eating habits as well as perceptions about, for example, the lack of necessary
resources and possibilities for action in the students’ everyday lives.

Educational implications for teacher training should foster the beliefs that people have the
necessary resources and possibilities to eat sustainably. First, the positive aspects, e.g., the large
number of sustainable products in supermarkets, high availability, and many possibilities for eating
out sustainably, should be addressed. Only when people perceive possibilities for eating sustainably,
the higher perceived control can lead to a higher intention to eat sustainably [95].

Subjective norm was a significant positive predictor of the intention to eat sustainably (H3), but
to a smaller extent in comparison to attitudes and perceived behavioral control overall, which is
consistent with previous studies in the field of nutrition (intention to eat sustainably [41], intention
to eat sustainable dairy products [44], intention to eat insect-based products [61]). Based on the CFA
results, the item concerning lecturers was eliminated. This shows that only the opinion and expectations
of more closely related people are relevant to the respondent’s decision to eat sustainably or not.
Here, that student biology teachers are more self-determined than younger learners in schools should
be taken into account. As the subjective norm still has an effect on the intention to eat sustainably,
educational implications should also take its relevance into account.
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The path model showed that attitudes, subjective norm, and perceived behavioral control explained
41.7% of the variance of the intention to eat sustainably. Previously, we showed an explained variance
of 34% [41]. However, it must be noted that in the previous study, we used partly different scales
and did not measure environmental concern with the three-dimensional scale. A meta-analysis of
studies on healthy eating behavior using similar variables showed an average of explained variance of
21% [60]. In comparison, we estimated that the proportion of explained variance of the TPB variables
for the intention to eat sustainably was high in the present study.

5.2. Nature Relatedness and Environmental Concern: Explaining the Intention and/or TPB Predictors?

Nature relatedness was a significant positive predictor of attitudes toward sustainable nutrition,
subjective norm, perceived behavioral control, and the intention to eat sustainably. Thus, H4 is fully
supported. We assume that student biology teachers, who feel more related to nature, may be more
willing to eat sustainably, as they might perceive sustainable nutrition as a means of protecting the
environment. Those who view nature as a part of themselves are less likely to harm it [96]. Therefore,
they may be more aware of the positive effects of sustainable nutrition on the environment, and
thus have more positive attitudes toward it, and a higher intention to eat sustainably to protect the
environment. This should be investigated in further studies. According to the explanatory power of
nature relatedness for attitudes and the intention to eat sustainably, promoting nature relatedness
could result in positive attitudes toward sustainable nutrition and a higher intention to eat sustainably.
Stronger nature relatedness could in turn be accompanied by an assumption of responsibility for the
environment, more ecologically sustainable behavior, and awareness of the consequences of one’s
activities on the environment [97]. Consequently, nature relatedness is an important antecedent to
understanding sustainable nutrition behavior [98,99]. In the present study, we examined student
biology teachers. In comparison to students from other disciplines (e.g., law or engineering), it is likely
that student biology teachers have the highest nature relatedness. Therefore, it would be worthwhile
to identify whether nature relatedness depends on the subject of study.

In the present study, of the three dimensions of environmental concern, only altruistic concern
was identified as a positive predictor of attitudes, subjective norm, and the intention to eat sustainably,
but not perceived behavioral control. Thus, we conclude that attitudes and subjective norm have a
mediating role (Figure 2) between altruistic concern and the intention to eat sustainably.

The relationship between altruistic concern and subjective norm can be explained by the definition
of altruistic concern, i.e., being concerned about the welfare of other people [69]. Thus, altruistically
concerned people may attach more value to the opinions and expectations of other related people
(subjective norm).

Contrary to H5, biospheric concern was not a positive predictor, nor was egoistic concern a
negative predictor for the TPB variables. Even in the correlation analysis, both concerns showed
only small effect sizes on the TPB variables. Biospheric-concerned people focus on the welfare of the
biosphere and all living things, and egoistic-concerned people focus on their own welfare. In contrast,
altruistic-concerned people focus on the welfare of other people who may be affected and disadvantaged
through e.g., unsustainable (eating) behavior. Our results show that the respondents are only concerned
about other people (altruistic concern) when intending (or not) to eat sustainably. Theoretically, all three
dimensions of environmental concern provide a basis for sustainable (nutrition) behavior. However,
the only impact of altruistic concern on attitudes, subjective norm, and the intention to eat sustainably
may be explained by the respondents’ potential concern for present and future generations as “other
people”, and therefore their intention to eat sustainably for reasons based on the social dimension of
sustainable nutrition [7]. In addition, the respondents may be concerned about the food insecurity of
more than 820 million people around the world [100], which, among other things, the unsustainable
eating habits of many others are responsible for, and therefore intend to eat sustainably themselves.

Teacher education should emphasize in particular their students’ development of nature
relatedness and environmental concern [92,101]. Students’ relationships to nature are important
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for creating a sustainable future [98,99,102,103]. Previous studies show that environmental education
is an effective instrument for fostering attitudes toward environmentally friendly behaviors [104–106].
Fieldwork with direct contact with nature, spending time in nature, and learning experiences in the
natural environment seem to be necessary for stimulating nature relatedness, altruistic concern, and
attitudes and behavior concerning sustainability [67,78,107]. That is, repeated experiences in nature,
especially pleasant ones, may foster nature relatedness and, subsequently, a desire to protect nature
and to behave sustainably [70,74,108].

Outdoor learning, especially field trips to the agricultural sector with focus on students’
decision-making competences, seem to be an appropriate alternative or addition to the traditional
botanical or zoological field trips, where the focus is on systematic species knowledge [109]. It provides
students with the opportunity to observe nature and the environment, and to test the ideas and
concepts they have learned in teacher education, and that could prospectively be used in school [110].

Despite this, environmentally minded teachers might integrate environmental perspectives into
their teaching as complementary curricula [111]. This could be adapted to the context of sustainability
and sustainable nutrition—environmentally and/or sustainably minded teachers might integrate
sustainable perspectives into their teaching in school.

However, we have to consider the low percentage of explained variance for attitude, subjective
norm, and perceived behavioral control by nature relatedness and altruistic concern, which leads us
to suspect that there are other (latent) variables we did not consider, which are also important in the
explanation of the determinants of the intention to eat sustainably. Qualitative research methods could
provide further insights and understanding of those (latent) variables.

5.3. Limitations of the Study

For interpreting the results, that the intention to eat sustainably is based on a prospective self-report
and that social desirability might have influenced the responding behavior should be taken into account.
Thus, an alignment with social norms and expectations regarding sustainable behaviors could have
generated positive bias [112]. However, the respondents were informed that the participation was
voluntary and anonymous. This is a common action to counteract socially desirable respondent
behavior in questionnaires. Here, the aspect of social desirability could at least be relativized. Another
limitation could be the sample, in view of the relatively high proportion of female students (69%) in
relatively early semesters. This could be relativized by the nationwide distribution of female students
who study to be biology teachers. Female students accounted for about 68% of the student population
in the winter semester of 2018/19 [113]. However, our primary goal was not to investigate the influence
of sex or progress in biology teacher training on the variables. Rather, the study was intended to
provide initial insights into whether student biology teachers’ nature relatedness and environmental
concern are relevant to the intention to eat sustainably (or not).

Therefore, our sample consists of well-educated student biology teachers with a high environmental
concern. Our results are only meaningful for the given context of German student biology teachers,
and are thus limited to this cultural context. Future research should include a more heterogeneous
sample and focus on the student teachers’ second or third subjects studied. There may be differences
between people studying social-sciences, natural sciences, or languages alongside biology.

When interpreting our results, it should be taken into account that the results cannot be generalized
to teachers who are already practicing, as there could be differences in attitudes and beliefs toward
sustainable nutrition between teachers and student teachers.

Whether the intention to eat sustainably results in a sustainable eating behavior cannot be
answered based on the present study. Concerning the intention–behavior gap, intention is less strong
than measuring the real (un-)sustainable eating behavior [114]. However, different studies have shown
that intention often predicts behavior [115]. Thus, studying intention and its underlying determinants
in the context of sustainable nutrition can provide useful insights in research, and for further research
on sustainable nutrition.
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6. Conclusions

We examined the relationships between attitudes toward sustainable nutrition, subjective norm,
perceived behavioral control, nature relatedness, environmental concern, and the intention to eat
sustainably. The study reveals that positive attitudes, high subjective norm, and high perceived
behavioral control are explanatory factors for the intention to eat sustainably.

Furthermore, we identified nature relatedness and altruistic concern as direct significant predictors
of attitudes toward sustainable nutrition, subjective norm, and the intention to eat sustainably.
Nevertheless, it is difficult to draw general conclusions about the relative contribution of these
predictors in explaining the sustainable nutrition behavior of student biology teachers, as studies on
this topic have often used different target behaviors and target groups.

However, our results demonstrate the suitability of the extended TPB model for explaining the
intention to eat sustainably. Educational interventions to foster sustainable nutritional behavior in students
should therefore focus on a holistic approach and consider more than the traditional TPB variables.

Based on our results, future research should focus on the following question: does the intention
of (student) teachers to eat sustainably lead to a higher intention to teach this topic? Recent research
has already examined the effect of one’s own nutrition behavior—as a possible part of sustainability
competence—on self-efficacy and the intention to teach the topic of sustainable nutrition in school.
In addition to the variables examined, the model of professional competence [23] suggests that many
other factors, such as intrinsic motivation to teach the subject [26], expertise [31], or subject-specific
enthusiasm [36,116], may affect the teaching intention of the topic of sustainable nutrition. They should
also be taken into account in future research. A connection of such topic-specific variables with teaching
motivation has been shown for other domains, such as teaching about returning wolves as a sustainability
issue [26] or teaching in inclusive education [27].

Even if this topic is complex, young people in schools and universities should be empowered
to understand the key concepts of sustainable nutrition, to broaden their view for recognizing that
sustainable nutrition is a multi-dimensional concept, and to evaluate possibilities for action [43]. Teaching
and practicing sustainability competencies should be established as an integral part of teacher education
curricula, as it would provide student teachers with the necessary knowledge, attitudes, values, and
behavior they could, in turn, incorporate into their own teaching [22,28]. Thus, the topic of sustainable
nutrition should (increasingly) be made more visible and present in teacher education in university
and in school by including it in university programs, as it can serve as a suitable context for promoting
sustainability competencies (knowledge, attitudes, values and behaviors) in the context of ESD [8].

Supplementary Materials: The following are available online at http://www.mdpi.com/2071-1050/12/12/4909/s1,
Table S1: CFA results based on the initial and modified calculations.

Author Contributions: Conceptualization, A.W.; formal analysis, A.W.; investigation, R.J.; writing—original draft
preparation, A.W.; writing—review and editing, A.W., A.G.B. and F.F.; supervision, F.F. All authors have read and
agreed to the published version of the manuscript.

Funding: This research received no external funding.

Acknowledgments: We thank all participating student teachers and lecturers who enabled the conducting of
our study. Parts of this article (in a manuscript version) are part of the publication-based dissertation of the
corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Godfray, H.C.J.; Beddington, J.R.; Crute, I.R.; Haddad, L.; Lawrence, D.; Muir, J.F.; Pretty, J.; Robinson, S.;
Thomas, S.M.; Toulmin, C. Food security: The challenge of feeding 9 billion people. Science 2010, 327, 812–818.
[CrossRef] [PubMed]

http://www.mdpi.com/2071-1050/12/12/4909/s1
http://dx.doi.org/10.1126/science.1185383
http://www.ncbi.nlm.nih.gov/pubmed/20110467


Sustainability 2020, 12, 4909 15 of 19

2. Stoll-Kleemann, S.; Schmidt, U.J. Reducing meat consumption in developed and transition countries to counter
climate change and biodiversity loss: A review of influence factors. Reg. Environ. Chang. 2017, 17, 1261–1277.
[CrossRef]

3. United Nations Department of Economic and Social Affairs Population Division. World Population Prospects
2019: Highlights; United Nations: New York, NY, USA, 2019; pp. 49–78.

4. Alexandratos, N.; Bruinsma, J. World Agriculture towards 2030/2050: The 2012 Revision; FAO: Rome, Italy, 2012;
pp. 1–147.

5. Eberle, U.; Fritsche, U.R.; Hayn, D.; Rehaag, R.; Simshäuser, U.; Stieß, I.; Waskow, F. Nachhaltige Ernährung.
Ziele, Problemlagen und Handlungsbedarf im Gesellschaftlichen Handlungsfeld Umwelt-Ernährung-Gesundheit;
Öko-Institut: Freiburg, Germany, 2005; pp. 1–45.

6. Rieckmann, M.; Fischer, D.; Richter, S. Nachhaltige Ernährung im Wertediskurs—Beiträge einer
Hochschulbildung für nachhaltige Entwicklung. In Perspektive Nahrungsmittelethik; Schank, C., Vorbohle, K.,
Quandt, J.H., Eds.; Rainer Hampp Verlag: München, Germany, 2014; pp. 29–58. ISBN 0261444808.

7. von Koerber, K. Fünf Dimensionen der Nachhaltigen Ernährung und weiterentwickelte Grundsätze – Ein
Update. Ernährung im Fokus 2014, 14, 260–268.

8. Rieckmann, M. Key themes in education for sustainable development. In Issues and Trends in Education for
Sustainable Development; Leicht, A., Heiss, J., Byun, J., Eds.; UNESCO: Paris, France, 2018; pp. 61–84.

9. Abson, D.J.; Fischer, J.; Leventon, J.; Newig, J.; Schomerus, T.; Vilsmaier, U.; von Wehrden, H.; Abernethy, P.;
Ives, C.D.; Jager, N.W.; et al. Leverage points for sustainability transformation. Ambio 2017, 46, 30–39.
[CrossRef]

10. Gifford, R.; Nilsson, A. Personal and social factors that influence pro-environmental concern and behaviour:
A review. Int. J. Psychol. 2014, 49, 141–157. [CrossRef]

11. Rieckmann, M.; Mindt, L.; Gardiner, S. Education for Sustainable Development Goals. Learning Objectives;
UNESCO: Paris, France, 2017; pp. 1–63.

12. UNESCO. UNESCO Roadmap for Implementing the Global Action Programme on Education for Sustainable
Development; UNESCO: Paris, France, 2014; pp. 1–38.

13. Walshe, N. Understanding students’ conceptions of sustainability. Environ. Educ. Res. 2008, 14, 537–558.
[CrossRef]

14. Fiebelkorn, F.; Menzel, S. Student teachers’ understanding of the terminology, distribution and loss of
biodiversity: Perspectives from a biodiversity hotspot and an industrialized country. Res. Sci. Educ. 2013, 43,
1593–1615. [CrossRef]

15. Anastacio, M.R. Proposals for Teacher Training in the Face of the Challenge of Educating for Sustainable
Development: Beyond Epistemologies and Methodology. In Universities and Sustainable Communities: Meeting
the Goals of the Agenda 2030; Leal Filho, W., Tortato, U., Frankenberger, F., Eds.; Springer: Cham, Switzerland,
2020; pp. 549–562.

16. Deutsche UNESCO-Kommission [DUK]. Lehr- und Lernmaterialien zum Jahresthema Ernährung. UN-Dekade
“Bildung für nachhaltige Entwicklung”; DUK: Bonn, Germany, 2012.

17. Ull, M.A.; Martínez-Agut, M.P.; Piñero, A.; Aznar-Minguet, P. Perceptions and attitudes of students of
teacher-training towards environment and sustainability. Procedia Soc. Behav. Sci. 2014, 131, 453–457.
[CrossRef]

18. Fiebelkorn, F.; Kuckuck, M. Insekten oder In-vitro-Fleisch—Was ist nachhaltiger? Eine Beurteilung mithilfe
der Methode des “Expliziten Bewertens”. Praxis Geogr. 2019, 6, 14–21.

19. Barth, M.; Godemann, J.; Rieckmann, M.; Stoltenberg, U. Developing key competencies for sustainable
development in higher education. Int. J. Sustain. High. Educ. 2007, 8, 416–430. [CrossRef]

20. de Leeuw, A.; Valois, P.; Ajzen, I.; Schmidt, P. Using the theory of planned behavior to identify key beliefs
underlying pro-environmental behavior in high-school students: Implications for educational interventions.
J. Environ. Psychol. 2015, 42, 128–138. [CrossRef]

21. Gifford, R.; Steg, L.; Reser, J.P. Environmental psychology. In IAAP Handbook of Applied Psychology; Martin, P.R.,
Cheung, F.M., Knowles, M.C., Kyrios, M., Littlefield, L., Overmier, J.B., Prieto, J.M., Eds.; Blackwell Publishing:
Hoboken, NJ, USA, 2011; pp. 440–470.

22. Panatsa, V.M.; Malandrakis, G. Student teachers’ perceptions about the social pillar of urban sustainability:
Attached importance and believed effectiveness of education. Int. J. Sustain. High. Educ. 2018, 19, 998–1018.
[CrossRef]

http://dx.doi.org/10.1007/s10113-016-1057-5
http://dx.doi.org/10.1007/s13280-016-0800-y
http://dx.doi.org/10.1002/ijop.12034
http://dx.doi.org/10.1080/13504620802345958
http://dx.doi.org/10.1007/s11165-012-9323-0
http://dx.doi.org/10.1016/j.sbspro.2014.04.147
http://dx.doi.org/10.1108/14676370710823582
http://dx.doi.org/10.1016/j.jenvp.2015.03.005
http://dx.doi.org/10.1108/IJSHE-09-2017-0162


Sustainability 2020, 12, 4909 16 of 19

23. Baumert, J.; Kunter, M. The COACTIV Model of Teachers’ Professional Competence. In Cognitive Activation in
the Mathematics Classroom and Professional Competence of Teachers: Results from the COACTIV Project; Kunter, M.,
Baumert, J., Blum, W., Klusmann, U., Krauss, S., Neubrand, M., Eds.; Springer: Boston, MA, USA, 2013;
pp. 25–48. ISBN 9781461451495.

24. Großschedl, J.; Harms, U.; Kleickmann, T.; Glowinski, I. Preservice biology teachers’ professional knowledge:
Structure and learning opportunities. J. Sci. Teach. Educ. 2015, 26, 291–318. [CrossRef]

25. Bertschy, F.; Künzli, C.; Lehmann, M. Teachers’ competencies for the implementation of educational offers in
the field of education for sustainable development. Sustainability 2013, 5, 5067–5080. [CrossRef]

26. Büssing, A.G.; Schleper, M.; Menzel, S. Do pre-service teachers dance with wolves? Subject-specific teacher
professional development in a recent biodiversity conservation issue. Sustainability 2019, 11, 47. [CrossRef]

27. Büssing, A.G.; Menzel, S.; Schnieders, M.; Beckmann, V.; Basten, M. Values and beliefs as predictors of
pre-service teachers’ enjoyment of teaching in inclusive settings. J. Res. Spec. Educ. Needs 2019, 19, 8–23.
[CrossRef]

28. Rieckmann, M. Learning to transform the world: Key competencies in education for sustainable development.
In Issues and Trends in Education for Sustainable Development; Leicht, A., Heiss, J., Byun, W.J., Eds.; UNESCO:
Paris, France, 2018; pp. 39–59. ISBN 978-92-3-100244-1.

29. Tomas, L.; Girgenti, S.; Jackson, C. Pre-service teachers’ attitudes toward education for sustainability and its
relevance to their learning: Implications for pedagogical practice. Environ. Educ. Res. 2017, 23, 324–347.
[CrossRef]

30. Blazar, D.; Kraft, M.A. Teacher and teaching effects on students’ attitudes and behaviors. Educ. Eval. Policy
Anal. 2017, 39, 146–170. [CrossRef]

31. Hattie, J.A.C. Bringing it all together. In Visible Learning. A Synthesis of over 800 Meta-Analyses Relating to
Achievement; Routledge: New York, NY, USA, 2009; pp. 237–262.

32. Hill, H.C.; Rowan, B.; Ball, D.L. Effects of teachers’ mathematical knowledge for teaching on student
achievement. Am. Educ. Res. J. 2005, 42, 371–406. [CrossRef]

33. Jüttner, M.; Boone, W.; Park, S.; Neuhaus, B.J. Development and use of a test instrument to measure biology
teachers’ content knowledge (CK) and pedagogical content knowledge (PCK). Educ. Assess. Eval. Account.
2013, 25, 45–67. [CrossRef]

34. Kleickmann, T.; Richter, D.; Kunter, M.; Elsner, J.; Besser, M.; Krauss, S.; Baumert, J. Teachers’ content
knowledge and pedagogical content knowledge: The role of structural differences in teacher education.
J. Teach. Educ. 2013, 64, 90–106. [CrossRef]

35. Ruzek, E.A.; Domina, T.; Conley, A.M.M.; Duncan, G.J.; Karabenick, S.A. Using value-added models to
measure teacher effects on students’ motivation and achievement. J. Early Adolesc. 2015, 35, 852–882.
[CrossRef]

36. Bourn, D.; Hunt, F.; Bamber, P. Accountability in Education: Meeting Our Commitments. A Review of Education
for Sustainable Development and Global Citizenship Education in Teacher Education; UNESCO: Paris, France, 2017;
pp. 1–66.

37. Korthagen, F. Inconvenient truths about teacher learning: Towards professional development 3.0. Teach.
Teach. Theor. Pract. 2017, 23, 387–405. [CrossRef]

38. Kennedy, M.M. How does professional development improve teaching? Rev. Educ. Res. 2016, 86, 945–980.
[CrossRef]

39. Rieckmann, M.; Holz, V. Verankerung von Bildung für nachhaltige Entwicklung in der Lehrerbildung.
Zeitschrift für Internationale Bildungsforschung und Entwicklungspädagogik 2017, 3, 4–10.

40. Singer-Brodowski, M.; Brock, A.; Etzkorn, N.; Otte, I. Monitoring of education for sustainable development
in Germany—Insights from early childhood education, school and higher education. Environ. Educ. Res.
2018, 4622, 1–16. [CrossRef]

41. Weber, A.; Fiebelkorn, F. Nachhaltige Ernährung, Naturverbundenheit und Umweltbetroffenheit von
angehenden Biologielehrkräften—Eine Anwendung der Theorie des geplanten Verhaltens. Zeitschrift für
Didaktik der Naturwissenschaften 2019, 25, 181–195. [CrossRef]

42. Ajzen, I. The theory of planned behavior. Organ. Behav. Hum. Decis. Process. 1991, 50, 179–211. [CrossRef]
43. Bauer, D.; Arnold, J.; Kremer, K. Consumption-intention formation in education for sustainable development:

An adapted model based on the theory of planned behavior. Sustainability 2018, 10, 3455. [CrossRef]

http://dx.doi.org/10.1007/s10972-015-9423-6
http://dx.doi.org/10.3390/su5125067
http://dx.doi.org/10.3390/su11010047
http://dx.doi.org/10.1111/1471-3802.12474
http://dx.doi.org/10.1080/13504622.2015.1109065
http://dx.doi.org/10.3102/0162373716670260
http://dx.doi.org/10.3102/00028312042002371
http://dx.doi.org/10.1007/s11092-013-9157-y
http://dx.doi.org/10.1177/0022487112460398
http://dx.doi.org/10.1177/0272431614525260
http://dx.doi.org/10.1080/13540602.2016.1211523
http://dx.doi.org/10.3102/0034654315626800
http://dx.doi.org/10.1080/13504622.2018.1440380
http://dx.doi.org/10.1007/s40573-019-00098-3
http://dx.doi.org/10.1016/0749-5978(91)90020-T
http://dx.doi.org/10.3390/su10103455


Sustainability 2020, 12, 4909 17 of 19

44. Vermeir, I.; Verbeke, W. Sustainable food consumption among young adults in Belgium: Theory of planned
behaviour and the role of confidence and values. Ecol. Econ. 2008, 64, 542–553. [CrossRef]

45. Heuckmann, B.; Hammann, M.; Asshoff, R. Using the theory of planned behaviour to develop a questionnaire
on teachers’ beliefs about teaching cancer education. Teach. Teach. Educ. 2018, 75, 128–140. [CrossRef]

46. Zint, M. Comparing three attitude-behavior theories for predicting science teachers’ intentions. J. Res. Sci.
Teach. 2002, 39, 819–844. [CrossRef]

47. Fishbein, M.; Ajzen, I. Theory-based behavior change interventions: Comments on Hobbis and Sutton.
J. Health Psychol. 2005, 10, 27–31. [CrossRef] [PubMed]

48. Çabuk, S.; Tanrikulu, C.; Gelibolu, L. Understanding organic food consumption: Attitude as a mediator. Int.
J. Consum. Stud. 2014, 38, 337–345. [CrossRef]

49. Capaldi, C.A.; Dopko, R.L.; Zelenski, J.M. The relationship between nature connectedness and happiness: A
meta-analysis. Front. Psychol. 2014, 5, 1–15. [CrossRef] [PubMed]

50. Honkanen, P.; Verplanken, B.; Ottar Olsen, S. Ethical values and motives driving organic food choice.
J. Consum. Behav. 2006, 5, 420–430. [CrossRef]

51. Staats, H. Understanding pro-environmental attitudes and behavior. An analysis and review of research
based on the theory of planned behavior. In Psychological Theories for Environmental Issues; Bonnes, M., Lee, T.,
Bonaiuto, M., Eds.; Ashgate: Aldershot, UK, 2003; pp. 171–201.

52. Stern, P.C. New environmental theories: Toward a coherent theory of environmentally significant behavior.
J. Soc. Issues 2000, 56, 407–424. [CrossRef]

53. Ajzen, I. Consumer attitudes and behavior: The theory of planned behavior applied to food consumption
decisions. Rivivista di Econ. Agrar. 2015, 2, 121–138.

54. Paul, J.; Modi, A.; Patel, J. Predicting green product consumption using theory of planned behavior and
reasoned action. J. Retail. Consum. Serv. 2016, 29, 123–134. [CrossRef]

55. Sparks, P.; Hinds, J.; Curnock, S.; Pavey, L. Connectedness and its consequences: A study of relationships
with the natural environment. J. Appl. Soc. Psychol. 2014, 44, 166–174. [CrossRef]

56. de Groot, J.I.M.; Steg, L. General beliefs and the theory of planned behavior: The role of environmental
concerns in the TPB. J. Appl. Soc. Psychol. 2007, 37, 1817–1836. [CrossRef]

57. Graf, D. Die Theorie des geplanten Verhaltens. In Theorien in der biologiedidaktischen Forschung: Ein Handbuch
für Lehramtsstudierende und Doktoranden; Krüger, D., Vogt, H., Eds.; Springer: Berlin, Germany, 2007; pp. 33–43.

58. Whittaker, D.; Vaske, J.J.; Manfredo, M.J. Specificity and the cognitive hierarchy: Value orientations and the
acceptability of urban wildlife management actions. Soc. Nat. Resour. 2006, 19, 515–530. [CrossRef]

59. Vaske, J.J.; Donnelly, M.P. A value-attitude-behavior model predicting wildland preservation voting intentions.
Soc. Nat. Resour. 1999, 12, 523–537.

60. McDermott, M.S.; Oliver, M.; Svenson, A.; Simnadis, T.; Beck, E.J.; Coltman, T.; Iverson, D.; Caputi, P.;
Sharma, R. The theory of planned behaviour and discrete food choices: A systematic review and meta-analysis.
Int. J. Behav. Nutr. Phys. Act. 2015, 12, 1–23. [CrossRef] [PubMed]

61. Menozzi, D.; Sogari, G.; Veneziani, M. Eating novel foods: An application of the theory of planned behaviour
to predict the consumption of an insect-based product. Food Qual. Prefer. 2017, 59, 27–34. [CrossRef]

62. Aertsens, J.; Verbeke, W.; Mondelaers, K.; Van Huylenbroeck, G. Personal determinants of organic food
consumption: A review. Br. Food J. 2009, 111, 1140–1167. [CrossRef]

63. Hasbullah, N.; Mahajar, A.J.; Salleh, M.I. Extending the theory of planned behavior: Evidence of the
arguments of its sufficiency. Int. J. Humanit. Soc. Sci. 2014, 4, 101–105.

64. Schultz, P.W.; Gouveia, V.V.; Cameron, L.D.; Tankha, G.; Schmuck, P.; Franěk, M. Values and their relationship
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