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Abstract: One of the main objectives of higher education for sustainable development is to nurture
holistic conceptions of sustainability in students, so that they can use sustainability as an approach to
analyze and solve complex problems in their future professional fields. Existing studies have shown
that students differ substantially in how relevant they consider the concept of sustainable development
to their future careers. Previous studies have identified socio-demographic characteristics, disciplinary
background and past experiences with sustainability education as potential influencing factors. To date,
the relationships between one’s own “understanding” of sustainability (sustainability conception)
and the importance students attach to sustainability has hardly been investigated. This case study
offers a first systematic examination of how the perceived professional relevance of sustainability
is influenced by different individual characteristics and sustainability conceptions. Based on data
from a recent survey of n = 1364 first year undergraduate students from 14 different major subjects,
our findings indicate that in addition to the previously reported individual characteristics like sex
and academic affiliation, sociocultural sustainability conceptions are an important influential factor
for the perceived importance of sustainability for their professional contexts. However, the regression
analysis shows that the model based on predictors found in the literature lacks incremental power.
This paper unveils that further research is needed on the underlying factors that explain the strength
of perceived relevance of sustainability in students and that these influences need to be taken more
into account in curriculum development.

Keywords: higher education for sustainable development; learning outcomes; conceptions;
understanding; perceptions; professional practice

1. Introduction

Universities and other higher education institutions (HEIs) have been shown to play a critical
role in engaging future professionals and decision-makers with sustainability in order to educate
a new generation of change agents for sustainable development (SD) [1]. After early periods of
experimentation, orientation and pilot development, efforts to implement and mainstream sustainability
as a guiding idea for the design of teaching, research, operation and community outreach have
intensified over the period of the UN Decade of Education for Sustainable Development and the
follow-up Global Action Program [2] (p. 51). The growing importance of sustainability in the
private sector [3], the emergence of associations for sustainability professionals [4], and the increased
profile of sustainability on the international political agenda through the Sustainable Development
Goals (SDGs) [5] suggest that the demand for students with sustainability credentials is likely to
increase further.
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Although sustainability is increasingly recognized as an important principle for the design
of higher education, the actual large-scale implementation of Higher Education for Sustainable
Development (HESD) is still largely lacking. Effective mainstreaming is complicated not least by the
fact that there are very different ideas about how HESD could and should be implemented. There are
different proposals, for example, on the questions of the learning outcomes to be aimed for and the
pedagogies and educational philosophies to be used for them [6], the intensity of the integration of
sustainability (from additive “bolt-on” to integrative “built-in” approaches) [7] (p. 58), as well as
the contents and understandings of sustainability itself to be conveyed [8]. Despite the diversity of
approaches it seems valid to say that a shared goal of different HESD approaches is to support students
in developing an understanding of sustainability that they can then use to analyze specific problems
and act on.

However, being able to act as a change agent for sustainability and actually acting like one are
two separate outcomes of HESD. Shephard, Rieckmann and Barth [9] rightfully point out that it is
critical to distinguish between cognitive (e.g., knowledge and its application) and affective learning
outcomes (e.g., motivational factors and values). In this perspective it seems critical to not just
understand how students can be enabled to engage with sustainability challenges (that are often times
not just known problems in narrowly defined fields of action, but comprise a variety of ill-defined
problems in different domains of life), but also explore what makes learners want to use what they
have learned when confronted with such challenges. The explicit focus of sustainability education
programs on acing on and solving problems “along the lines of sustainable development” [10] (p. 22)
suggests that how learners understand sustainability plays a significant role in how they can and
want to respond to domain-specific problems and demands. The extent to which learners regard their
conceptions of sustainability as relevant when confronted with concrete domain-specific problems
and demands, can thus be considered a potentially promising intermediate step from understanding
to using sustainability as a concept that is informing professional action. Surprisingly, however,
the interdependencies between students’ conceptions of sustainability and their perceived relevance of
sustainability for coping with the demands they are facing in their current and future professional
contexts have not yet been systematically investigated.

This paper addresses this research gap. It empirically analyses the relationship between students
sustainability conceptions and their perceived professional relevance (PPR). Following Borg, Gericke,
Hoglund and Bergman [11] (p. 546), we refer to sustainability conceptions as “the degree to which
individuals associate a particular set of ecological, sociocultural, and economic aspects as integral
parts of the concept of sustainable development”. Empirical data was collected as part of the LISHE
(Longitudinal study on the Integration of Sustainability in Higher Education) case study at a midsize
university in Northern Germany. It was obtained from a survey of two cohorts (commencing in the
academic years of 2014 and 2015) of first-year students from 14 major subjects from four professional
fields that was administered before classes began. LISHE pursued three aims: first, to shed light on
how relevant first-year university students consider sustainability to be, both for their current studies
(PPRcurrenT) and, in future, as professionals in their jobs (PPRpyTuRrg); second, to explore which
sustainability conceptions and other characteristics first-year students already bring to campus when
they begin their undergraduate studies; and third, to describe how sustainability conceptions and
other factors interrelate with the current and future relevance that students attribute to sustainability.
Thus, three research questions (RQs) are examined:

7

1. Which relevance do first year students ascribe to sustainability for their current and future
professional career?

2. What is the nature of first year students’ sustainability conceptions?

3. Which roles do these sustainability conceptions play in comparison to socio-demographic and
prior experience-related factors for first year students’ perception of the professional relevance
of sustainability?
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The paper is structured as follows: In the first two sections, we give an overview on research of
our two main constructs PPR of sustainability and sustainability conceptions. In the next sections,
we clarify our methodological approach, present our findings and discuss them in relation to existing
literature. We conclude by providing theoretical as well as practical implications for future work on
approaches to address and further advance students perceived professional relevance of SD and their
relationship towards professional contexts and teaching approaches in HESD.

2. Theoretical Background

2.1. Research on Perceived Professional Relevance (PPR)

The turn towards competence-based learning outcomes in HESD has been noted to emphasize
that teaching and learning programs in higher education should be designed “to equip graduates with
the knowledge, skills and values that enable business, government and society as a whole to progress
towards more sustainable ways of living and working” [12] (p. 285). A prominent line of inquiry in
(H)ESD research focuses on pedagogies that are conducive to these objectives (see e.g., [6]). Several
ESD scholars distinguish between instrumental or transmissive and transformative or transgressive
approaches [13,14]. While the former set of approaches has been described as operating on the
assumption that information, concepts, and ideas need to be transferred to learners (instructive mode),
the latter is more concerned with the process of inquiry and deliberation (constructive mode) [15].
While it has been acknowledged that both approaches are not in fundamental opposition but can
actually complement each other [16]. ESD scholars like Arjen Wals and Bob Jickling [17] have called
for greater emphasis to be placed on the construction of meaning around sustainability in classrooms.
We know from other fields, such as research on constructivist learning theories, that pedagogical
approaches need to account for and adapt to existing experiences and conceptions of learners as
they represent a crucial starting point for any transformative learning [18]. For instance, learners’
formal and informal educational experiences with ESD in school is suggested as the foundation for
later learning at HEIs and to influence the quality of their learning processes [19]. There is evidence
that these existing conceptions can remain unaffected by education and pedagogical approaches
when the design of these learning settings fails to adequately address what students bring to the
classroom [20]. Thus, we argue that the question of what students perceive as useful and important at
the beginning of their academic learning process should be reflected in the design of HESD programs.
To not consider students” views on the usefulness and relevance of sustainability bears the risk of
counteracting and undermining the accumulation of inert knowledge. Surprisingly, though, only few
studies have investigated explicitly what we call PPR of sustainability at all. Most studies also frame
the importance students ascribe to sustainability during their education as perceptions or perceived
importance of or interest in sustainability. One of the pioneering works exploring PPR of sustainability
was Davis et al. [21]’s qualitative case study at two campuses in the US. The researchers conducted
qualitative interviews with 31 students and asked them about the experiences they had made in
engaging with the concept of sustainable development in their studies. The students stated that their
engagement had raised their awareness of social and environmental benefits as well as for sustainability
trade-offs that they had found useful to consider in their fields of study and future work contexts.
Two comprehensive quantitative surveys come to a similar conclusion. First, results from a worldwide
study on engineering students suggested that despite a lack of general knowledge of sustainability
and understanding, students were in favor of the concept [22]. Bone and Agombar [23] found in an
online survey of n = 5.763 first-year students in the UK that most students perceived sustainability
to be relevant at least to some extent for their studies and future working contexts, irrespective of
their study backgrounds. According to their results, the generally perceived importance of the topic
seems to be stable even after graduation. For instance, research on post-graduates in the UK (1 = 98)
revealed that students generally acknowledge the relevance of sustainability for their career but have
reservations about existing approaches to deliver ESD in HEIs [24]. A number of studies suggest
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different individual characteristics that might influence students’ PPR of sustainability. These include
academic affiliation (major subject) [25,26], sex [26,27], age or year of studies [22,25], as well as formal
and informal educational experiences [25,28]. Moreover, researchers argue that increasing students’
understanding of sustainability concepts increases their PPR [21,29,30].

In sum, existing studies yield empirical insights into how students assess the professional relevance
of sustainability and provide some first cautious indications of possible influencing factors. So far,
however, there is no comprehensive study available that allows conclusions to be drawn about how the
perception of the relevance of the concept of sustainable development for professional contexts among
students is influenced by the aforementioned individual factors or their own sustainability conceptions.

2.2. Research on Sustainability Conceptions

The most widely used definition of SD is that provided by the Brundtland commission, describing
it as “meeting the needs of the present without compromising the ability of future generations to
meet their needs” [31] (p. 43). Despite its prominence, the definition has been met with severe
criticism, e.g., for its anthropocentric focus, its uncritical affirmation of environmental conservation
and economic growth or for its indetermination with regard to specific goals and approaches to achieve
SD [32]. Consequently, more than 100 alternative definitions of SD have been proposed, highlighting
e.g., ethical [33], social [34,35], or cultural [36,37] aspects of the concept. So far, no consensus has
been reached in the scholarly debate [38]. There has been a lot of confusion in the literature over the
definition of SD, over the way it is used and how it is conceptualized [39]. Different conceptualizations
are mirrored for instance by the different shapes of the models, which take the form of pillars, nested
circles, triangles [40] (p. 7ff) or even doughnuts [41]. Thus, individual conceptualizations of the
term vary widely [42]. Another complexity of this discussion concerns the question whether the
notions of sustainability and sustainable development can or should be used interchangeably [43].
Three arguments to distinguish the two terms are commonly found in the literature:

1. Idea vs. political program: Sustainability is seen as a historically evolved idea that describes
certain principles of justice and ideals for the future. Sustainable development, on the other hand,
is located more strongly in a political context that is particularly influenced by the work initiated
by the Brundtland definition and carried out by the United Nations since the 1980s;

2. State vs. process: In line with the previous distinction, sustainability is used as a term expressing
a desirable future state, while sustainable development is used to refer to the process leading to
that terminal condition;

3. North vs. South: A third distinction stems from the criticism, mainly from the Global South,
that the concept of SD is intended to promote Western development models. In line with this,
critics from the post-growth or degrowth community have advocated that sustainability strategies
should aim to overcome the growth logics inherent in the concept of development.

Against the background of the controversies described above, the interest of this study relates to
how students represent sustainability on a general level: The focus is not on theoretical concepts such
as strong/weak sustainability, or concrete strategies to achieve a more sustainable future, but rather on
semantic connotations of the root term. Since the connotation profiles of the terms "sustainability" and
"sustainable development" are very similar among the German population [44], we use both terms
synonymously in this study. In order to express that we are more interested in general associations
with the idea of sustainability than in concrete sustainability strategies, we speak of sustainability
conceptions in the following.

In addition to different definitions of sustainability, there are also different ways to conceptualize the
construct. Traditionally, three dimensions of sustainability are distinguished: economic, environmental
and social [40]. These three dimensions and similar terms can also be found in UNESCQO’s ESD
Implementation Scheme [45]. This document identifies a number of key sustainability issues underlying
the three dimensions of SD. Sub-themes of the environmental dimension are natural resources (water,
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energy, agriculture and biodiversity), climate change, rural development, sustainable urbanization,
disaster prevention and mitigation. Those reflecting the social dimension are human rights, peace and
human security, gender equality, cultural diversity and intercultural understanding, health, HIV/AIDS
and governance. Part of the economic dimension are poverty reduction, corporate responsibility and
accountability, and market economy [45] (pp. 18-22). National target agreements with universities in
Germany and funding guidelines for higher education policy have been developed on the basis of
UNESCO’s ESD Implementation Scheme, which consequently had a substantive on how the idea of
sustainability was conceived in teaching and research at universities. The Implementation Scheme has
also been successfully used as a guiding framework for the assessment of school students” views on
ESD [46]. For these reasons, we are using the above-mentioned key issues as the basis for assessing
sustainability conceptions in this study.

A related strand of inquiry focuses on investigating how students deal, perceive, and make sense
of these differing and vague sustainability conceptions. Constructivists conceive learning as a process
of creating new insights by validating existing conceptions and adapting emerging conceptions [47].
These (pre-)conceptions can be activated when a problem is framed and presented in a sustainability
perspective and may act as a filter that selects and adapts any new information [48]. Sustainability
conceptions have been researched and discussed in the HESD literature for some time. We focused
our review of existing works on sustainable conceptions on articles published from 2008 to 2019 in
order to continue the seminal work by Lipscombe [39], who gave an overview of studies between
2002 and 2007. We centered on studies from the field of HESD (excluding other fields, e.g., school
education). Accounting for differences in the terminology, we used the terms understanding, perceptions
and conceptions. Subjects of the empirical studies had to be university students. We included n = 17
studies with the following disciplinary backgrounds: management and business education [49-52],
engineering education [24,53-55], teacher training [56-58], tourism [29,59], as well as five studies with
the overall aim of integrating ESD into HEISs [25,60,61].

Three questions were of particular interest in the literature review: (1) Which terminology is used,
(2) which study design is employed and (3) which results on dimensionality are reported. The following
synopsis of the review is structured along these questions.

First, with regard to terminology, we found that the terms are often used interchangeably and
inconsistently. Moreover, most articles use the term understanding, less conceptions and perceptions.
As we noticed so far, only three authors provide explicit definitions of sustainability conceptions.
Reid et al. [49] (p. 664) define conceptions as the outcome of a phenomenographic study, which is
described as an “hierarchical set of qualitatively different butlogically related categories.” This definition
is only useful in the narrow context of this research method and therefore not useful for large scale
assessment. Cotterel et al. [29] (p. 2) use conceptualization and describe it as the “formation of an idea
about something”. Conceptions need to be distinguished from understanding which incorporates the
application of knowledge in decision-making situations according to Carew and Mitchell [62]. Based on
our critical reading of the literature, we decided to understand sustainability conceptions as “the
degree to which students associate ecological, sociocultural, and economic aspects as integral part of
sustainability” [11] (p. 546). This definition seems helpful as it encompasses the three core dimensions
previously described, contains the possibility of measurement, and allows to show individual points of
gravity in students’ conceptions.

Second, the dominant research method is a survey with open-ended and closed questions followed
by qualitative interviews and mixed method approaches where interviews and surveys are combined.
One study used conceptual maps as a way to measure the complexity of the conceptions [53]. Another
study analyzed students’ reflective journals in order to gain insight into students’” conceptual changes
over time [51]. Most studies are case studies which describe differences between student groups within
a confined setting. However, two studies use pre-post designs to show effects of ESD courses on
students’ conceptions and conceptual changes [51-53].
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Third, the majority of studies draws on the traditional conception with three or four dimensions
of sustainability. Some studies, however, distinguish between up to seven different sustainability
dimensions [25,55-57,59]. A common distinction is made between naive, simple or pre-structural
conceptions on the one hand, and broader, more sophisticated, multi-structural or interconnected
conceptions on the other. Almost all previous studies indicate a tendency among students to associate
primarily environmental or ecological aspects with sustainability on the expense of sociocultural
aspects or economic aspects. An exception is the study by Carmargo and Gretzel [59] report 15%
holistic views among their tourism students in Latin America. Further, freshmen’s conceptions seem
to be more simplistic, in particular prior to their studies or without being exposed to interdisciplinary
sustainability courses [51,52,55].

Taken together, these results suggest that students start their higher education career with pre- or
unistructural conceptions that might then influence their perception of the relevance of sustainability
for them and their professional future.

3. Materials and Methods

The empirical case study presented in this paper addresses two shortcomings that have been
identified in the review of the literature on key concepts (Section 2): (1) The fragmented knowledge
about students’ sustainability conceptions and (2) the influences of these conceptions on PPRs
of sustainability as antecedents of competence acquisition in comparison to other influencing
factors (i.e., socio-demographic and prior experience-related factors). We used a cross-sectional and
correlational design to examine the relationship between the variables. The study was carried out at a
medium-sized university with a strong focus on sustainability in northern Germany (2012-2016). In this
article, we use data that have been collected before the students started their first semester in a so-called
starting week. The university pursues a whole-institution approach to HESD, thus incorporating
HESD into its four core activities (education, research, operations, and community outreach).

3.1. Measures

The questionnaire consisted of six independent (IV) and two dependent (DV) variables. The first
part of the questionnaire asked the respondents to provide information on socio-demographics that
previous studies have shown to be influential (sex, age, major subject) as well as previous informal
educational experiences and prior formal engagement with sustainability (see Section 2.1). The second
part comprised measures of individual characteristics like students” sustainability conceptions and
PPR for their major subject (PPRcyrrenT) and their future professional work contexts (PPRryTURE)
(for an overview see Table 1).
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Table 1. Summary of independent (IV) and dependent (DV) variables and response types.

Variable Question Response Type
SEX Sex Please indicate your sex. Categorical item with
three options:
Female/male/no
answer
MA] Major subject Which major subject did you Categorical item with
choose? 15 options
AGE Age How old are you? Open ended item
v IEE Informal What did you do between the Multiple response,
educational end of the school and the start of 15 items (e.g.,
experience your current study at the voluntary work,
university? internship, vacation
longer than 2 month)
FEE Formal educational =~ Do you have ever encountered Dichotomous
experience the concept ‘sustainability” or categorical item
‘sustainable development’ in the (YES/NO)
classroom?
CSD Sustainability Here we would like to know to Seven-point Likert
Conceptions what extent you associate the scale, 12 items (e.g.,
following aspects with the ‘conservation of natural
concept of sustainable resources, efficiency’).
development.
PPRcyrrenT  Current Perceived Do you perceive sustainable Dichotomous
Professional development as related to your categorical item
Relevance major subject? (YES/NO)
DV
PPREyTURE Future Perceived Do you perceive sustainable Dichotomous
Professional development as related to your categorical item
Relevance future professional career? (YES/NO)

3.1.1. Independent Measures

Sociodemographic variables and formal and informal educational experience were assessed
through single items (see Table 1 for details). Due to the unavailability of an elaborated measure of
student sustainability conceptions (see Section 2.2), a new scale was developed for this study following
Borg et al.’s definition of sustainability conceptions [11]. As this study presents only cross-sectional
data from first-year students entering university, we use the term (pre-)conceptions to refer to the aspects
students relate to sustainability prior to entering the university system.

The development of the conceptions of sustainable development (CSD) scale is based on a threefold
model of sustainability that comprises environmental, sociocultural and economic dimensions that
has been used in prior research on students’ sustainability conceptions (e.g., [58]). Each of the
dimensions includes a set of independent, rather conservative objectives and principles of sustainability.
The items in our questionnaire were developed and categorized to represent most commonly addressed
sub-themes of these three dimensions. Participants were asked to indicate how much they associate
certain aspects (e.g., ‘conserving natural resources’) with the term sustainability on a six-point Likert
scale from 6 (‘I strongly associate this aspect with sustainability’) to 1 (‘I do not associate this aspect with
sustainability’). The related comprehensive item pool is based on Barth and Timm’s [25] measurement
of understandings and follows a rational scale development resulting in a list of 23 items (see Table 2).
Initially, the item pool was tested in a pilot study with (n = 832) students as recommended by De
Vellis [63] (p. 144-146). Additionally, students could add aspects they missed in the scale and comment
on the scale. These items were then analyzed according to their psychometric aptitude and also revised
and expanded based on the pre-study (see Table 2 for the scale summary and factor loadings across
studies). Next, a revised pool of 23 items was created and the number of answer categories was
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changed from six to seven, because a) the quality of the measurement increases when the number of
answer categories increases and b) a central category to avoid forced, systematic answer biases has
been added [64]. Now, the answer categories are ranging from 7 (‘I strongly associate this aspect with
sustainability’) to 1 (‘I do not associate this aspect with sustainability’).

The revised 23 items were again tested for capturing the three dimensions of sustainability
conceptions. In order to analyze the factor structure, a principal factor analysis was performed on the
23 items with promax oblique rotation. All items with factor loadings over 0.4 were included. With the
cut-off set at 0.4, we considered the items with high loadings and content validity to keep the scale
balanced [65]. A Kaiser-Meyer-Olkin value of 0.89 verified the sampling adequacy for the analysis.

The resulting instrument consists of 12 Likert-type items. Table 2 provides a full overview of the
items used in the present study and Table 1 gives an example how the questionnaire was designed.
Eleven items had to be deleted as they were redundant, had no content validity or were covered
by another measure. Some have been rephrased. For theoretical reasons, we fixed the number of
factors to three in a follow-up analysis, with the three factors representing an environmental (env_con),
a sociocultural (soccul_con) and an economic (econ_con) dimension of sustainability conceptions.
This factor solution explains 43% of the variance. This supports construct validity. Regarding scale
reliability, Cronbach’s alpha for 12 items is @ = 0.74, indicating that a heterogeneous attribute is
measured, which is reasonable against the background of existing definitions. Alpha coefficients for
subscales between a = 0.70 and « = 0.76 (see Table 2) demonstrate that the developed instrument has
an acceptable consistency and results can be considered reliable [66]. The mean inter-item correlations
are between r = 0.38 and r = 0.45, which can be considered optimal [67]. For each factor, we built
separate indices by averaging the factor items.

3.1.2. Dependent Measures

The conception of relevance underpinning this study has its focus on the vocational dimension,
in which academic qualification (in the major subject), career orientation and preparation for future
working demands are of pivotal interest [68]. PPR is operationalized in two measures: with regard to
their current professional contexts (PPRcyrrenT), students were asked whether they see a relationship
between their major subject and sustainability; regarding their future professional contexts (PPRryTURE),
students were asked about a corresponding relationship between their future professional work and
sustainability (see Table 1).
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Table 2. CSD-Scale summary (factor loadings across studies).

Item Pilot Study Study
Factor 1: Sociocultural conception c=4.00 c=443
Human rights 0.77 0.74
Justice between industry and developed countries 0.77 0.71
Life quality for all people around the world 0.65 0.60
Participation of all people in decision making 0.58 0.59
Social security 0.55 0.61
Protection of different cultures in the world 0.53 0.45
Deceleration 0.47 0.39
Bad compromise 0.30 -
Justice between rich and poor - 0.82
Factor 2: Environmental conception c=2.07 c=213
Responsible behavior 0.66 0.60
Conservation of natural resources 0.57 0.74
Environmental program 0.52 0.56
Protecting ecosystems for future generations 0.53 0.75
Relationship between the Ecological, economic, and Social 0.34 0.39
Durability/longevity 0.48 0.54
Societal learning process - 0.33
Factor 3: Economic-technical conception c=113 c=1.07
Economic performance 0.90 0.75
Economic growth 0.85 0.75
Technological progress 0.622 0.55
Efficiency - 0.40
Factor 4: Skeptical conception c=0.83
Buzz word 0.71 -
Empty phrase 0.57 -
Utopia 0.53 -

Note: Entries calculated with SPSS24. Rotated factor loadings. Rotation: oblique promax (Kaiser on). ¢ = eigenvalues.

3.2. Data Collection and Data Analysis

The online questionnaire based on LimeSurvey™ was administered over a period of three weeks
in October 2013 and 2014, before semester beginning. The sampling approach was convenience-based.
Participation was anonymous, voluntary and based on informed consent. This means that the
questionnaire was not part of the formal assessment of the students and that students have been invited
via an online link to take part in the study. Students have been informed about their right not to answer
the questionnaire and that their answers are pseudonymized. We used the LimeSurvey™ settings
in a way that no link between answers and participants was possible. Items in item batteries were
presented in randomized order to avoid primacy and recency effects [64]. Two independent logistic
regression analyses between the independent variables and the dependent variables PPRcyrrpnT and
PPRrytURg Was conducted as we expected that the relationships between the personal characteristics
could be different for the two outcomes. The likelihood of perceiving sustainability as relevant for
their major subject or for their future professional work is represented in the form of odds ratios (ORs).
The approximate ORs were calculated by exponentiating the logistic regression coefficients. ORs > 1
indicate that respondents have a greater likelihood of perceiving sustainability as relevant relative to
the reference group employed. Conversely, an OR < 1 has the opposite interpretation.

Regression models were tested using a bootstrapping procedure [69]. Bias corrected 95%
confidence intervals were conducted using 1.000 bootstrap samples. Furthermore, interaction terms of
continuous predictors and their log-transformation were analyzed for collinearity, but no significant
interaction terms were found (p > 0.05). The observed tolerance values for predictors are between 0.89
and 0.95 and VIF values are between 1.16 and 1.27 and therefore indicate no causes of concern [70].
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No cases with concerning leverage, Cook’s distances or standardized DFBetas were found. Residuals
were analyzed for outliers above the limits of + 3, with no cases found.

3.3. Sample

The online questionnaire was disseminated to all first-year students in 2013 and 2014 (N = 2730).
The overall response rate of our study was 50% (see Table 3). In total, n = 1364 students responded
(12013 = 756 and nyp14 = 608). We could not distinguish any external factors resulting in this rather high
response rate, but not all respondents answered all questions. Due to lower response rates on some
instruments in the survey, cases were excluded listwise before logistic regression analysis, resulting
in npprcUrRRENT = 784 and npprruTURE = 814 complete data sets in regression analysis. The share of
women in the sample is 62%, which can be regarded as representative of the university surveyed.
The number of female students there has remained relatively unchanged for years, with a total share of
women of 60%. Students” ages ranged from 17 to 51 (M = 21.23; SD = 3.50; n = 1244). All 14 different
major subjects offered at the university were represented (n = 1294).

Table 3. Sample distributions.

Pilot Study Present Study
N % N %
Total Sample 1740 100.00 2730 100.00
Response (Rate) 913 52.00 1364 49.90
Sex
Female 558 61.11 477 34.97
Male 304 33.29 258 18.91
Not indicated 51 0.06 73 5.35
Age - - 1244 91.20
Study program
B.A. Teaching and Learning 111 12.16 242 17.74
B.A. Social Education 32 3.50 57 418
B.A. Business Education 27 2.96 48 3.52
Major subject
Business Administration 156 17.09 214 15.69
Business Information systems 23 2.52 58 4.25
Cultural Science 202 22.12 198 14.52
Digital Media - 0.00 25 1.83
Economics 20 2.19 34 2.49
Environmental Science* 105 11.50 179 13.12
Studium Individuale 16 1.75 33 2.42
Industrial Engineering 42 4.60 43 3.15
Business Law 70 7.67 43 3.15
Political Science 18 1.97 32 2.35
(Organizational) Psychology 73 8.00 88 6.45
Total 895 98.30 1289 94.50

Note: Age was not included in the pilot study. The major subject Digital Media has been introduced in 2014.
Environmental Science including the students from Global Environmental and Sustainability Science.

4. Results

In this chapter, we first give an overview of descriptive statistics on all variables (4.1) and expand
on the results regarding the role of individual characteristics on PPRs focusing in particular on the role
of students’ sustainability conceptions.
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4.1. Descriptive Statistics for Independent Variables

Descriptive statistics on independent and dependent variables are displayed in Tables 4-6. In total,
more than 46% of the sample (1 = 633) indicated that they had prior encounters with sustainability in
school (FEE). In addition, students experienced between zero and five informal educational experiences
(n =1287; IEE) before they entered university. Most of the students (74%) reported zero or one, and less
than 1.50% had four or five informal experiences. Multiple answers were possible on this scale, so that
the relative frequencies cannot be added together. If they had such encounters, most students did
some casual work (26%) or completed a vocational training (23%) and/or they travelled longer than
two months (21%), including Au-Pair services). Some also completed an internship (14%) after school.
Often students did voluntary work (19%) and fewer participated in voluntary social, ecological or
cultural services for about a year (11%). Around 12% of the undergraduates studied already before
they started again at the university.

We then analyzed to what extent students associate different dimensions with sustainability.
We found that the environmental dimension (Mdn = 6.5, n = 1156, IV: env_con) was most strongly
associated with the concept of sustainable development, followed by the sociocultural (Mdn = 5.50;
n = 1155; IV: soccul_con) and the economic dimension (Mdn = 5.00, n = 1154; IV: econ_con). Median
values have been compared with Wilcoxon ranked sign test for paired samples because the scores for
environmental (D (1.154) = 0.20, p < 0.001), sociocultural (D (1.154) = 0.11, p < 0.001) and economic
dimensions of sustainability conceptions (D (1.154) = 0.10, p < 0.001) were deviating significantly from
normal. All median values were significantly different (p < 0.001) and effect sizes varied from r = 0.57
to v = 0.36. The value for the environmental dimension indicated the possibility of a ceiling effect,
which might reduce the variance.

4.2. Descriptive Statistics for Dependent Variables

We cross-checked QQ-plots and skewness and kurtosis to control for large sample size effects.
As for the dependent variable, a total of 46% of n = 1364 students perceive sustainable development as
relevant for their major subject (PPRcyrrenT). More than 52% think that sustainable development will
be relevant for their future professional work (PPRpyTurg). The drop out for PPRcyrgrenT is 11 = 563
and the drop-out for PPRpyTyRg is 7 = 530. In total, only n = 763 students answered both questions.
The reason for the high dropout rates in the dependent variables might result from their position at
the end of the questionnaire. Due to the relatively high drop-out rate in the dependent variables,
we carried out a detailed analysis of the dropouts on PPRcyrrent and PPRryTurg as well as on all
independent variables in order to find out whether values are missing at random and can be excluded
listwise in the following steps of analysis. The MCAR-Test indicates that the pattern of missing values
in quantitative variables is random (x? =9.43, p =0.08) [71].

However, separate t-tests showed that missing values in the independent variable age and the
dependent variable PPRcyrrent and PPReyTyuRre were significantly related. To control for possible
effects on the generalizability of the data, age will be excluded from the logistic regression analysis.
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Table 4. Frequencies for categorical IVs and DVs.

o,
Variable Name Category Frequencies o

(n = 1364)
v SEX Flf/[n;ie gg ﬁIZZ
No answer 73 5.35
v FE Nombinseo 24 1560
DV PPRCURRENT K?g ?% %228
DV PPRryUTURE i?s Ei 582,;)20O

Note: Entries calculated with SPSS 24.

Table 5. Descriptive statistics (means, standard deviations, minimum and maximum) for continuous IVs.

Variable M SD Min Max n
AGE 21.23 3.50 17 51 1244
Econ_con 4.77 1.06 1 7 1154
Env_con 6.41 0.65 1 7 1156
Soccul_con  5.50 1.03 1 7 1155
IEE 1 - 0 5 1287

Note: Entries calculated with SPSS 24. For the ordinal scaled variable IEE we calculated the median.

Table 6. Spearman pairwise correlations for ordinal and interval scaled IVs.

Variables AGE Eco_con Env_con Soccul_con IEE
AGE r 1
p
Eco_con r 0.038 1
p 0.193
Env_con r -0.030 0.128 ** 1
p 0.306 < 0.001
Soccul_con r -0.032 0.202 ** 0.296 ** 1
p 0.278 < 0.001 < 0.001
IEE r 0.200 *** —0.062 * 0.041 0.104 ** 1
p < 0.001 0.036 0.166 < 0.001
Note. * p <0.05. **p < 0.01. Econ_con = economic CSD. Env_con = environmental CSD. Soccul_con = sociocultural

CSD. n =1153.

4.3. The Role of Individual Characteristics for PPRs

In the first step of binary logistic regressions, we added independent variables in three different
models in order to choose the most parsimonious for further analysis [72] (pp. 767-768). The logistic
regression model was performed to describe the relationships between individual characteristics with
undergraduate first year students” PPRs of sustainability. We added variables in three blocks with
hierarchical analysis of each block. First, we tested a model only with sex and academic affiliation
(major subject). Second, we tested a model with sex, major subject and the three dimensions of
sustainability conceptions. In the third block, we added formal and informal educational experience.
The models were tested independently for both DVs (PPRcyrrenT and PPRpyTuRE). In what follows,
we will first report the model test for PPRcyrrenT, and then for PPRrytyRre (see Figure 1).
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Model | g Demographic Variables & Major Subject
Demographic Variables & Major Subject
Model Il >
Dimensions of Sustainability Conceptions
Demographic Variables & Major Subject
Model IlI > Dimensions of Sustainability Conceptions

Figure 1. The three models tested in the first step of binary logistic regression to find the most
parsimonious model for the prediction of current and future perceived professional relevance
of sustainability.

4.4. Results for PPRcyRrRENT

The logistic regression model II for PPRcyrrenT Was statistically significant, x? (19) = 122.37,
p < 0.000, and bootstrapping based on 1000 samples was applied. The final model III explained 22%
(Nagelkerke R?) of the variance in PPRcygrrenT and correctly classified 80% of the cases.

Tables 7 and 8 show the results regarding the measures of relations of sustainability to students’
major subject. Odds ratio (OR) for the outcome variable PPRcyrrent yielded several significant
results. Four (sex, major subject, sociocultural dimension of sustainability and informal educational
experiences) of the eight predicator variables had significant relationships with PPRcyrrenT. Planned
simple contrasts were calculated to compare all major subjects to the biggest group of students: B.A.
Teaching and Learning a teacher training program for primary, lower secondary and intermediate
school. Next relationships will be explained in greater detail.

First, the odds of male students perceiving sustainability as relevant for their major subject were
1.73 times higher than for female students. This means that in our study the probability of perceiving
sustainability as relevant for one’s own academic affiliation was 73% higher for men than for women.
Second, students of Environmental Science (OR = 19.30), B.A. Social Education (OR = 4.07) and
Engineering (OR = 3.72) were more likely to perceive sustainability as relevant for their major subject
than students who study the B.A. Teaching and Learning. Also, students of Studium Individuale
(OR = 3.55), Cultural Science students (OR = 2.42), and Business Administration (OR = 2.02) perceived
sustainability as more relevant for their major subject than teacher training students. In contrast,
students enrolled in digital media (OR = 0.17) perceived sustainability less likely as important than
B.A. Teaching and Learning students. Listwise deletion resulted in small samples for students from
B.A. Social Education (n = 36), Digital Media (n = 17), Engineering (1 = 23) and Studium Individuale
(n = 23). These results should be interpreted with caution. Third, a stronger association of sociocultural
aspects with sustainability resulted in a 1.53 greater likelihood of perceiving sustainability as relevant
for their major subject (PPRcyrrenT)- Fourth, odds ratio of the predictor IEE indicated that the more
informal educational experiences students had gained before they start their studies, the greater the
likelihood that they perceive sustainability as relevant for their major subject (OR = 1.37).

Finally, the economic and environmental dimensions of sustainability conceptions as well as
formal learning experiences were not associated with PPRcyRreNT.
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Table 7. Logistic regression predicting likelihood of current perceived professional relevance of
sustainability (PPRcyrrenT) based on students” individual characteristics.

Model I Model IT Model IIT
95%CI for OR 95%CI for OR 95%CI for OR
B SE LR OR UR B SE LR OR UR B SE LR OR UR
Sex (reference = female) 0.31 023 0.88 136 212 0.54 * 024 107 172 276 0.55 * 026 1.07 173 280
Major subject (reference = B.A.
Teaching and Learning)

B.A. Social Education 1.29 * 056 121 3.64 1096 1.27 * 057 117 357 1091 140 * 058 1.31 4.07 12.65
B.A. Business Education 0.06 044 045 1.06 252 0.03 0.45 043 1.03 250 0.12 046 046 113 276
Business Administration 0.40 029 085 149 262 0.60 * 030 101 1.82 326 0.70 * 030 111 202 3.67

Digital Media -173 = 057 006 018 054 -1.67 ** 058 006 019 059 -1.77 * 059 0.05 0.17 054

Industrial Engineering 0.99 066 074 269 9.81 122 * 0.68 090 338 1275 131 * 0.68 098 3.72 14.06

Cultural Science 084 * 031 126 232 429 0.89 ** 032 129 243 457 088 * 033 128 242 458
Political Science 0.95 065 072 259 931 091 068 0.66 247 928 085 068 0.61 234 891
Business Law -0.51 046 025 060 148 -048 047 025 062 155 -043 048 026 065 1.65
Studium Individuale 1.08 065 0.83 295 1049 1.29 * 067 098 3.62 1335 127 * 0.67 096 355 13.15
Economics —-0.10 051 0.34 090 243 0.06 052 039 1.07 292 0.14 052 042 115 3.19
Business Information Systems 0.32 052 050 138 383 047 054 056 1.60 458 0.50 055 056 1.64 478
Organizational Psychology 0.04 036 051 1.04 212 020 037 059 122 254 025 038 0.61 128 267
Environmental Science 297 ** 061 587 1951 64.86 2.99 ** 0.62 589 19.78 66.48 296 *** 0.62 574 19.30 64.94
Dimensions of sustainability
conceptions
Economic dimension -0.03 010 080 097 118 -0.02 0.10 0.81 098 1.19
Environmental dimension 0.17 015 089 119 159 0.19 015 090 120 161
Sociocultural dimension 045 * 010 129 156 1.8 043 ** 010 126 153 1.86
Educational Experience
Formal (reference = no FEE) -0.18 021 0.83 083 125
Informal 0.31 * 012 137 137 174
Constant 072 ** 019 2.05 =279 * 1.04 0.06 -288 ** 110 0.06
Observations 784 784 784
(-2LL) 722.63 694.96 687.58
Nagelkerke R? 0.16 0.21 0.22
Classification accuracy 79.70% 80.10% 80.00%

Note: *p < 0.05; ** p < 0.01; ** p < 0.001. OR = Odds ratio. CI = Confidence interval. LR = Lower. UR = Upper.

Table 8. Logistic regression predicting likelihood of perceived professional relevance of sustainability
(PPRrytuURE) for future professional work based on students’ individual characteristics.

Model I Model II Model IIT
95%CI for OR 95%CI for OR 95%CI for OR
B SE LR OR UR B SE LR OR UR B SE LR OR UR
Sex (reference = female) 0.02 024 0.63 164 023 026 076 126 209 024 026 077 128 212
Major subject (reference = B.A.
Teaching and Learning)

B.A. Social Education 1.09 076 0.67 299 1335 1.02 0.77 061 276 12.42 098 077 059 268 12.08
B.A. Business Education 1.00 077 0.61 272 1222 0.96 0.77 057 260 11.81 097 0.77 058 264 11.99
Business Administration 0.20 033 043 082 156 —0.05 034 049 095 184 -0.02 034 050 098 1.92

Digital Media -1.14 * 056 011 032 097 -105 ** 057 012 035 1.07 -1.02 057 012 036 1.11
Industrial Engineering -112 * 052 012 033 090 -0.96 053 0.14 038 1.08 -0.96 053 014 038 1.09
Cultural Science —-0.02 035 050 098 192 -0.07 035 047 093 186 -0.07 035 047 093 1.86
Political Science 0.05 067 028 105 3.8 -0.08 068 024 093 354 -0.05 0.69 025 095 3.64
Business Law 0.15 067 032 117 430 023 067 034 126 468 025 067 034 129 482
Studium Individuale 0.16 066 032 117 429 024 067 034 127 474 019 067 032 121 453
Economics —-0.86 052 015 042 118 -0.73 053 017 048 136 -0.70 053 018 050 142

Business Information Systems -0.75 053 017 047 133 -0.68 054 018 051 145 -0.67 054 018 051 147
Organizational Psychology —-0.51 040 027 060 132 -041 041 030 067 149 -0.39 041 030 068 152

Environmental Science 205 * 063 226 773 2649 198 ** 063 209 721 2487 198 ** 0.63 210 724 2497

Dimensions of sustainability

conceptions
Economic dimension -0.12 011 072 089 109 -0.12 011 072 089 1.09
Environmental dimension 0.21 016 091 124 168 022 016 091 124 1.69
Sociocultural dimension 034 * 010 115 141 172 036 ** 010 116 143 175
Educational experience
Formal (reference = no FEE) 0.27 024 081 130 209
informal 0.04 012 082 104 133
Constant 174 ** 023 5.67 -1.00 1.08 0.37 -1.49 1.08 0.23
Observations 814 814 814
(-2LL) 631.56 616.04 614.68
Nagelkerke R? 0.10 0.14 0.14
Classification accuracy 85.30% 85.50% 85.50%

Note. *p < 0.05; ** p < 0.01; ** p < 0.001. OR = Odds ratio. CI = Confidence interval. LR = Lower. UR = Upper.
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4.5. Results for PPRryTuRE

In Table 8, the effects of the predictor variables (IV) and the second outcome variable PPRryTURE
are displayed. In case of PPRpyTyuRE, adding formal and informal educational experiences in model
III did not result in a significant change in the y?-statistics. Therefore, we stayed with model II.
In comparison to the model for PPRcyrrenT, only two of the hypothesized predictor variables had
a significant relationship with the outcome. The logistic regression model was statistically highly
significant, x2(17) = 65.12, p < 0.001, and bootstrapping based on 1,000 samples was applied. The model
explained 14% (Nagelkerke R?) of the variance in PPRgytyurp and correctly classified 86% of the cases.

We found, that academic affiliation and the sociocultural dimension of sustainability conceptions
showed a significant relationship with PPRpyTurg. Environmental Science students expressed a 7.21
greater likelihood to attach relevance of sustainability to their future professional work than B.A.
Teaching and Learning students. Surprisingly, no further contrasts were found for other academic
affiliations. In addition, a stronger association of sociocultural aspects with sustainability was correlated
with increasing likelihood of perceiving relevance of sustainability for future professional work contexts
(OR =1.41). Finally, sex, the economic and environmental dimension as well as formal and informal
education were not associated with PPRgyTyRE-

5. Discussion

This study explored how relevant first year students at a German university with an explicit
sustainability profile consider sustainability to be for their current and future professional career (RQ1),
what different sustainability conceptions they hold (RQ2), and in how far these conceptions inform
their perceived professional relevance compared to other influencing factors (RQ3).

5.1. Findings

Regarding RQ1, our findings corroborate earlier works and show that almost half of all students
considered sustainability as relevant for their major subject (PPRcyrrent), and more than half for
their future professional work contexts (PPRryTuURg) prior to commencing their undergraduate studies.
Already Azapagic et al. [22] and Bone and Agombar [23] have shown that undergraduate students
conceive of sustainability as being important for their future career trajectory. Interestingly, Barth and
Timm [25] showed that second and fourth semester students from the same university analyzed in our
LISHE case study scored lower when they were asked to look back at how relevant they had perceived
sustainability in the first semester (29%). However, the authors report that when they were asked how
relevant sustainability is to them presently, this perception increased substantially, in particular for
students in sustainability-related programs.

Regarding RQ2, this study found that although every dimension of sustainability was recognized
by the students, differences were observed regarding the extent to which they associate economic,
environmental and sociocultural aspects. Differences in median values reveal that students associate
the environmental dimension to a greater extent with sustainability than other dimensions. Here, too,
our findings support previous works highlighting environmental biases in sustainability conceptions
(e.g., [25,51-53,55,57,59]). An important extension of previous works is that although students associate
sustainability most strongly with the environmental dimension, this dimension is not significant as
a predictor.

Regarding RQ3, our study has identified the sociocultural dimension of sustainability conceptions
as a relevant factor influencing in how far students perceive sustainability to be relevant for the current
major subject and future professional work. This is somewhat surprising as existing research found that
the sociocultural dimension of sustainability is often disregarded by undergraduate and pre-university
students [58,73] or neglected as an important dimension of sustainability conceptions at all [11].
More so, our study showed that it was not just considered by students, but also significantly correlated
with the environmental dimension. A possible explanation for this is that students respond with more
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positive emotions to sociocultural aspects of sustainability, as emotions and values have been shown to
play a strong role in the ways that students make meaning of sustainability [74]. If this was the case,
then this may provide an explanation for the predictive effect of sociocultural sustainability conceptions
on both PPRcyrrenT and PPRpyTURE Of sustainability among students. Another explanation could be
that the share of students interested in social studies is high in this sample and has led to a stronger
relation of this dimension to perceived relevance. However, these tentative explanations would require
further exploration and substantiation.

Our study also confirms that students” academic affiliation and sex was associated with a greater
likelihood of perceiving sustainability as relevant for current study contexts. Other findings confirming
previously reported results are that environmental science students are more likely to consider
sustainability relevant for their studies and their career than teacher training students. This finding
is not surprising, given that sustainability is a key concept in environmental science students” major
subject (PPRcyurrenT)- Equally plausible is greater likelihood of PPRryTURE as it can be assumed that
the students are already aiming for a sustainability-related position at the beginning of their studies.
For teacher training students, the connection between their professional future and sustainability is
probably less clear in this early stage of their studies.

Teacher training is one of several academic programs that our data showed to have some interesting
nuances. In teacher training, students with a focus on vocational social education perceive sustainability
to be more relevant to their studies than students for primary, lower secondary and intermediate
schools. A possible explanation for that is that the B.A. Program for Social Education attracts students
with a greater predisposition for social responsibility. Other noteworthy differences between major
subjects can be identified for Engineering and Business Administration students who have higher
scores in PPR than teacher training students. A possible explanation for this is that the fields of
engineering sciences and economics at the case university have embraced sustainability more explicitly,
which may have attracted students. However, this does not seem to extend to Digital Media students as
they do not seem to be able to establish a link between their major subject and sustainability. However,
it may also be that the field appears clearly defined and technically positioned that it is difficult to
establish a relationship between the key topics of the academic affiliation and SD.

One unanticipated finding was that those students who identified themselves as being male
had a greater likelihood to view sustainability as relevant for their major subject (PPRcyRRENT)-
This was surprising, as several other studies have shown that female students tend to display greater
environmental concern [75], which we would have expected to result in stronger connections between
their perceived relevance of sustainability and their major subject. A possible explanation is that in
smaller samples, variance of answers can be reduced. This takes into account that probably only
interested and motivated male individuals might have participated in the survey.

Finally, it is generally noteworthy that the explained variance in PPRcyrrenT and especially for
PPRpyTURE Was rather low. Obviously, the suggested predictors lacked incremental power, especially
for describing the relationship of the factors and PPRrytyrg. We see three possible explanations:

1. Lack of studies looking into antecedents of relevance: Most studies on relevance and
conceptions in the field of HESD describe students’ conceptions rather than analyzing the
determinants and antecedents of these constructs. Overall, our results show that the predictors
drawn from the literature lack incremental power and seem to be rather unspecific. Thus,
we suggest looking into values [46] and more specific aspects why students might relate
sustainability to their particular major subject, given that previous research has shown that the
perceived importance of peoples’ goals is strongly related to their values [76];

2. Lack of quality in previous sustainability-related education: Recent evidence from a
representative study of German youths and young adults suggests that ESD is widely treated as
an add-on topic (“teaching about sustainability”) rather than an integrative perspective (“ESD as
a teaching approach”) [77] pp. 121-123. While this may help to improve students’ familiarity with
the term sustainability, it may be limited in its ability to significantly improve students’ perceived
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relevance of sustainability [78]. In this vein, future work may seek to include a more qualitative
predictor to better account for the quality of previous formal and informal ESD experience;

3.  Lack of sophisticated sustainability conceptions in media-induced learning: Recent findings
show that while German newspapers have increasingly used sustainability terminology, they still
refer to it mostly in an everyday language meaning of something being long-lasting or very
intense [79]. The exposure to mass media may have contributed to an overall high familiarity
with the term on the one hand but could have also given rise unspecific and unsophisticated
understandings of it that may impede the perception of the concept as being relevant on the
other hand.

5.2. Limitations

There are certain limitations of this study that need to be considered. In both regression analyses,
we were able to show relationships only for two or three independent variables. This might suggest
that PPRs are not related with other variables. It is more plausible, however, that the lack of
connections, especially for sex, was a methodological inconsistency or an artefact of the unbalanced
sample ratio between men and women. Furthermore, items with ceiling effects such as ‘protecting
ecosystems for future generations’ or ‘conservation of natural resources’ (as aspects of sustainability
conceptions) and different group sample sizes could be responsible for the lack of connections of the
independent variables.

We make no claims that the survey sample is representative for the cohorts. The study was
conducted with limited knowledge about sociocultural background, years of education or further
information on students’ individual characteristics and how these might influence students’ responses.
Finally, despite the large number of the survey respondents, the scope of the study was limited to a
comparatively uniform group - first year students in one university in one European country in a 2-year
time frame. In view of these limitations, an essential contribution of our study is to have developed and
tested an empirically based approach that can be used to empirically clarify the connections between
different established influential factors and PPRs. The model developed is necessarily limited in its
external validity and generalizability. A promising direction for further research in this field could be
to apply the approach tested here to other national, historical, cultural and institutional settings and to
examine the differences and similarities that emerge.

5.3. Implications for Future HESD Research and Theory-Building

We see theoretical implications for further theory-building on PPR of sustainability as a construct
in the conceptualization of learning outcomes and as a covariate especially in the detected lack of
powerful predictors. As the predictors included in this study do not have a lot of incremental power
and seem to be rather unspecific, further research is needed to probe the contribution of other variables.
These could be, for example, individual values or practical relevance in a course or the way in which
a teaching approach is designed. Furthermore, more research is needed on specific constructs or
aspects that investigate what perceived relevance could mean more specifically in the context of
major subjects (e.g., educating future change agents as a teacher, designing less resource-consuming
products as an engineer) or different universities. Overall, our research shows that there is a need for
greater consistency in the application of concepts and terms in research on student conceptions and
perceptions of sustainability. Our review of existing works revealed that the terms perception or view
are more often used in the context of how students perceive the implementation of sustainability in
their professional contexts or how they perceive ESD, whereas the term conception refers to the mental
representation of (aspects of) a concept. Future research should ensure greater consistency in the usage
of these terms and the definitions underpinning them in order to allow for more comparable results
and a consolidation of research. A further limitation for the generalization of results and models on
conceptions and PPRs lies in the study designs, which are based on concepts developed in Western
cultural settings and restricted to data collected in a case study context. While this study did not aim
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to produce generalizable results, it seems worthwhile to build on our findings to explore how similar
research in different contexts would yield differences and similarities that could then inform further
theory building.

5.4. Practical Implications for Teaching Approaches in HESD

Which recommendations can be derived from these findings for the development of teaching
approaches in HESD as to increase PPRs and sophistication of students’ sustainability conceptions?
We see three possible implications: first, given the variations in sustainability conceptions that students
bring to the classroom, the instrument can inform the design of learning settings, which should
provide adequate room for a critical and non-affirmative engagement with divergent sustainability
conceptions. In light of the important role that prior experiences seem to play for the formation of
these conceptions, learning settings should provide sufficient opportunities for students to reflect on
previous informal and formal experience in their learning process [80]. Two practical implications
can be drawn from this result. Universities need to offer support—especially for first year students
with less informal experiences—in developing PPRs of sustainability. One possible way to leverage
students’ perceptions of sustainability as being professionally relevant could be to more explicitly
communicate the advantages of integrating sustainability issues into curricula to and with students.

Additionally, university teachers dealing with sustainability issues should be aware of the
importance of prior informal learning experiences of their first semester students and provide
opportunities for transfer of this informal knowledge especially in the first semesters. Second,
curriculum designers in HESD may work to strengthen the sociocultural aspects of sustainability,
as these seem to be the most important factors when it comes PPRs of sustainability. For example, explicit
efforts could be made to complement the presentation of environmental and/or economic-technical
issues with a discussion of sociocultural conditions or implications of sustainability. Third,
HESD teaching approaches should more explicitly enable students to actively engage with
different understandings of sustainability. Teaching approaches including for instance mindfulness
practices [81] may enable students to reflect on different understandings and provide opportunities for
conceptual change.

6. Conclusions

With the SDGs, sustainability is today a key idea and concept in politics, the private and corporate
sector, as well as civil society worldwide. Universities play a key role in engaging students with different
concepts of sustainability so that they can develop their own understanding and use it as a framework
to decide and act in different contexts. The findings of this study reveal significant differences between
first year students’ sustainability conceptions and the relevance that they ascribe to sustainability for
their current studies and future professional contexts. These findings highlight a twofold challenge
that HESD is facing to increase its effectiveness: first, to more adequately address the wide range of
undergraduates’ sustainability conceptions; and second, to make their academic engagement with
sustainability more relevant for their current and future professional work. Our research suggests
that possible curricular innovations could highlight sociocultural aspects of sustainability in order to
enhance the perceived relevance of sustainability in professional contexts. This study provided a first
exploration of the link between different individual characteristics, sustainability conceptions, and the
relevance that students ascribe to sustainability for their professional lives that future studies in HESD
research can build up on.

Author Contributions: Conceptualization, A.S. and D.F,; methodology, A.S..; software, A.S.; formal analysis,
AS.; writing—original draft preparation, A.S. and D.F.; writing—review and editing A.S. and D.F,, A.S. and D.F,;
visualization, A.S.; supervision, D.F.; project administration, A.S.

Funding: This research received no external funding.

Acknowledgments: The authors would like to thank Gerd Michelsen for his leadership in the LISHE project and
for making this empirical study possible. The authors also acknowledge Marco Rieckmann and Simon Burandt



Sustainability 2019, 11, 5155 19 of 22

for their contributions in the early design of the study. Additional thanks to Florian Hofmann for his support in
data preparation, as well as to Paul Lauer and Tim Steins for proofreading the article.

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

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Miiller-Christ, G.; Sterling, S.; van Dam-Mieras, R.; Adomfient, M.; Fischer, D.; Rieckmann, M. The role of
campus, curriculum, and community in higher education for sustainable development—A conference report.
J. Clean. Prod. 2014, 62, 134—137. [CrossRef]

Michelsen, G. Policy, politics and polity in higher education for sustainable development. In Routledge
Handbook of Higher Education for Sustainable Development; Barth, M., Michelsen, G., Rieckmann, M., Thomas, L,
Eds.; Routledge: New York, NY, USA, 2016; pp. 40-55.

Bové, A.T.; Bonini, S. Sustainability’s Strategic Worth. McKinsey Global Survey Results. 2014. Available
online: https://www.mckinsey.com/business-functions/sustainability/our-insights/sustainabilitys-strategi
c-worth-mckinsey-global-survey-results (accessed on 31 July 2019).

Willard, M.; Wiedmeyer, C.; Warren Flint, R.; Weedon, J.S.; Woodward, R.; Feldman, I.; Edwards, M.
The sustainability professional: 2010 competency survey report. Environ. Qual. Manag. 2010, 20, 49-83.
[CrossRef]

United Nations. Transforming our world: The 2030 Agenda for Sustainable Development: Resolution
adopted by the General Assembly on 25 September 2015: New York. 2015. Available online: https:
/[www.un.org/ga/search/view_doc.asp?symbol=A/RES/70/1&Lang=E (accessed on 4 September 2019).
Lozano, R.; Merrill, M.; Sammalisto, K.; Ceulemans, K.; Lozano, F. Connecting Competences and Pedagogical
Approaches for Sustainable Development in Higher Education: A Literature Review and Framework
Proposal. Sustainability 2017, 9, 1889. [CrossRef]

Sterling, S. Higher Education, Sustainability and the Role of Systematic Learning. In Higher Education and the
Challenge of Sustainability: Problematics, Promise and Practice; Corcoran, P.B., Wals, A.E., Eds.; KluwerAcad.
Publication: Dordrecht, The Netherlands, 2009; pp. 49-70.

Cotton, D.R.E.; Warren, M.E;; Maiboroda, O.; Bailey, I. Sustainable development, higher education and
pedagogy: A study of lecturers’ beliefs and attitudes. Environ. Educ. Res. 2007, 13, 579-597. [CrossRef]
Shephard, K.; Rieckmann, M.; Barth, M. Seeking sustainability competence and capability in the ESD and
HESD literature: An international philosophical hermeneutic analysis. Environ. Educ. Res. 2019, 25, 532-547.
[CrossRef]

De Haan, G. The BLK ‘21" programme in Germany: A ‘Gestaltungskompetenz’-based model for Education
for Sustainable Development. Environ. Educ. Res. 2006, 12, 19-32. [CrossRef]

Borg, C.; Gericke, N.; Hoglund, H.-O.; Bergman, E. Subject-and experience-bound differences in teachers’
conceptual understanding of sustainable development. Environ. Educ. Res. 2014, 20, 526-551. [CrossRef]
Chalkley, B. Education for Sustainable Development: Continuation. . Geogr. High. Educ. 2006, 30, 235-236.
[CrossRef]

Wals, A.E.J.; Geerling-Eijff, F.; Hubeek, F,; van der Kroon, S.; Vader, J. All Mixed Up? Instrumental and
Emancipatory Learning Toward a More Sustainable World: Considerations for EE Policymakers. Appl.
Environ. Educ. Commun. 2008, 7, 55-65. [CrossRef]

Lotz-Sisitka, H.; Wals, A.E.; Kronlid, D.; McGarry, D. Transformative, transgressive social learning: Rethinking
higher education pedagogy in times of systemic global dysfunction. Curr. Opin. Environ. Sustain. 2015, 16,
73-80. [CrossRef]

Sterling, S. Sustainable Education: Re-Visioning Learning and Change. Schumacher Briefings.; Green Books Ltd.:
Totnes, UK, 2001.

Vare, P.; Scott, W. Learning for a Change: Exploring the Relationship Between Education and Sustainable
Development. J. Educ. Sustain. Dev. 2007, 1, 191-198. [CrossRef]

Wals, A.E.J.; Jickling, B. Sustainability in higher education: From doublethink and newspeak to critical
thinking and meaningful learning. Int. J. Sustain. High. Educ. 2002, 3, 221-232. [CrossRef]

Mezirow, J. Transformative Learning: Theory to Practice. New Dir. Adult Contin. Educ. 1997, 1997, 5-12.
[CrossRef]


http://dx.doi.org/10.1016/j.jclepro.2013.02.029
https://www.mckinsey.com/business-functions/sustainability/our-insights/sustainabilitys-strategic-worth-mckinsey-global-survey-results
https://www.mckinsey.com/business-functions/sustainability/our-insights/sustainabilitys-strategic-worth-mckinsey-global-survey-results
http://dx.doi.org/10.1002/tqem.20271
https://www.un.org/ga/search/view_doc.asp?symbol=A/RES/70/1&Lang=E
https://www.un.org/ga/search/view_doc.asp?symbol=A/RES/70/1&Lang=E
http://dx.doi.org/10.3390/su9101889
http://dx.doi.org/10.1080/13504620701659061
http://dx.doi.org/10.1080/13504622.2018.1490947
http://dx.doi.org/10.1080/13504620500526362
http://dx.doi.org/10.1080/13504622.2013.833584
http://dx.doi.org/10.1080/03098260600717307
http://dx.doi.org/10.1080/15330150802473027
http://dx.doi.org/10.1016/j.cosust.2015.07.018
http://dx.doi.org/10.1177/097340820700100209
http://dx.doi.org/10.1108/14676370210434688
http://dx.doi.org/10.1002/ace.7401

Sustainability 2019, 11, 5155 20 of 22

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Burnett, P.C.; Pillay, H.; Dart, B.C. The Influences of Conceptions of Learning and Learner Self-Concept on
High School Students” Approaches to Learning. Sch. Psychol. Int. 2003, 24, 54—66. [CrossRef]

Corney, G. Student Geography Teachers” Pre-Conceptions about Teaching Environmental Topics. Environ.
Educ. Res. 2000, 6, 313-329. [CrossRef]

Davis, S.A.; Edmister, ].H.; Sullivan, K.; West, C.K. Educating sustainable societies for the twenty-first century.
Int. . Sustain. High. Educ. 2003, 4, 169-179. [CrossRef]

Azapagic, A.; Perdan, S.; Shallcross, D. How much do engineering students know about sustainable
development? The findings of an international survey and possible implications for the engineering
curriculum. Eur. J. Eng. Educ. 2005, 30, 1-19. [CrossRef]

Bone, E.; Agombar, J. First-Year Attitudes Towards, and Skills in Sustainable Development; National Union of
Students (NUS) and Higher Education Academy (HEA): York, UK, 2011. [CrossRef]

Opoku, A.; Egbu, C. Students’ Perspectives on the Relevance of Sustainability Literacy in a Postgraduate
Built Environment Program. Int. ]. Constr. Educ. Res. 2018, 14, 46-58. [CrossRef]

Barth, M.; Timm, J.-M. Higher education for sustainable development: Students’ perspectives on an
innovative approach to educational change. J. Soc. Sci. 2011, 7, 13-23. [CrossRef]

Watson, M.K.; Noyes, C.; Rodgers, M.O. Student Perceptions of Sustainability Education in Civil and
Environmental Engineering at the Georgia Institute of Technology. J. Prof. Issues Eng. Educ. Pract. 2013, 139,
235-243. [CrossRef]

Tuncer, G. University Students’ Perception on Sustainable Development: A Case Study from Turkey. Int. Res.
Geogr. Environ. Educ. 2008, 17,212-226. [CrossRef]

Khalil, D.; Ramzy, O.; Mostafa, R. Perception towards sustainable development concept: Egyptian students’
perspective. Sustain. Account. Manag. Policy . 2013, 4, 307-327. [CrossRef]

Cotterell, D.; Ferreira, J.-A.; Hales, R.; Arcodia, C. Cultivating conscientious tourism caretakers: A
phenomenographic continuum towards stronger sustainability. Curr. Issues Tour. 2019, 1-17. [CrossRef]
Sidiropoulos, L.; Wex, L; Sibley, J. Supporting the sustainability journey of tertiary international students in
Australia. Aust. J. Environ. Educ. 2013, 29, 52-79. [CrossRef]

World Commission on Environment and Development (WCED). Our Common Future; Oxford University
Press: Oxford, UK, 1987; pp. 1-91. Available online: http://www.un-documents.net/wced-ocf.htm (accessed
on 16 July 2019).

Hopwood, B.; Mellor, M.; O’Brien, G. Sustainable development: Mapping different approaches. Sustain. Dev.
2005, 13, 38-52. [CrossRef]

Langhelle, O. Sustainable Development: Exploring the Ethics of Our Common Future. Int. Polit. Sci. Rev.
1999, 20, 129-149. [CrossRef]

Griessler, E.; Littig, B. Social sustainability: A catchword between political pragmatism and social theory.
Int. J. Sustain. Dev. 2005, 8, 65-79. [CrossRef]

Dempsey, N.; Bramley, G.; Power, S.; Brown, C. The social dimension of sustainable development: Defining
urban social sustainability. Sustain. Dev. 2011, 19, 289-300. [CrossRef]

Brocchi, D. The cultural dimension of sustainability. In Sustainability: A New Frontier for the Arts and Cultures;
Kagan, S., Kirchberg, V., Eds.; Higher Education for Sustainability VAS: Frankfurt, Germany, 2008; pp. 26-58.
Stoltenberg, U. Kultur als Dimension eines Bildungskonzepts fiir eine nachhaltige Entwicklung. [culture
as a dimension of an educational concept for sustainable development.]. In Wechselspiele: Kultur und
Nachhaltigkeit. Anniherungen an ein Spannungsfeld; Banse, G., Parodi, O., Schaffer, A., Eds.; Global
Zukunftsfahige Entwicklung—Nachhaltigkeitsforschung in der Helmholtz-Gemeinschaft; Edition Sigma:
Berlin, Germany, 2010; Volume 15, pp. 293-311.

Voget-Kleschin, L.; Meisch, S. Concepts and Conceptions of Sustainable Development: A Comparative
Perspective. In Ethics of Science in the Research for Sustainable Development; Meisch, S., Lundershausen, J.,
Bossert, L., Rockoff, M., Eds.; Ethik in der Nachhaltigkeitsforschung = Ethics of sustainability research;
Nomos Verlagsgesellschaft: Baden-Baden, Germany, 2015; pp. 45-72.

Lipscombe, B.P. Understandings of sustainable development in a university community. Int. Textb. Res. 2008,
30, 565-579.

Farley, HM.; Zachary, A.S. Sustainability: If It's Everything, Is It Nothing? 1st ed.; Routledge: London, UK,
2013.


http://dx.doi.org/10.1177/0143034303024001621
http://dx.doi.org/10.1080/713664695
http://dx.doi.org/10.1108/14676370310467177
http://dx.doi.org/10.1080/03043790512331313804
http://dx.doi.org/10.1177/0973408214530037h
http://dx.doi.org/10.1080/15578771.2017.1286417
http://dx.doi.org/10.3844/jssp.2011.13.23
http://dx.doi.org/10.1061/(ASCE)EI.1943-5541.0000156
http://dx.doi.org/10.1080/10382040802168297
http://dx.doi.org/10.1108/SAMPJ-01-2013-0008
http://dx.doi.org/10.1080/13683500.2019.1577369
http://dx.doi.org/10.1017/aee.2013.15
http://www.un-documents.net/wced-ocf.htm
http://dx.doi.org/10.1002/sd.244
http://dx.doi.org/10.1177/0192512199202002
http://dx.doi.org/10.1504/IJSD.2005.007375
http://dx.doi.org/10.1002/sd.417

Sustainability 2019, 11, 5155 21 of 22

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Leach, M.; Raworth, K.; Rockstrom, J. Between social and planetary boundaries: Navigating pathways in the
safe and just space for humanity. In World Social Science Report 2013: Changing Global Environments; OECD
Publishing, Paris/fUNESCO Publishing: Paris, France, 2013; Available online: https://www.oecd-ilibrary.org/
social-issues-migration-health/world-social-science-report-2013/between-social-and-planetary-boundarie
s-navigating-pathways-in-the-safe-and-just-space-for-humanity_9789264203419-10-en (accessed on 31 July
2019).

Carew, A.L.; Mitchell, C.A. Teaching sustainability as a contested concept: Capitalizing on variation in
engineering educators’ conceptions of environmental, social and economic sustainability. J. Clean. Prod.
2008, 16, 105-115. [CrossRef]

Robinson, J. Squaring the circle? Some thoughts on the idea of sustainable development. Ecol. Econ. 2004, 48,
369-384. [CrossRef]

Otto, S. What means sustainability and sustainable development? Okologisches Wirtschaften Fachzeitschrift 2010,
25, 36-38. Available online: https://oekologisches-wirtschaften.de/index.php/oew/article/viewFile/1092/1090
(accessed on 31 July 2019).

United Nations Educational, Scientific and Cultural Organization. United Nations Decade of Education for
Sustainable Development (2005-2014): International Implementation Scheme; UNESCO: Paris, France, 2005;
Available online: http://portal.unesco.org/education/en/file_download.php/e13265d9b948898339314b001d91f
dO1draftFinal+IIS.pdf (accessed on 31 July 2019).

Berglund, T.; Gericke, N.; Chang Rundgren, S.-N. The implementation of education for sustainable
development in Sweden: Investigating the sustainability consciousness among upper secondary students.
Res. Sci. Technol. Educ. 2014, 32, 318-339. [CrossRef]

Skamp, K.; Mueller, A. Student teachers’ conceptions about effective primary science teaching: A longitudinal
study. Int. J. Sci. Educ. 2001, 23, 331-351. [CrossRef]

Gouveia, V.; Valadares, J. Concept maps and the didactic role of assessment. In Proceedings of the Concept
Maps and the Didactic role of Assessment; Cafias, A.J., Novak, ].D., Gonzélez Garcia, FM., Eds.; Direcciéon de
Publicaciones de la Universidad Publica de Navarra: Pamplona, Spain, 2004; pp. 303-310.

Reid, A.; Petocz, P,; Taylor, P. Business Students” Conceptions of Sustainability. Sustainability 2009, 1, 662-673.
[CrossRef]

Kirby, S. Implementing the Principles of Responsible Management Education: Examining understandings of
economic, social, and environmental sustainability. . Strateg. Manag. Educ. 2012, 8, 77-92.

Zeegers, Y.; Clark, LE. Students’ perceptions of education for sustainable development. Int. J. Sustain. High.
Educ. 2014, 15, 242-253. [CrossRef]

Clark, L.LF.;; Zeegers, Y. Challenging students’ perceptions of sustainability using an Earth Systems Science
approach. J. Geogr. High. Educ. 2015, 39, 260-274. [CrossRef]

Segalas, ].; Ferrer-Balas, D.; Mulder, K.F. What do engineering students learn in sustainability courses?
The effect of the pedagogical approach. J. Clean. Prod. 2010, 18, 275-284. [CrossRef]

Nicolaou, I.; Conlon, E. What do final year engineering students know about sustainable development?
Eur. J. Eng. Educ. 2012, 37, 267-277. [CrossRef]

Haase, S. An Engineering Dilemma: Sustainability in the Eyes of Future Technology Professionals. Sci. Eng.
Ethics 2013, 19, 893-911. [CrossRef]

Kilinc, A.; Aydin, A. Turkish Student Science Teachers’ Conceptions of Sustainable Development:
A phenomenography. Int. J. Sci. Educ. 2013, 35, 731-752. [CrossRef]

Burmeister, M.; Eilks, I. An understanding of sustainability and education for sustainable development
among German student teachers and trainee teachers of chemistry. Sci. Educ. Int. 2013, 24, 167-194.
Birdsall, S. Measuring student teachers” understandings and self-awareness of sustainability. Environ. Educ.
Res. 2014, 20, 814-835. [CrossRef]

Camargo, B.A.; Gretzel, U. What do tourism students know about sustainability and sustainable tourism?
An exploratory study of Latin American students. |. Teach. Travel Tour. 2017, 1-17. [CrossRef]

Fisher, P.B.; McAdams, E. Gaps in sustainability education: The impact of higher education coursework on
perceptions of sustainability. Int. J. Sustain. High. Educ. 2015, 16, 407—423. [CrossRef]

Elliott, H.; Wright, T. Canadian Student Leaders” Conceptualizations of Sustainability and Sustainable
Universities. J. Educ. Sustain. Dev. 2018, 12, 103-119. [CrossRef]


https://www.oecd-ilibrary.org/social-issues-migration-health/world-social-science-report-2013/between-social-and-planetary-boundaries-navigating-pathways-in-the-safe-and-just-space-for-humanity_9789264203419-10-en
https://www.oecd-ilibrary.org/social-issues-migration-health/world-social-science-report-2013/between-social-and-planetary-boundaries-navigating-pathways-in-the-safe-and-just-space-for-humanity_9789264203419-10-en
https://www.oecd-ilibrary.org/social-issues-migration-health/world-social-science-report-2013/between-social-and-planetary-boundaries-navigating-pathways-in-the-safe-and-just-space-for-humanity_9789264203419-10-en
http://dx.doi.org/10.1016/j.jclepro.2006.11.004
http://dx.doi.org/10.1016/j.ecolecon.2003.10.017
https://oekologisches-wirtschaften.de/index.php/oew/article/viewFile/1092/1090
http://portal.unesco.org/education/ en/file_download.php/e13265d9b948898339314b001d91fd01dr aftFinal+IIS.pdf
http://portal.unesco.org/education/ en/file_download.php/e13265d9b948898339314b001d91fd01dr aftFinal+IIS.pdf
http://dx.doi.org/10.1080/02635143.2014.944493
http://dx.doi.org/10.1080/09500690119248
http://dx.doi.org/10.3390/su1030662
http://dx.doi.org/10.1108/IJSHE-09-2012-0079
http://dx.doi.org/10.1080/03098265.2015.1010142
http://dx.doi.org/10.1016/j.jclepro.2009.09.012
http://dx.doi.org/10.1080/03043797.2012.681863
http://dx.doi.org/10.1007/s11948-012-9417-0
http://dx.doi.org/10.1080/09500693.2011.574822
http://dx.doi.org/10.1080/13504622.2013.833594
http://dx.doi.org/10.1080/15313220.2017.1294038
http://dx.doi.org/10.1108/IJSHE-08-2013-0106
http://dx.doi.org/10.1177/0973408218792125

Sustainability 2019, 11, 5155 22 of 22

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

Carew, A.L.; Mitchell, C.A. Characterizing undergraduate engineering students’ understanding of
sustainability. Eur. J. Eng. Educ. 2002, 27, 349-361. [CrossRef]

DeVellis, R.F. Scale Development: Theory and Applications. Applied Social Research Methods Series, 3rd ed.; SAGE
Publications, Inc.: Thousand Oaks, CA, USA, 2012.

Menold, N.; Bogner, K. Design of Rating Scales in Questionnaires; GESIS Survey Guidelines, Leibniz Institute
for the Social Sciences: Mannheim, Germany, 2016; pp. 1-13. Available online: http://www.gesis.org/gesis-su
rvey-guidelines/instruments/fragebogenkonstruktion/ratingskalen/ (accessed on 31 July 2019).

Yong, A.G.; Pearce, S. A Beginner’s Guide to Factor Analysis: Focusing on Exploratory Factor Analysis.
Tutor. Quant. Methods Psychol. 2013, 9, 79-94. [CrossRef]

Helms, J.E.; Henze, K.T.; Sass, T.L.; Mifsud, V.A. Treating Cronbach’s Alpha Reliability Coefficients as Data
in Counseling Research. Couns. Psychol. 2006, 34, 630-660. [CrossRef]

Piedmont, R.L.; Hyland, M.E. Inter-Item Correlation Frequency Distribution Analysis: A Method for
Evaluating Scale Dimensionality. Educ. Psychol. Meas. 1993, 53, 369-378. [CrossRef]

Stuckey, M.; Hofstein, A.; Mamlok-Naaman, R.; Eilks, I. The meaning of ‘relevance” in science education and
its implications for the science curriculum. Stud. Sci. Educ. 2013, 49, 1-34. [CrossRef]

Steyerberg, E.W.; Harrell, FE.; Borsboom, G.J.].M.; Eijkemans, M.].C.; Vergouwe, Y.; Habbema, J.D.F. Internal
validation of predictive models. |. Clin. Epidemiol. 2001, 54, 774-781. [CrossRef]

Menard, S. Coefficients of Determination for Multiple Logistic Regression Analysis. Am. Stat. 2000, 54, 17-24.
[CrossRef]

Little, RJ.A. A Test of Missing Completely at Random for Multivariate Data with Missing Values. J. Am. Stat.
Assoc. 1988, 83, 1198-1202. [CrossRef]

Field, A. Discovering Statistics Using IBM SPSS Statistics, 5th ed.; SAGE Publications, Inc.: Thousand Oaks,
CA, USA, 2017.

Watson, M.K.; Lozano, R.; Noyes, C.; Rodgers, M. Assessing curricula contribution to sustainability more
holistically: Experiences from the integration of curricula assessment and students” perceptions at the
Georgia Institute of Technology. J. Clean. Prod. 2013, 61, 106-116. [CrossRef]

Manni, A.; Sporre, K.; Ottander, C. Emotions and values — a case study of meaning-making in ESE. Environ.
Educ. Res. 2017, 23, 451-464. [CrossRef]

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

Steg, L. Values, Norms, and Intrinsic Motivation to Act Pro-Environmentally. Annu. Rev. Environ. Resour.
2016, 41, 277-292. [CrossRef]

Michelsen, G.; Grunenberg, H.; Mader, C.; Barth, M. Nachhaltigkeit bewegt die jiingere Generation: Ergebnisse
der bundesweiten Reprisentativbefragung und einer qualitativen Explorativstudie, Mai-Juli, 2015 [Sustainability
Moves the Younger Generation: Results of the Nationwide Representative Survey and a Qualitative Exploration Study,
May-July 2015]; Greenpeace Nachhaltigkeitsbarometer; VAS: Bad Homburg, Germany, 2015.

Berglund, T.; Gericke, N. Separated and integrated perspectives on environmental, economic, and social
dimensions—An investigation of student views on sustainable development. Environ. Educ. Res. 2016, 22,
1115-1138. [CrossRef]

Fischer, D.; Haucke, F,; Sundermann, A. What Does the Media Mean by Sustainability or Sustainable
Development? An Empirical Analysis of Sustainability Terminology in German Newspapers Over Two
Decades. Sustain. Dev. 2017, 25, 610-624. [CrossRef]

Desautel, D. Becoming a thinking thinker: Metacognition, self-reflection, and classroom practice. Teach. Coll.
Rec. 2009, 111, 1997-2020.

Frank, P; Sundermann, A.; Fischer, D. How mindfulness training cultivates introspection and competence
development for sustainable consumption. Int. ]. Sustain. High. Educ. 2019. [CrossRef]

@ © 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1080/03043790210166657
http://www.gesis.org/gesis-survey-guidelines/instruments/fragebogenkonstruktion/ratingskalen/
http://www.gesis.org/gesis-survey-guidelines/instruments/fragebogenkonstruktion/ratingskalen/
http://dx.doi.org/10.20982/tqmp.09.2.p079
http://dx.doi.org/10.1177/0011000006288308
http://dx.doi.org/10.1177/0013164493053002006
http://dx.doi.org/10.1080/03057267.2013.802463
http://dx.doi.org/10.1016/S0895-4356(01)00341-9
http://dx.doi.org/10.2307/2685605
http://dx.doi.org/10.1080/01621459.1988.10478722
http://dx.doi.org/10.1016/j.jclepro.2013.09.010
http://dx.doi.org/10.1080/13504622.2016.1175549
http://dx.doi.org/10.1002/ijop.12034
http://dx.doi.org/10.1146/annurev-environ-110615-085947
http://dx.doi.org/10.1080/13504622.2015.1063589
http://dx.doi.org/10.1002/sd.1681
http://dx.doi.org/10.1108/IJSHE-12-2018-0239
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Theoretical Background 
	Research on Perceived Professional Relevance (PPR) 
	Research on Sustainability Conceptions 

	Materials and Methods 
	Measures 
	Independent Measures 
	Dependent Measures 

	Data Collection and Data Analysis 
	Sample 

	Results 
	Descriptive Statistics for Independent Variables 
	Descriptive Statistics for Dependent Variables 
	The Role of Individual Characteristics for PPRs 
	Results for PPRCURRENT 
	Results for PPRFUTURE 

	Discussion 
	Findings 
	Limitations 
	Implications for Future HESD Research and Theory-Building 
	Practical Implications for Teaching Approaches in HESD 

	Conclusions 
	References

