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A B S T R A C T

In this study a comprehensive approach to learning outcomes of sustainability in higher education is

suggested, based on literature review, and data gathered from 13 undergraduate courses offered in a

science and engineering university. All the courses integrated environmental topics. Data of self-

reported students’ outcomes were collected at the end of each course through open-ended questions,

and were analyzed to identify learning outcomes that promote sustainability. We found that although

most courses equipped the students with theoretical knowledge about the environment, they differed a

lot in the overall number and the variety of reported learning outcomes. The suggested theoretical

framework, and findings of this study can inform design of future courses and programs that aim to

promote sustainability literate students.

� 2013 Elsevier Ltd. All rights reserved.

Contents lists available at ScienceDirect

Studies in Educational Evaluation

jo ur n al ho mep ag e: www .e lsev ier . c om / s t u ed u c
Introduction

There is general agreement, nowadays among researchers and
policy makers that a tremendous effect on the natural environment
and on eco-systems is wrought through individual, corporate and
national activity (e.g. Ashford, 2004; Intergovernmental Panel on
Climate Change, 2007; Orr, 1995; Swim et al., 2011) Education is
considered to have an important role in promoting sustainable
ways of life (UNESCO, 1992).

Education for sustainability (EfS) is defined as education that
aims to prepare people to cope with and find solutions to problems
that threaten the sustainability of the planet (UNESCO, 2007). EfS
aims to promote not only learners’ knowledge and understanding
of environmental and social issues but also to affect their attitudes,
promote competencies that are needed to shape a sustainable
future, and empower them to change their behavior and take
action for sustainable development (UNESCO, n.d.). EfS aims to
build an adaptable workforce with higher-order thinking skills and
a civil capacity for community-based decision-making, social
tolerance, and environmental stewardship to enhance the quality
of life (UNESCO, 2007).

Several international conferences have promoted this educa-
tional initiative. Prior to the Rio summit in 1992 these initiatives
Abbreviations: EfS, education for sustainability; SLO, learning outcomes that

promote sustainability.
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were addressed as environmental education and the main focus
was conservation. Since then the focus has shifted to cover social
issues and the mutual relationship between environmental,
economic, and social processes. Scholarly literature is divided
about the ‘‘correct’’ terminology and the extent to which this
terminology actually reflects different foci. Currently the terms
being used to describe educational initiatives regarding the
relationship between humans and the environment include
environmental education (EE), education for sustainable devel-
opment (ESD), environmental education for sustainability and
education for sustainability (EfS). Our opinion which is
supported by other scholars (Sauvé, 2005; Stevenson, 2006) is
the main problems, from a practical point of view are in the
implementation of all the above rather than with definition.
Herby we use the term EfS, which is vastly used in Israel, where
this study took place.

Unlike EfS in K-12 education, that continues and further
develops environmental education, EfS in higher education (HE)
has only recently emerged as a field. Most of the initiatives
occurred in the last two decades, following the Rio earth summit in
1992, and Agenda 21 (Beringer Adomßent, & Scott, 2008; Beringer
& Adomßent, 2008). HE institutions are regarded as essential in
promoting sustainable development since today’s students are
tomorrow’s professionals, decision makers and consumers (Cor-
tese, 2003; Orr, 1995; Rowe, 2002). Sustainable development is
considered as one of the most crucial and important challenges for
humanity in the 21st century, and therefore EfS is relevant not only
to students who major in environmental studies but to all students
in HE institutes.
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Designing any educational program should include identifying
desirable learning outcomes and planning educational activities
that will promote them. It is often recognized that the discussion of
learning outcomes improves the learning processes as well, and it
is advocated that student assessment should indicate whether
these outcomes are achieved (Svanström, Lozano-Garcia, & Rowe,
2008). The aims of this study were twofold: (a) to develop a
theoretical and practical framework for assessing learning out-
comes that promote sustainability (SLO); and (b) to use the
framework in higher education courses to address the following
research questions:

1. What are the reported SLO of the students and the patterns of
SLO?

2. Is there a difference between the patterns of SLO in the various
courses?

The idea of sustainability is rather new in higher education, and
in the institution we studied we could not identify many courses
that explicitly taught about sustainability. Consequently, we
studied courses that according to their instructors ‘‘dealt with
environmental issues’’. We were interested in the extent to which
these courses have enhanced knowledge, skills and affective
attributes that are required in order to promote sustainability.

Many theoretical discussions deal with how EfS in HE should be
designed, and many examples of specific EfS courses and
programs exist worldwide, yet, findings of large scale studies in
higher education revealed that the formal course work did not
have an impact on most students’ knowledge and attitudes
regarding environmental and sustainability issues (Azapagic,
Perdan, & Shallcross, 2005; Kagawa, 2007; Yavetz, Goldman, &
Pe’er, 2009). Therefore, it has been suggested that environmental
issues and ideas about sustainability should be integrated into a
larger number of courses. To the best of our knowledge, the
questions of whether a course that conveys environmental
concepts actually deals with broader environmental issues and
with the idea of sustainability is not yet studied. Moreover, there
is not enough attention to what makes a course that integrates
environmental issues and ideas a significant learning experience
in term of SLO.

Defining the learning outcomes of EfS in higher education

It is often claimed that there is no single framework,
conceptualization, and understanding of sustainability (Kagawa,
2007), and therefore, scholars conceptualize EfS learning objec-
tives differently. This should be considered when developing an
assessment scheme for EfS; however, we believe that some basic
principles should be addressed while looking at EfS programs in
HE. The question on hand is what should be those principles. In the
following section we describe various learning outcomes, focusing
on two main aspects: types of psycho-social outcomes (knowledge,
affect, and skills), and spheres of life (private, civic and profession-
al). We suggest that any attempt to design EfS in HE should address
these two aspects.

Multiple psycho-social learning outcomes

Since the first international conferences on environmental
education, UNESCO’s publications have pointed to the need for
multidimensional learning outcomes, and addressed the need for
enhancing student knowledge, attitudes, and skills that are
essential for the promotion of sustainable ways of life (UNESCO,
1977, 1992, n.d.). The acknowledgment of learning goals that
address knowledge, affect and skills is apparent as well in the
literature on EfS in HE in the last decade (Segalàs, Ferrer-Balas,
Svanström, Lundqvist, & Mulder, 2009; Sipos, Battisti, & Grimm,
2008; Svanström et al., 2008). Following this view, scholars in the
field suggest that educational programs in HE should be designed
in a way that addresses all domains of learning rather than
focusing on knowledge acquisition (Segalàs et al., 2009; Sipos et al.,
2008). Sipos et al. suggest that the integration of all three domains
will promote the development of a fourth domain – behavior,
which they point to as the ultimate goal of transformative learning.
This idea is in line with UNESCO’s definition of EfS as an education
that empowers learners to change their behavior and take action
for sustainable development. It is also in line with research in the
field of environmental psychology about the factors that shape
pro-environmental behavior. The term pro-environmental behav-
ior is a general expression that includes several different behaviors,
such as private sphere behavior (recycling, consumerism), and
public sphere environmental activism (Stern, 2000). The direct
antecede of behavior is behavior intention (Bamberg & Möser,
2007). Education and psycho-social factors might shape the
intentions, but the link between intentions and actions depends
on many other situational factors and barriers, such as financial
considerations and governmental incentives (Bamberg & Möser,
2007; Kollmuss & Agyerman, 2002). A major and important
recurring research finding is that knowledge on environmental
issues is important but is not enough to develop pro-environmen-
tal behavior (Hungerford & Volk, 1990; Kollmuss & Agyerman,
2002). Affective variables and perceived skills were found to have
significant connections to the development of intentions to act
pro-environmentally. These findings influenced the development
of theoretical models that view intention to act in pro-environ-
mental ways as a product of three kinds of antecedes: cognitive,
affective, and actual or perceived skills (Bamberg & Möser, 2007;
Hungerford & Volk, 1990; Kollmuss & Agyerman, 2002).

It is worth noting that while sustainable development deals
with the relationships between environmental, social and eco-
nomic processes, the literature focuses more on the environmental
aspects of sustainability than on the others. We assume this is
because the environment in general and environmental education
in particular are longer established than the newer idea of
sustainability in general and sustainability literacy or education for
sustainability in particular. Sustainability literacy requires the
integration of skills, attitudes, competencies, dispositions and
values that are necessary for the promotion of a sustainable world
(Stibbe & Luna, 2012). This complexity is in line with the above
mentioned ideas regarding the multidimensionality nature of LO in
EfS. According to Stibbe and Luna, as people become sustainability
literate, they are empowered to read society critically, discover
insights into unsustainable trajectories, and get involved in the re-
writing of self and society along more sustainable lines (Stibbe &
Luna, 2012, p. 11).

Specific psycho-social learning outcomes. Besides the need for
integrating different domains of learning, there are several specific
outcomes that were identified as important when educating for
sustainability in HE.
Knowledge of sustainability issues. By definition, EfS deals with the
well-being of all three realms of sustainability – environment,
society, and economy (UNESCO, 2007). Several topics are consid-
ered as central in EfS programs; teaching about biodiversity and
climate change for example are such topics. Yet, while some
undergraduate courses aim to present a more holistic perspective
of sustainability and cover many topics, others teach a specific
topic in depth. Therefore when one wishes to assess knowledge no
fixed set of items could be sufficient.
Skills. Promoting sustainable development is a challenging task,
which demands various competencies such as having the ability to
deal with ill-defined problems, and with conflicting interests of
different stakeholders. To cope with such challenges future
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professionals and decision makers need to have a variety of skills.
Some professional organizations have already addressed this
challenge and define these professional competencies as required
learning outcomes. For example, the Accreditation Board for
Engineering and Technology (ABET) listed learning outcomes such
as: ‘‘an ability to design a system, component or process to meet
desirable needs within realistic constraints such as economic,
environmental, social, political, ethical, health, and safety,
manufacturability, and sustainability’’, ‘‘an understanding of
professional and ethical responsibility’’, and ‘‘knowledge of
contemporary issues’’ (ABET, 2012). Two main groups of skills
that are often described in the literature are: higher order thinking
skills (e.g. critical thinking, problem solving, system thinking), and
interpersonal skills (e.g. competence in interdisciplinary work)
(Barth, Godmann, Rieckmann & Stoltenberg, 2007; Svanström
et al., 2008; Wals & Jickling, 2002).

Barth et al. (2007) suggest that the skills needed to be learned
could be divided into two types: key skills (competencies) that are
relevant across different spheres of life, and domain-specific skills
(competencies), which are necessary for successful action in
certain situations and contexts.
Affective learning outcomes. Several specific psycho-social vari-
ables are described either as part of theoretical models that explain
pro-environmental behavior, and as desirable learning outcomes
of EfS. The concepts that yield the highest attention in the affective
domain are awareness and attitudes. Following Krathwohl, Bloom,
and Masia (1964) we define awareness as being conscious of
environmental and social issues, being sensitive to their existence,
and willing to attend to them. Attitudes are conceptualized as a
person’s evaluative judgments about a particular entity that are
typically expressed in degrees of favorability (Shultz, Shriver,
Tabanico, & Khazian, 2004). Norms are another psycho-social
attribute. Moral norms were conceptualized by Schwartz as feeling
strong moral obligations to engage in pro-social behavior
(Schwartz, 1977). Two other psycho-social attributes are emotion-
al connections to nature and identification with nature, which are
argued to have a potential in explaining pro-environmental
behavior (Hinds & Sparks, 2008; Mayer & McPherson Frantz,
2004; Shultz et al., 2004). Apparently, awareness, attitudes, norms
and affiliation with nature get attention in environmental
education and in EfS mainly in K-12 education. They are rarely
discussed in the HE literature, perhaps because affect is considered
irrelevant at the HE level. Several researchers refer to the
importance of defining affective learning outcomes not only in
terms of awareness and attitudes, but also by more behavior-
oriented variables, namely commitment and motivation to
promote sustainability (Kastenhofer et al., 2010; Sipos et al.,
2008). Accordingly, the transformation of attitudes into real
behaviors is an important goal of EfS in HE, and can be established
only if the learning process integrates the three domains of
learning: knowledge acquisition, skills and affective learning; this
is in line with the above mentioned theoretical models that are
concerned with the development of pro-environmental behavior.

Doing an educational research, we believe that the concept of
behavior-intentions is too narrow and might be limited to specific
behaviors, while a student could have a more general will to
promote sustainability that is not expressed by a specific behavior.
Consequently, hereafter we use the term ‘‘motivation’’ rather than
‘‘behavior intention’’.

Not all scholars agree about whether it is appropriate to
consider affective outcomes as desirable learning outcomes of EfS
in HE, and on the nature of desirable affective outcomes. Winter
and Cotton (2012) argue that encouraging students to adopt
sustainability values and promoting ‘‘transformational action’’ can
be problematic in the context of the liberal educational ideals of
HE. Shephard (2008), for example, suggests that to avoid being
criticized for indoctrination by promoting affective objectives,
educators should regard the affective domain as private and
therefore avoid dealing with it. Fine (1997), on the other hand,
argues that there is no such thing as value-free teaching, and that
every curriculum involves value judgments. This disagreement
among scholars is reflected in research as well. In comparing the
desired outcomes of teaching sustainability in three technical
European universities, Segalàs et al. (2009) found that while there
was reasonable agreement on the cognitive aspects of learning,
there was much less congruence with regard to the affective
domain. The staff of all three universities agreed on its importance,
but defined it differently, and the only consensus was that students
should achieve a certain level of concern or awareness of risks.

Since opinions about this issue are varied, there is no one route
to thinking about sustainability. Every department or institution
can discuss what the EfS outcomes should be.

Hierarchy of SLO. Bloom’s (1956) taxonomy of cognitive educa-
tional objectives is a well-known framework for classifying
learning outcomes that is being widely used for the designing of
curriculum, teaching and assessments. In the context of SLO we
suggest that knowledge acquisition is comparable to the first two
learning levels defined by Bloom; which are knowledge and
comprehension. Acquiring practical and applied skills can be
associated with the application level, and the higher order skills
with analysis, synthesis, and evaluation.

Knowledge and understanding could be further classified into
different levels of learning. Many discussions in the educational
literature addressed and challenged these classifications, but most
have distinguished between surface knowledge and deeper
understanding (e.g. Chin & Brown, 2000; Zohar & Nemet, 2002).

In addition to the cognitive taxonomy Krathwohl et al. (1964)
have published taxonomy for the affective domain. This taxonomy
can provide better understanding of the relationships between and
the hierarchy of the affective outcomes. Five levels of learning were
suggested: receiving, responding, valuing, organization, and
characterization by a value complex. The first level – receiving –
could be most appropriate to describing awareness in the field of
EfS. It is conceptualized as being conscious of something, being
sensitive to the existence of certain phenomena, and willing to
attend to them. Although only the first of these three sub-
categories is defined by Krathwohl et al. as awareness, in line with
their description we believe that the entire level of receiving is
suitable for what is frequently described as awareness in the
literature of EfS. The taxonomy can also clarify the ambiguity that
sometimes exists in the literature regarding the difference
between knowledge and awareness:

Though it is the bottom rung of the affective domain, awareness
is almost a cognitive behavior. But unlike knowledge, the lowest
level of the cognitive domain, we are not so much concerned
with a memory of, or ability to recall, an item or a fact as we are
that, given appropriate opportunity, the learner will merely be
conscious of something-that he take into account a situation,
phenomenon, object, or state of affairs. (Krathwohl et al., p. 99)

The third level in the taxonomy – valuing – refers to a situation
in which a thing, phenomenon or behavior has worth. Krathwohl
et al. suggest that this level is most appropriate for what is often
being termed as ‘‘attitudes’’, yet, they further describe the third and
higher sub-category in this level as commitment, which they
describe as ‘‘Loyalty to a position, group, or cause. . .a real motivation

to act out the behavior’’ (p. 149) and ‘‘willingness to act’’ (p. 151).
Krathwohl et al’s fourth and fifth affective levels – organization

and characterization by a value complex – further describe the
learner’s commitment development into an organized and stable
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value system, that affects all the individual’s decisions and
behaviors. In the fourth level, learners organize their value system
and in the fifth they act consistently in accordance with the values
they have internalized. These levels of commitment could be
conceptualized as desirable outcomes of the learning process as
proposed by few scholars (e.g. Segalàs et al., 2009; Shephard,
2008), yet, according to Krathwohl et al., assessing them requires a
consistent articulation of the behaviors that connect to these
values over a period of time. Since the assessment of learning
outcomes is usually conducted through the administration of a
single questionnaire, and since the newly established values might
not immediately be translated into behavior, we suggest limiting
the assessment of affective outcomes to only the first three levels
in Krathwohl et al’s taxonomy.

Associating the affective SLOs of awareness, attitudes, and
motivation to promote sustainability with Krathwohl et al’s
affective taxonomy led us to the conclusion that these three
learning outcomes can be conceptualized as having a hierarchical
sequence in which awareness is the lower SLO, followed by
attitudes, which is followed by motivation. This argument is also
based in the body of research that describes the motivation to
perform pro-environmental behaviors as a consequence of the
integration of awareness, attitudes, and one’s perceived skills
(Hungerford & Volk, 1990; Kollmuss & Agyerman, 2002).

Roth’s (1992) conception of environmental literacy, as the
capacity to perceive and interpret the relative health of environ-
mental systems and take appropriate action to maintain, restore, or
improve the health of those systems is hierarchical as well,
expresses a continuum of three stages, each comprised of a
combination of learning outcomes from different learning
domains. Yet, Roth argues for a fixed structure of learning in each
stage, which we believe is narrowing the many patterns of psycho-
social attributes that people could hold.

Following Bloom’s cognitive taxonomy and Krathwohl et al’s
affective taxonomy we suggest that when assessing the learning
outcomes of EfS programs, it is important to consider not only
whether there was representation of different domains of learning,
but also whether the learning was of lower or higher order.

Three spheres of life and sustainability learning in HE

Most of the theoretical literature in EfS focuses on the
development of civic abilities and the promotion of environmen-
tally responsible household behaviors. Yet, university curricula
focus mainly on professional issues. Regarding SLO attention
should be given to the question of whether the different spheres of
life – private, civic, and professional – are identical in terms of
norms, attitudes and behaviors and whether one process of
individual development would enhance sustainability in the
others. To the best of our knowledge this issue does not get
Types of psycho-social outcomes
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Fig. 1. Summary of the proposed framework of le
theoretical attention and we did not find research that addresses
the issue. Yet some insights can be drawn from theoretical
considerations in the field of environmental psychology. In his
theory of environmentally significant behavior, Stern distinguishes
between four different behaviors: environmental activism, non-
activist behavior in the public sphere, private-sphere environ-
mentalism, and what he phrased as ‘‘other environmentally
significant’’, which includes actions in organizations and the work
place. He claimed that the determinants of individual behavior
within organizations are likely to be different from those of
political or household (Stern, 2000). The concept of norms could
also play a role in hypothesizing the potential contribution of HE
learning experiences to the development of motivation to promote
sustainability, especially in the professional sphere of life: HE is the
first step in entering the professional track and life career; HE
provides the students with not only knowledge and skills that are
relevant to their future profession, but also contributes to
developing their professional identity through professional social-
ization; therefore, the ways professors address (or ignore)
sustainability issues can serve in the development of personal
professional norms about how sustainability issues should be
handled.

Putting it all together: framework for learning outcomes that promote

sustainability

Integrating all the aforementioned aspects of learning out-
comes makes a framework for assessing SLO pattern of a program.
The word pattern here suggests that different groupings of SLO
could exist in different learning activities: some focus more on the
professional sphere, others on the civic sphere; some promote
mainly knowledge acquisition while others expect affective
development. Fig. 1 summarizes the framework we suggest that
integrates the two dimensions of learning outcomes: the psycho-
social, and the spheres of life.

Naturally, because of the richness and the variety of activities
that could integrate sustainability issues, it is probably impossible
for a single course or even a single program to promote all the
aforementioned. Additionally, because of the variety of teaching
methods and of perspectives on the nature of the concept of
sustainable development it is reasonable to expect to find
variability in the learning patterns of different educational
programs. The point we wish to make is that even when a
program addresses only some SLOs, attention should be given to
the richness of possible SLOs, and a decision should be made
regarding the expectations. Any assessment of courses that deal
with sustainability in HE can use the framework we suggest and
the SLO patterns we identify in order to identify the learning
outcomes of a specific program or course and their pattern.
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Previous research on learning outcomes in the field of EfS

Many studies focused on EfS in higher education, yet as far as
we know, no research was done on learning outcomes in a
comprehensive way that reflects all four aspects: different
domains of learning, different outcomes within these domains,
hierarchy of learning outcomes, and different spheres of life.
Furthermore, most of the studies that followed students’ learning
and LO in EfS in HE are case studies that focus on specific courses
(e.g. Ben-Zvi-Assaraf & Ayal, 2010; Bielefeldt, 2011; Dvorak,
Stewart, Hosni, Hawakey, & Nelsen, 2010; Tal, 2005). The studies
exemplify how sustainability issues can be integrated into
undergraduate courses and how using certain educational
practices can promote learning outcomes such as knowledge,
awareness of environmental issues, and professional skills;
however, since these cases describe only specific examples, they
are not inclusive and cannot teach us about SLO beyond the scope
of a specific course. Several large scale studies found that students
hold positive attitudes toward the environment and toward
sustainable development, but their knowledge of these issues is
insufficient when compared with the expectations for future
professionals (Azapagic et al., 2005; Kagawa, 2007; Yavetz et al.,
2009). Other findings show that students do not apply their
theoretical knowledge in practice (Azapagic et al., 2005), that there
are gaps between environmental knowledge and economic and
social knowledge (Kagawa, 2007), and that from the students’
standpoint, in general, they associate only limited contribution of
their studies to their environmental behavior, attitudes or
knowledge (Yavetz et al., 2009). As much as these findings are
disturbing, it is important to note that they are obtained from large
samples and entire cohorts regardless of enrollment in courses that
focus on sustainability or on the environment, or integrated them
in any way. This study intentionally focuses on courses that taught
about the environment. This will enable us to learn if mere
integration of environmental content is sufficient for promoting
the development of SLO.

Method

Research setting

Since one of the main objectives of EfS in HE is to equip all

students with the knowledge, skills, and affective attributes that
are required to promote sustainability, we believe that research
should not be limited to specific courses that are especially
designed to focus on EfS. Rather, it should include other courses as
Table 1
The courses that were followed in the study.

Department Main topics 

1 Civic and Environmental Engineering Air pollution 

2 Ecological systems 

3 Architecture and Urban Planning Urban sustainable pl

4 Energy saving in arch

5 Systemic considerati

6 International School of Engineering Planning for develop

7 Civic and Environmental Engineering Learning on Environm

8 Biology Fauna and flora of Is

9 Aerospace Engineering Air turbine design 

10 Science Education Environmental scienc

11 Industrial Engineering Environmental econo

12 Food and Biotechnology Engineering Environmental consid

13 Science Education Introduction to envir

aThe course was composed of lectures on various topics. Every week a guest lecturer a
b A summer semester four-week course. Total hours were equal to 3 weekly hours.
c The course was based on field trips of eight hours every other week.
well; courses that integrate environmental and social issues and
such that are elective as well as mandatory. Gaining a better
understanding of the way such courses promote SLO will
encourage higher education institutions to integrate sustainability
into the curriculum more broadly, rather than offering a specific
course that focuses on EfS.

The study was conducted in a science and engineering
university in Israel. In this university, there is no strategic plan
for integrating sustainability issues into the curriculum, and the
concept of sustainable development is not commonly used by
faculty. Yet, many courses which deal with the environment or
with environmental concepts and issues fit with the research
objective. Altogether, we studied 13 undergraduate courses. All the
courses integrated environmental, engineering and science con-
tents. Some integrated economics issues, few integrated also
equity issues, and some integrated all the three pillars of
sustainable development – environment, social equity, and
economic. The courses dealt with concepts, ideas, and environ-
mental technologies, but did not necessarily deal with the ‘‘big
issues’’ that the international community is concerned about (e.g.
biodiversity loss, global warming, social justice, reducing poverty,
etc.). From the 13 courses, nine were identified from previous
knowledge of the course or the instructors and four were recruited
as a result of a survey we administered to all the faculty of the
institution, in which we asked for information about courses that
deal with the environment.

Since we were interested in understanding the potential impact
of different learning environments and disciplines, the courses
represented eight departments, as specified in Table 1 that
presents the course characteristics. Ten were elective courses,
one (course 4) was an obligatory course, and three were obligatory
for some students but elective for others (courses 1, 8, 10). Besides
one large enrollment elective course that was open for all students
in the institution (course 7), and one summer course (course 6), all
the others were associated with specific programs and were small
to medium in size.

Data collection

Data were collected for this study from student responses to an
open-ended questionnaire that asked the students to reflect upon
their experiences in the course (see Appendix). The questions
asked the students to indicate the way the specific course they
enrolled in contributed to their own SLO. The reasons for looking at
self-reported outcomes were as follows: overall, we assessed 13
different courses and aimed to understand all the learning
Weekly hours Respondents

3 34

4 34

anning 3 26

itectural design 3 26

ons in architecture 2 24

ing communities 3b 25

ental issues 2 87

rael 3c 19

2 20

es in the high school 4 15

my 3 26

erations in food engineering 2 17

onmental education 2 16

ddressed one topic of her/his expertise.
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outcomes of each. As already indicated, there are at least
15 different theoretical constructs that we considered in
identifying all the possible SLO. In addition, the instructors of
the courses were kind enough to let us interrupt their class for no
more than fifteen minutes. In light of these constraints we used
three open-ended post-course retrospective questions that could,
in a short response time, address all the potential learning
outcomes. Open-ended questions as a way to assess multiple
learning outcomes were already used successfully in a previous
study that one of us did, and provided rich information about
learning outcomes (Bamberger & Tal, 2008). Self-reported retro-
spective post-tests are sometimes assumed to suffer from an
upward bias (Douglass, Thomson, & Zhao, 2012). Yet, several
arguments can be drawn regarding the validity of their use in this
study: (a) the focus of this research was on comparing SLO of
different courses; since we used the same question for all, any
possible willfulness bias would be the same in all the courses, and
therefore would not affect our ability to draw conclusions about
differences among them; (b) the affective variables are by nature
subjective, and therefore ought to be assessed through self-
reporting; (c) the topics taught in each course were different, and
as in the case of other surveys of learning outcomes, the use of
standardized knowledge and skills items would fail to recognize
the diversity, breadth, and depth of discipline-specific knowledge
(Duglas et al., 2012); (d) Duglas et al. (2012) argue that self-
reported post-test retrospective allows capturing accurately how
different student populations characterize their own learning
gains.

Altogether 676 students from 13 departments enrolled in the
courses we studied (see Table 1). The number of respondents to the
questionnaire that were administered during last class was 369 who
made 75% of the students who attended class. Other than course 2,
which was an advanced course in environmental engineering and
comprised of students who already enrolled in at least three other
environmental courses, in all other courses it was the students’ first
course that focused on environmental topics.

Data analysis

Data were analyzed in three phases of coding, and integrated
principles of grounded theory (Charmaz, 2006; Straus & Corbin,
1990) and theoretical categories (Maxwell, 2005). The first phase
was open coding of student responses to the open-ended
questionnaire administered in six of the courses. As Straus and
Corbin recommend regarding open coding, we looked for evidence
of learning outcomes in the students’ responses, with no a-priory
definitions of specific categories of SLO. The coding at this phase
has yielded 11 categories of learning outcomes that were then
confirmed by a second phase of identifying theoretical categories
from the research literature (Maxwell, 2005). The theoretical
framework we suggest is based on this process that allowed us to
provide clear definition for each category. In the third phase we
continued with focused coding (Charmaz, 2006); we used the
earlier established codes in order to analyze large bulk of data
gathered from all 13 courses.

According to Krippendorff (2004) in order for the research
results to satisfy scientific standards and be replicable one needs to
formulate clear instructions for future researchers. Krippendorff
suggests that before these instructions are applied by several
coders and to a large body of text, the researcher needs to pretest
them on a small sample of texts and then modify them until they
reach a reasonable reliability (p. 351). Thus, a group of experts in
science education and EfS was recruited to criticize the analysis
and achieved inter-rater reliability through peer-debriefing
(Lincoln & Guba, 1985). The group included five Ph.D. students
in the fields of science and environmental education who had
experience of at least three years of teaching experience in
secondary schools and in undergraduate courses. This group was
first asked to analyze a sample of first ten responses in each of the
first six courses we studied. At that stage, despite the agreement
about the general nature of each category, only a moderate
agreement on the classification of statements was achieved. In the
third phase of the analysis, following Krippendorff’s recommen-
dation, we provided the group of experts with formal definitions of
the categories, and asked them to classify a sample of 10 students’
statements from all courses. At this phase we achieved an above
80% agreement.

Statements about learning outcomes were found in the answers
to all three open-ended questions. Some students described more
than one learning outcome and other answers fitted more than
one. Due to this answering pattern, categorizing student responses
was carried out for all the accumulated statements, rather than for
each answer separately. If students addressed few categories in an
answer to one question, we classified each part and placed them in
the appropriate category. In cases in which students described few
outcomes that matched a specific category, we counted all of them
as one.

Altogether 11 categories of learning outcomes were identified
in the data. Ten of which were described in the theoretical
framework: theoretical knowledge, awareness, professional skills,
higher order thinking skills, general attitudes (meaning, general
claims about the need to promote sustainable development, with
no specific connection to any sphere of life), professional attitudes,
professional motivation, motivation to promote SD (motivation to
promote SD in life in general, with no specific connection to any
sphere of life), emotional expression, and private sphere behaviors
(such as recycling, and saving energy). In addition we found an
outcome that had not been described in the theoretical model, but
appeared in the students’ responses: motivation to learn more on
sustainability issues and on the environment, which we labeled:
‘motivation to learn’. Table 2 provides examples of statements and
their categorization.

Due to the nature of our data we made two decisions regarding
the coding of data into categories: (a) since often students
mentioned acquisition of new knowledge but with no reference to
its specific nature, we used a general category we named
‘‘knowledge’’ with no further specification; (b) in our theoretical
underpinning, we labeled attitudes and norms as different
variables that can be assessed separately. In practice, we found
that translating these two groups of SLO into separate groups of
items is challenging because of the great similarities between them
in students responses (e.g. ‘‘I think it is important to integrate

environmental consideration into architecture planning’’ vs. ‘‘I think

architects ought to integrate environmental consideration into

architecture planning’’), and therefore, we classified all the
statements that expressed personal inclination as attitudes.

After coding all students’ responses into categories of SLO the
last stage of the data analysis process was summing the
frequencies of student responses in each course and each
category of SLO. We used two techniques to sum up the data and
find patterns: tabulation and clustering (Krippendorff, 2004).
Tabulation refers to collecting same/similar recording units in
categories and presenting counts of how many instances are
found in each. Tabulations produced a table of absolute
frequencies that enabled a comparison of different categories
and their distribution. Clustering is forming perceptual wholes
from things that are connected, belong together, or have
common meanings. Through the tabulation technique we could
identify the frequency of responses in each of the 11 categories.
The clustering enabled us to find patterns in the results in terms
of the classification that we followed to: types of psychosocial
outcomes (cognitive, affective, and skills), levels of learning



Fig. 2. Distribution of learning outcomes reported in each course.

Table 2
Examples of statements that were categorized into each of the categories.

Category of learning outcome Examples of students’ statements

Theoretical knowledge The course exposed me to various topics, global issues and research findings that were novel for me

I gained some theoretical knowledge about the advantages of producing electricity with wind turbines

Higher order skills The discussion in the course forum enhanced my reasoning abilities

Following the course experiences, I am now thinking more critically about issues, and think about different aspects of issues

Professional skills Installing/constructing such environmentally friendly sources of energy as solar and wind generated electricity made me

realize how accessible it is

The course gave me applicable tools for designing buildings using climate considerations

Awareness Following the course I am more aware of the ways human activities ruin the environment

Following the course, I understand that there is no contradiction between life quality and environmental conservation

General attitudes Today I think that humans have to look around and think of other creatures besides themselves

The course affected the whole way I think and view issues

Professional attitudes The course affected the way I see my professional duties. Today I understand that as a food engineer I have to develop lines that

reduce environmental effects

It made me think that environmental consideration should be taken into account in any engineering work, especially in the food

industry

Motivation to learn The discussion on the confrontation between the farmers and the pelicans raised my interest in this issue and I

want to learn more. . .

The things we learned about green building have caught my interest. . . I intend to continue learning

Professional motivation Today I am very motivated to teach my students on sustainability and to raise their awareness

It gave me motivation to search for a practice which involves environmental/social aspects

It makes me want to continue working on energy and environmental engineering projects

Motivation to promote SD From the people we met, I learned that everyone can make a change in the world, and I am very motivated to join and make a change

In future I will think about the environmental effects of every decision that I take

Emotional expressions The field trips raised my concern for the future of these places

Learning about the human-nature interface was very encouraging and hopeful

Private sphere behavior I started to separate garbage at home

It changed the ways I use electricity and water. I try to use less.
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outcomes (lower/higher), and type of life sphere (personal, civic,
and professional).

Findings

Altogether, we counted 402 statements of SLO in the students’
responses to the open-ended questions. Since the number of
returned questionnaires was different in each course, we present the
ratio of students that reported a specific category of learning
outcome in each course, to enable a comparison between the
courses.

Fig. 2 presents the distribution of SLO in each course. In order to
distinguish the different domains we represented the groups of
learning outcomes in similar patterns: the knowledge domain
represented by diagonal lines, the skills domain by dots, the
affective domain by plain colors, and the behavioral domain by
squares. Since some students described several SLO, some
described one, and few reported none, the cumulative SLO in
each course is not equal to 100%, and the average response per
student could be 1, (e.g. course 4), more than 1, (e.g. course 2, 6) or
less than 1 (e.g. course 1).

Based on this distribution we will now address the two research
questions.

The reported SLO of the students in the courses and their patterns

We determined the patterns of SLO in the courses according
to two elements: (a) the existence or absence of specific
SLO categories (a) the percentage of students who reported
on these categories. We decided that 20% of students reporting
a specific category would be a threshold from which we
addressed this category as consistent in a particular course.

As described, the students’ responses were classified into
eleven categories of learning outcomes – theoretical knowledge,
higher order skills, professional skills, awareness, general
attitudes, professional attitudes, emotional responses, profes-
sional motivation, motivation to promote SD, behavior in
private sphere – and one additional category that was not
described in the theoretical framework: motivation to learn – that
reflects the will to learn more about sustainable development. As
can be seen in Fig. 1, the SLO that were most reported referred to
theoretical knowledge that was reported consistently in ten out of
13 courses. The second most reported SLO was awareness,
reported consistently in seven courses.
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Patterns of SLO in terms of learning domains

When comparing the three domains of learning: knowledge,
skills, and affective, it is clear that the students in the study addressed
all three domains. Yet the skills domain was less dominant in the
students’ reported SLO compared with the other two:

� The knowledge domain consisted of only one category –
theoretical knowledge – that was reported consistently in ten
courses.
� The affective domain categories were reported consistently in

nine courses. In eight of them at least one of the affective
categories was constantly reported, and in one course (2), 20% of
the students did not specify any category, but some affective
categories were addressed by 50% of the students.
� The categories of the skills domain (higher order thinking skills,

and professional skills) were constantly described only in four
courses. It is also important to note that only one of the two key-
skills we described – promoting higher order thinking skills – was
apparent in the courses, while no students described a develop-
ment in social skills (such as cooperation and communication).

Given the above, we argue that generally, in the courses we
followed, the knowledge and the affective domains were better
highlighted than the skills domain.

Patterns of SLO in terms of the learning outcomes hierarchy

The hierarchy of the LO becomes apparent by comparing the
levels of categories that were reported in the courses according to
Bloom’s and Krathwohl et al’s taxonomies. In the cognitive domain,
most courses promoted mainly theoretical knowledge. In the
affective domain there was a larger variation; in some courses
none of the affective outcomes were consistently reported, in
others the main affective outcome was awareness, and in other
courses, a combination of the three levels – awareness, attitudes,
and motivation appeared.

Patterns of SLO in terms of life sphere

Apparently, from the three spheres of life – professional,
private, and civic – the focus of the courses was on the professional.
Three of the categories we found covered the skills, attitudes and
motivation of the professional sphere. Seven are general or
unspecified: knowledge, awareness, general attitudes, motivation
to promote SD, emotional expressions, and motivation to learn,
and one category with only four responses out of 402 was related
to the private sphere of life: private sphere behaviors.

Different patterns of SLO across the courses

After looking at general trends across courses, we now present
specific characteristics of courses and highlight differences in the
learning outcomes.

Total number of statements per course

In four courses the average reported SLO per student was less
than 0.65, in five courses, the range was between 0.9–1.25 and in
four courses, it was 1.5–2.4.

Variability of learning outcomes

The courses varied as well in the number of SLO categories: in
some courses students reported on no more than five categories
(e.g. course 1) while in others they reported on 10 (e.g. course 6).

Most frequent category or domain in the course

The dominant domain of outcome was different in different
courses: in some courses attitudes were better addressed rather
than skills development (e.g. 5). In one course, professional skills
stood out clearly but none of the affective outcomes (4). In three
courses a combination of all three domains appeared: knowledge,
skills, and affective outcomes (2, 6, 10).

Hierarchy of learning outcomes

The above description of the learning hierarchy is also relevant
when comparing the patterns of SLO across the courses. In some
courses learning focused on the lower levels both in cognitive and
affective domains (e.g. 1, 3). In some courses there was a higher
level of learning either in the affective or cognitive domain (e.g. 4,
5), and in some courses there were higher levels of learning in both
cognitive and affective domains (e.g. 6, 10).

To summarize all the above analyses we suggest looking at four
course types: (a) courses that promoted various learning out-
comes, promoted all three domains of SLO – knowledge, skills, and
affective, promote higher order learning and altogether exceeded
1.5 responses per student (e.g. 2, 6, 10). Enrolling in one of these
courses provides the students with an opportunity to develop
various aspects that are relevant to sustainability issues; (b)
courses that promote mainly the lower level learning of
theoretical knowledge and awareness (e.g. 3). Enrolling in these
courses can promote the students’ basic understanding of the idea
of sustainability; (c) courses that promote mainly a specific
outcome or domain that are considered as higher level learning
(e.g. 4, 5); By enrolling in one of these courses, the students can
develop certain aspects of sustainability learning; (d) courses in
which the ratio of responses per students was less than 0.65 and
the main category addressed was theoretical knowledge and/or
awareness (e.g. 1, 9). In these courses many of the participating
students felt that the course did not contribute to their learning
regarding sustainability. Although dealing with environmental
content, these courses cannot be considered as ones that
sufficiently promote SLO.

This typology of courses can be useful when dealing with the
designing and assessment of EfS in HE, as we shall discuss in the
next section.

Discussion

Higher education institutions are recognized as having an
important role in promoting sustainability; yet previous studies
have shown that although some examples of well-designed EfS
initiatives exist, many who graduate from HE institutions around
the world lack sufficient knowledge about environmental issues,
and their undergraduate studies do not affect their attitudes about
sustainability (Azapagic et al., 2005; Kagawa, 2007; Yavetz et al.,
2009). While previous studies presented these tendencies for
entire cohorts of students regardless of the courses and programs
they attended, the present study focuses on those students who
enrolled in courses that specifically dealt with environmental
topics. We found that in most cases, enrolling in one course does
not guarantee that the students will gain sufficient knowledge,
affective attributes, and skills that are required really to under-
stand or promote sustainability in their professional life, and
certainly not in their private or civic life. Only in three courses did
the students consistently report on their development in various
SLO and in all the three domains of learning. In the other ten
courses there was either a low number of reported learning
outcomes (fewer than 0.65 responses per student) or the variety of
the three domains of SLO – knowledge, affective, and skills
development was low. Since most of the courses we followed were
elective and program-specific, and since the curriculum was
inflexible due to so many mandatory courses, most of the students
did not take more than one ‘‘environmental’’ course. Therefore, for
the majority the potential of SLO needed in order to promote
sustainability was not fulfilled.
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Apparently, even courses that had high response rate, and
multiple SLO, contributed to students’ development only
in some SLO. None of these courses was reported by the
students as promoting key social skills such as cooperation and
communication, and the reports on higher order thinking skills
were few. Also, as described earlier, the private spheres of life
and civic engagement were seldom discussed in the students’
responses.

In Israel, universities can gain ‘green campus’ certification,
which one of its objectives is to promote EfS the institution. One
requirement for the certification is to offer at least one
environmental course that is open to all students. In the USA
many HE institutes offer one elective course that aims to promote
environmental literacy as part of their general educational
requirements (Wolfe, 2001). Our findings suggest that if the
objective is to enhance a variety of SLO, such a single course is in
many cases not enough. When designing such a course, we
suggest that special consideration must be given to both affective
and cognitive aspects, and that it will enhance higher levels of
learning such as critical thinking and systemic thinking that are
important for dealing with sustainability issues. Our findings also
imply that another way to enhance various SLO would be through
a combination of profession or field-specific courses that address
different aspects of learning. In the present study, three courses
3, 4, and 5 were all taught in the Architecture and Urban Planning
Department. Course 4 was obligatory and focused on energy
efficient building; Courses 3, and 5 were ‘‘recommended-
elective’’ (meaning an elective course offered to specific
program) and focused on various issues regarding sustainable
urban planning, and the integration of different perspectives in
the design process. As can be seen, the main SLO in course 4 was
professional skills, the main SLO in course 5 was professional
attitudes, and in course 3 the most reported SLO were theoretical
knowledge and awareness. Bearing this in mind, the department
could require that the students enroll in all three courses, and
thus gain different SLOs.

As described above, the research findings reveal a big
variability in the extent and nature of affective learning outcomes.
This is in line with previous discourse regarding the idea of
affective learning in HE. As we noted above, some scholars argue
that teaching in HE should be value free, while others stress that
every teaching process is value laden, and therefore it is legitimate
to define affective outcomes as desirable outcomes (Fine, 1997;
Shephard, 2008; Winter and Cotton, 2012). Some faculty might
also feel more comfortable raising their students’ awareness than
in addressing their values (Shephard, 2008). Professors who hold
the view that promoting certain attitudes and motivation might
be regard as indoctrination would probably avoid trying to affect
their students’ attitudes and motivation. On the other hand,
sometimes the reason for not promoting attitudes and motivation
might be related to lack of pedagogical knowledge. Shephard
suggests that, as in the case of the cognitive taxonomy, the lower
level categories are better achieved than the higher level ones, and
that promoting affective outcomes might always be harder to
achieve compared with cognitive outcomes. Accordingly, there
could be course instructors who want to promote attitudes and
motivation regarding sustainability but do not know how to
achieve this.

Some understanding of how courses in this study did succeed
in promoting the motivational outcomes can be gained from
looking at the pattern of SLO in the courses that enhanced this
learning outcome. Three of these courses have integrated all
aspects of learning – knowledge, professional skills and attitude
development. This integration of SLO is congruent with our
theoretical models that suggested that motivation to take action
is shaped by a combination of affective and cognitive
antecedents together with a feeling of competence. It is also
in line with Bandura’s concept of self-efficacy, which suggests
that when individuals perceive themselves as capable of
behaving in a certain way, it raises their motivation to do so,
and affects their behavioral choices (Bandura, 1991). In the case
of higher education courses, we can assume that when students
believe they have the skills that are required to promote
sustainability it promotes their motivation of acutely doing it.
Yet, the fact that one course promoted motivational outcomes
although its contribution to students’ reported skills was
limited, suggests that there are several other explanations for
the development of motivation to promote sustainability.

Finally, the findings contribute to our understanding of the
potential of formal courses in promoting private sphere and civic
sphere engagement in regard to sustainability. The literature of EfS
is rich in discussions that stress the importance of integrating civic
engagement in EfS activities, and promoting students’ civic
competencies (e.g. Jensen & Schnack, 1997; Svanström et al.,
2008; Wals & Jickling, 2002). While many of the initiatives in K-12
are directed to the private sphere of life and to civic engagement,
the higher education curriculum is mainly focused on professional
development. In the present study some of the SLO were described
in general terms (such as knowledge about environmental issues)
and some focused on the professional sphere. Some students’
statements were not specifically about any field and therefore
were defined as general. The private sphere of life was mentioned
only by four students, and civic engagement was totally ignored by
the students in all 13 courses. We can conclude that even if some
aspects of the private sphere and civic engagement were discussed
during the courses, they were not significant enough to feature in
students’ reported experiences compared with the weight of the
professional sphere.

Conclusions and implications

We described a theoretical framework for assessing learning
outcomes that contribute to students’ ability to promote
sustainability, and we used this framework to assess the
reported SLO of students in 13 courses dealing with the
environment which were, offered in a science and engineering
focused university.

From our findings we concluded that a course which deals with
environmental content does not automatically lead to the
development of either awareness of sustainability issues, or to
other SLO, such as attitudes, motivations or skills that are needed
in order to promote sustainability. We conclude as well that
different courses promote different types of SLO, and different
domains and levels of learning. These findings lead to the
conclusion that the promotion of multiple SLO can be reached
either by learning in well-designed courses that promote multiple
learning outcomes, or through enrolling in several courses, each of
which focuses on different aspects of learning.

The main theoretical contribution of this study is its systemic
view of learning outcomes in the field of EfS. We think that
consideration of learning processes and research in the field should
be aware of the variety of options and patterns of learning
outcomes, and pay attention both to the psycho-social aspects and
life sphere aspects of the learning outcomes. Since this view is new,
and since the field of EfS in HE is an emerging field, we believe as
well that this theoretical model can be developed further and we
invite other researchers to take part in its development. This study
also has two practical implications:

(1) The theoretical framework can be used to assess existing courses
and programs. Assessing their SLO will provide a clear picture of
what the strengths are of certain courses or programs and what
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are their limitations, and what should be added in order to
promote students’ learning in the field of sustainability.

(2) The research findings can serve for future design of programs
and curriculum for departments, and even universities. Since
sustainability is relevant to all students, university leaders are
advised to provide learning opportunities for several profes-
sional courses in each department that promote one or more of
the three learning domains, and enhance higher levels of
learning. Also, since we are aware that due to the loaded
curriculum, it is not possible for all students to enroll in more
than one course of EfS, we advise that those courses that are
designed to make students sustainability literate should be
carefully design in a way that addresses multiple aspects of
SLO. In addition, since we found that formal courses focus
mainly on the professional sphere of life it is recommended
that opportunities for informal learning experiences be
considered so that sustainability in the private and civic
spheres is promoted.

Since educating for sustainability requires so much from the
lecturers, it is advised that higher education institutions provide
professional development that could help instructors to integrate
sustainability into their courses.

Limitations and future research

This study provides a broad picture of the way different courses
with an environmental content promote SLO. Yet, it is limited to
courses taught in one university. We recommend that in future
research the study should be extended to other institutions and
countries.

Assessing the courses’ contribution to the development of
learning outcomes through open-ended questions enabled data to
be collected from many courses. While providing us with rich
information on the students’ learning, this method has three
disadvantages compared with closed items: (a) it requires much
time and effort in analyzing the data and validating it; (b) it
provides information only on frequency of learning outcomes,
while scales provide information that enables the mean distribu-
tion of each course to be compared, as well as the distribution and
extent of every learning outcome; (c) using closed items
guarantees that respondents address all the learning outcomes
we list. Additionally, in order to document higher order thinking
skills, such as critical and systems thinking, researchers are advised
to design instruments that directly and explicitly point to such
skills.

Our last recommendation deals with ways to promote
desirable SLO. After acknowledging the potential spectrum of
SLO in EfS, the next step in enhancing teaching and learning in the
field is improving our understanding of how courses can actually
promote these multiple learning outcomes. Some insights were
already presented in a publication that focused on one course
(course 6) which provoked the most varied and deepest
statements about SLO (Mintz, Talesnick, Amadei, & Tal, 2013),
and from other case studies that focused on good practices of EfS in
HE (e.g. Ben-Zvi-Assaraf & Ayal, 2010). Yet more systematic
inquiry is required.

Appendix. Post Course Questionnaire

Dear Student

This questionnaire is for our research on education for sustainability in higher

education institutions. Responding will take approximately 20 min. All the

information required is anonymously given, and it is given only for the purpose of

this study. We appreciate your collaboration.
1. Has this course affected your perception of the profession/field you are studying?

If so, how?

2. Was there any particular learning experience during the course that you recall as

significant to your personal/professional development concerning human-

environmental relations, and/or sustainable development?

3. In what way has this learning experience affect you (Motivation/skills/

Knowledge etc.)?

4. Comments

Thanks for responding,

The research team
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