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Abstract
Purpose – Sustainability literature has cited the inﬂuential role of both awareness and engagement in
facilitating increases in pro-environmental behaviors. The purpose of this study is to compare these links
across behaviors and explore their interactive inﬂuence.
Design/methodology/approach – Two research questions were examined: 1) Is awareness about
campus efforts regarding waste-prevention and sustainable travel/transportation options associated with
increases in student waste-prevention and sustainable travel/transportation behaviors? 2) Is the link between
sustainability awareness and changes in behavior conditioned by student engagement (i.e. participation) in
campus sustainability activities and events? Research questions were examined using data from the
University of Michigan Sustainability Cultural Indicators Program. A sample of freshmen completed a Webbased survey in 2012, and again as seniors in 2015.
Findings – Greater awareness of campus waste-prevention efforts in 2015 was associated with signiﬁcant
increases in student waste-prevention behaviors from 2012 to 2015. Also, among students who were engaged
(i.e. reported participating in a campus sustainability activity/event), greater travel/transportation awareness
in 2015 was associated with a signiﬁcant decline in sustainable travel/transportation behavior. Consistent with
previous studies this study found a link between sustainability awareness and increases in sustainable
behavior. However, this study also indicates that this link is not present for all behaviors (i.e. use of sustainable
travel/transportation). This study also found that engagement does not amplify the awareness–behavior link.
Originality/value – Understanding key drivers of changes in sustainable behavior for speciﬁc behaviors
can inform the allocation of resources and help university campuses reach their sustainability goals.
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Introduction
As of 2015, an estimated 6,300 million metric tons (Mt) of plastic had been produced
globally, yet only 567 Mt has been recycled (Geyer et al., 2017). Furthermore, it is estimated
that by 2050, 12,000 Mt of plastic waste will be either in landﬁlls or in the natural
environment (Geyer et al., 2017). These statistics indicate an urgent need to identify factors
that are most effective at facilitating changes in sustainable behavior (e.g. wasteprevention). As current consumer-driven behaviors and culture are inherently
unsustainable, working toward changing behavior at the individual level is an essential
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component to being environmentally responsible citizens and working toward promoting a
culture of sustainability (Moore, 2004; Zsoka et al., 2013). A culture of sustainability has
been deﬁned as:
[. . .] a culture in which individuals are aware of major environmental (and social/economic)
challenges, are behaving in sustainable ways, and are committed to a sustainable lifestyle for
both the present and future (Marans et al., 2015, p. 170).

Over the past 40 years, universities have increased efforts to promote campus sustainability.
These efforts have included programs to raise student awareness about how they can
immediately engage in sustainable behaviors while on campus. Additionally, educational
programs integrated into the curriculum are intended to provide students with the
knowledge to become sustainable citizens once they graduate and leave campus. Thus,
much can be learned from university efforts (both successes and failures) to promote
sustainable behaviors on campuses (Flood, 2013).
Raising sustainability awareness in a targeted manner may be one way to facilitate
increases in sustainable behaviors (Too and Bajracharya, 2015). However, little is known
about how awareness of different aspects of sustainability (e.g. behavior-speciﬁc, general)
play a role in promoting sustainable behaviors. Further, even less is known about how
awareness interacts with other factors such as student engagement in campus
sustainability-related organizations and activities. Finally, little is known about how these
associations operate similarly or differently across different behaviors (e.g. wasteprevention and sustainable travel/transportation). This information is needed to develop
effective and targeted programs aimed at efﬁciently increasing sustainable behaviors.
Using data from the University of Michigan Sustainability Cultural Indicators Program
(SCIP), the present study investigates links between sustainability awareness and behavior
over a four year period among a sample of undergraduate students. Speciﬁcally, this study
examines this link in regard to waste-prevention and sustainable travel/transportation
behaviors. Further, this study investigates how the awareness – behavior link varies across
levels of engagement in campus sustainability activities and events.
University approaches to sustainability
Historical context. The word sustainability refers to the utilization of resources in a manner
that will not lead to their depletion. Environmental sustainability more speciﬁcally refers to
society living in balance with the natural environment. Out of rising concern regarding
society’s impact on the natural environment and the notion of universities as centers of
social change, universities have taken a leading role in guiding society toward a sustainable
future (Wright, 2002). The notion of sustainability in higher education became evident on
the international stage with the United Nations’ UNESCO International Environmental
Education Programme (IEEP) in 1978, and resulting declarations specifying the unique and
important role of universities serving as conduits for a sustainable society (Corcoran and
Wals, 2009). While universities have endorsed numerous sustainability-related international
treaties, declarations, and charters over the past forty years stating their commitment to
adopting sustainable practices and implementing formal and informal education on
sustainability, universities have struggled to ﬁnd the most effective ways to do so (Sterling
et al., 2013).
The literature has identiﬁed at least seven dimensions of sustainability in higher
education including: institutional framework, campus operations, education, research,
outreach and collaboration, on-campus experiences and assessment and reporting (Lozano
et al., 2013). While these dimensions shape sustainability in higher education, the way in

which students interface with these dimensions vary across universities (Corcoran and
Wals, 2009).
The University of Michigan context. The University of Michigan is a large public
university located in Ann Arbor, Michigan, with approximately 29,000 undergraduate and
15,000 graduate students. While the largest proportion of students are from the state of
Michigan (55 per cent of undergraduates), the student body is nationally and internationally
diverse (University of Michigan, 2019). Thus, both the local campus context (e.g. university
sustainability policies, programs, and initiatives) and broader social contexts (e.g. policies at
city, state, national, and international levels) may inﬂuence environmentally sustainable
behaviors and attitudes of the student population.
Based on the literature and observation at the University of Michigan, two of the primary
ways that students interact with sustainability in the university setting are through
sustainable campus operations and education (Corcoran and Wals, 2009; Mcmillin and
Dyball, 2009). At the University of Michigan, students interact with campus operations
through outreach (e.g. informational signage), collaboration with the Ofﬁce of Campus
Sustainability in the planning of sustainability themed events and on-campus experiences
(e.g. Earth Day). Similarly, sustainability education at the University of Michigan
relies upon classroom experiences (e.g. lecture). This study focuses in particular on
assessing the impact of operational and educational approaches to campus sustainability
within the University of Michigan context.
Operational approaches to campus sustainability. Operational approaches to
sustainability focus on efforts that make the day-to-day operations of a university campus
more sustainable. This can include, for example, improving the energy efﬁciency of facilities
or the implementation of a recycling program. These activities are achieved through the
allocation of ﬁnancial resources (Krizek et al., 2012). Despite up-front capital costs associated
with operational sustainability improvements, universities can beneﬁt in multiple ways
from making their day-to-day operations more sustainable. Greening the university campus
can help cultivate a campus culture of sustainability as it provides opportunities to increase
student awareness about on-campus sustainability efforts (Mcmillin and Dyball, 2009).
Additionally, capital expenditure on speciﬁc aspects of operational sustainability, such as
energy efﬁciency, can be ﬁnancially advantageous in the long run as they can reduce
operational expenditures and result in net savings over time (Rad et al., 2017).
Educational approaches to campus sustainability. While students can observe
operational change, raising awareness through sustainability-focused education is argued
by some to be essential for students to gain an “adequate understanding of the concept of
sustainability” because it is “an important ﬁrst step toward initiating or participating in or
advocating for intentional sustainability behaviors” (Emanuel and Adams, 2011, p. 82).
Despite the importance of educating students about sustainability, universities have
struggled to implement sustainability into curricula (Finlay and Massey, 2012; Cotton et al.,
2009). This is due in part to the traditional educational approach to sustainability, which
tends to view it as an issue pertaining to the natural sciences (Zoller, 2013; Summers et al.,
2005). Thus, many universities have developed separate courses about sustainability that
are primarily directed toward students of science backgrounds and those already interested
in sustainability (Wolf, 2001). In a 2001 study, Wolfe (2001) reported that of 496 universities
examined, only 11.6 per cent of institutions required their graduates to have taken courses
related to environmental literacy.
Because environmental sustainability is inherently interdisciplinary, some have argued
that it needs to be incorporated into more academic disciplines to fully educate students for
environmental literacy (Svanström et al., 2008; Jucker, 2002). However, this requires faculty
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commitment from a range of disciplines to integrate sustainability into their coursework
(Qian, 2013; Boyes et al., 2009; Bacon et al., 2011). Owing to the difﬁculties of raising
awareness about sustainability in an educational context, universities have placed greater
emphasis on raising awareness through operations because they are more visible, face less
resistance and have potential economic beneﬁts (Rad et al., 2017).
Awareness and engagement: links to behavior
While increasing awareness about sustainability may increase student knowledge about
sustainability, less is known about the impact of raising awareness on changes in behavior
(Kollmuss and Agyeman, 2002). Too and Bajracharya (2015) note that although knowledge
is key to helping a community better understand sustainability, awareness alone may have
little impact on changing behaviors. Similarly, Boyes et al. (2009) note that while awareness
may be the ﬁrst step toward facilitating changes in sustainable behavior, awareness alone
may not lead to signiﬁcant behavior change. However, the claim that increasing awareness
does not lead to behavior change is based on an aggregation of sustainable behaviors. Prior
studies have demonstrated that factors inﬂuencing sustainable behaviors are behaviorspeciﬁc (Heeren et al., 2016; Pelletier and Sharp, 2008). Thus, more research is needed to
examine whether awareness is associated with changes in speciﬁc sustainable behaviors.
A study conducted at The University of Western Australia found that regardless of knowing
the beneﬁts of active transport (e.g. walking, cycling), students mostly chose the mode of
transportation with the least associated travel time (Shannon et al., 2006). However, the study
noted that it is possible to inﬂuence sustainable travel/transportation behaviors through
reducing barriers and creating social norms. Therefore, compared to students who do not live
within walking distance from where they attend classes, those that do live within walking
distance are more likely to exhibit sustainable travel/transportation behaviors (e.g. walk vs
taking a bus) regardless of environmental consideration (Toor and Havlick, 2004; Hupkes,1982).
In contrast, Horhota et al. (2014) found that the primary barriers to waste-prevention
behaviors are a lack of time, inconvenience, and forgetfulness. It is likely that there are fewer
and more easily addressable barriers to facilitating waste-prevention behaviors compared to
travel/transportation behaviors. Thus, awareness may be more strongly associated with
changes in waste-prevention behaviors compared to travel/transportation behaviors.
As some argue that awareness about sustainability alone may not lead to signiﬁcant
behavioral change (Too and Bajracharya, 2015; Boyes et al., 2009; Kollmuss and Agyeman,
2002), the question that must be answered is “What other factors can help facilitate or
amplify that change?” One possible factor is engagement. In the context of this study,
engagement reﬂects the extent to which students participate in sustainability-related
activities such as student organizations. Engagement may provide an opportunity for
students to interact with the sustainability knowledge they gain in a tangible way, often in
group settings. This highlights the role of the university as a living laboratory (Evans et al.,
2015). For example, the University of Michigan raises awareness about recycling on campus
operationally by posting instructional signs, and then engagement occurs through the act of
recycling during an event such as RecycleMania – a campus-wide recycling competition.
Additional research is needed to investigate whether raising awareness about
sustainability alone is enough to increase speciﬁc sustainable behaviors. While more
evidence points toward engagement resulting in behavioral change compared to awareness
(Too and Bajracharya, 2015). However, it is argued that to understand sustainability,
individuals must ﬁrst become aware of new ideas and practices, and thus failing to do so
makes it difﬁcult for students to change their behaviors in the long term (Emanuel and
Adams, 2011; Cotton et al., 2016). Thus, when it comes to increasing sustainable behaviors,

raising awareness may be the ﬁrst step because most people are not familiar with the
concept of sustainability in a coherent way (Jucker, 2002).
Theoretical perspective
The present study is broadly guided by theoretical perspectives of human behavior that
have been successfully applied to sustainable behavior (Lindsay and Strathman,
1997; Goldenhar and Connell, 1993; Whitley et al., 2018). This study isolates speciﬁc
behaviors (e.g. waste-prevention and travel/transportation) in accordance with Lindsay
and Strathman’s notion of related yet separate ecological subdomains. The study also
addresses Lindsay and Strathman’s argument that sustained behavior change is the
result of intrinsically based behaviors. This is done through the inclusion of behaviors
exhibited through internal motivation, without the need for external compensation. In
their application of the health belief model, Lindsay and Strathman stress the
importance of establishing social norms to promote behavior change and inﬂuence
intrinsic behavioral motivation. The association between norms and intrinsically based
behavioral intent is because of the ability of norms to inﬂuence intrinsic behaviors as a
means of social conformity. Thus, if the normative behavior in a community is to
recycle, then those who do not recycle will begin to do so without external incentives to
conform to community norms. Thus, guided by theoretical perspectives of human
behavior, this study assesses how awareness and engagement are linked to
sustainable behaviors. Through this investigation, this study aims to determine if
sustainable behavior can become the social norm through increased community
awareness and engagement.
Present study
The present study examines both waste-prevention and sustainable travel/transportation
behaviors over time. This study focuses on these two behaviors because of the availability
of awareness indicators speciﬁc to these two behaviors. As universities work to increase
sustainable behaviors on campus, understanding how engagement in sustainability-related
activities can inﬂuence the relationship between awareness and sustainable behaviors is
critical. Understanding this relationship is critical because it can determine how to promote
and facilitate individual-level sustainable behaviors most effectively. To address this need,
this study examines two research questions (Figure 1):
RQ1. Is awareness about campus efforts regarding waste-prevention and sustainable
travel/transportation options associated with increases in student wasteprevention and sustainable travel/transportation behaviors?
This study hypothesizes that greater awareness (both operational and educational) will be
associated with an increase in both waste-prevention and sustainable travel/transportation
behaviors. This study also hypothesizes that the association will be stronger for waste
prevention compared to travel/transportation:
RQ2. Is the link between sustainability awareness and changes in behavior conditioned
by student engagement (i.e. participation) in campus sustainability-related
activities and events?
This study hypothesizes that the positive association between awareness (both operational
and educational) and sustainable behaviors will be stronger among those who report some
engagement compared to those who are not engaged.
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Methods
Data
This study uses data from the University of Michigan’s SCIP (Callewaert and Marans, 2017;
Marans and Callewaert, 2016). From 2012 to 2015, SCIP administered annual Web surveys
to representative samples of students, faculty, and staff at the University of Michigan. This
included inviting a panel of undergraduate students to repeatedly participate in the survey
during this time. This study uses the panel data, speciﬁcally a sample of students who
participated in SCIP in 2012 when they were freshmen and again in 2015 when they were
seniors (N = 299). The survey included questions on the following topics: travel and
transportation, waste prevention and conservation, the natural environment, climate
change, food, engagement, awareness and ratings of campus sustainability initiatives.
Survey background. The SCIP survey was developed to inform educational programs and
campus operations at the university. The program is the result of a campus sustainability
integrated assessment that began in 2009. The assessment outlined four themes to guide the
university’s long-term sustainability strategy: Climate Action, Waste Prevention, Healthy
Environments and Community Awareness. SCIP was developed to address and monitor
progress being made in Community Awareness. The process for survey development
included:
 review of integrated assessment recommendations;
 literature review;
 consultations with content experts;



conduct of focus groups; and
review of existing campus surveys focused on related topics.
Survey development was also guided by the North American Association for Environmental
Education’s report on frameworks for assessing environmental literacy, which called for a
focus on knowledge, attitudes and behavior (Hollweg et al., 2011). For additional details
regarding the history and development of SCIP please see Callewaert and Marans (2017).


Measures
Outcome variables. Two measures of sustainable behavior were used in this study collected
in both 2012 and 2015, focusing on two speciﬁc behaviors: waste-prevention and travel/
transportation. Waste prevention was measured with four items in which students were
asked how often in the past year they did the following behaviors on a four-point scale
(1 = never; 4 = always/most of the time): print double-sided, recycle paper, use reusable cups
and use property disposition (Marans and Callewaert, 2016). Responses from the four items
were summed and then transformed to be on a 0-10 scale for comparability to other indices.
Travel/transportation was measured by an index reﬂecting the carbon impact of “Most often
mode of travel to campus” for which walking/biking were given the highest scores and
driving was given the lowest score (Marans and Callewaert, 2016). Students traveling by bus,
a combination of biking and bus, or motorcycle were given the second highest scores.
Students who reported carpooling or using rideshare were given the third highest score.
Scores were then standardized to a 0-10 scale.
Sustainability awareness. Three measures of awareness were used in this study and
collected in both 2012 and 2015, including two operational indicators matching the focus of the
two outcome variables/behaviors (waste-prevention and travel/transportation), and a general
educational awareness indicator. Waste-prevention awareness was measured with ﬁve items
that asked students how much they know about on campus recycling of glass, plastic, paper,
electrical waste and property disposition on a four-point scale (1 = not much/nothing; 4 = a lot).
Responses were summed and then converted into a 0-10 scale. Higher scores indicate a greater
level of awareness. Travel/transportation awareness was measured with four items that asked
students how much they know about the Ann Arbor bus system, U-M Busses, Biking and
Zipcar rental on a four-point scale (1 = not much/nothing; 4 = a lot). Responses were summed
and converted to a 0-10 scale. To measure educational awareness students were asked if they
had taken a course related to sustainability while at the university (0 = have not taken a course
that addresses sustainability; 1= have taken a course that addresses sustainability).
Sustainability engagement (2015). Unlike awareness, the measure of sustainability
engagement is not area (e.g. waste prevention or travel/transportation) speciﬁc. For
engagement, a single dichotomous measure was created and used in analyses
(0 = no engagement; 1 = engagement ever in one or more of the following eight sustainabilityrelated campus activities: RecycleMania, Kill-a-Watt, Planet Blue Ambassadors Program, A
U-M organization dealing with sustainability, Earthfest, Zero Waste Events, e-Waste
Recycling Event and M Farmers Market). For additional details regarding the study
measures please see the appendix Table A1, and for additional details regarding the
construction of indices please see Marans and Callewaert (2013, p. 97).
Co-variates. This study included two measures shown in previous studies to be linked to
sustainable behaviors:
(1) gender (0 = male; 1 = female); and
(2) academic major in 2015 (1 = engineering; 2 = literature, science and the arts; 3 =
other) (Meinzen-Dick et al., 2014; Summers et al., 2005).
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Analytical strategy
To examine the ﬁrst research question two multiple linear regression models were examined
using SPSS. The models included 2015 waste prevention and travel/transportation as
dependent variables. These models included nine independent variables: 1) gender; 2) 2015
major – engineering (literature, science and the arts served as the reference group); 3) 2015
major – other; 4) 2012 version of the outcome variable (e.g. waste-prevention behaviors); 5-6)
2012 and 2015 operational awareness speciﬁc to the outcome (e.g. waste prevention); 7-8)
2012 and 2015 educational awareness (sustainability coursework); 9) 2015 sustainability
engagement. Because the lagged version of the outcome variable was included in the
models, coefﬁcients could be interpreted as the effect of each independent variable on
change in the outcome. Findings were considered statistically signiﬁcant at p-value < .05.
To examine the second research question, three interaction terms were created. This
involved effect coding engagement and educational awareness (from 0,1 to 1,1) and mean
centering of both operational awareness indicators. Next engagement was multiplied by each
of the three awareness indicators. These interaction terms were then entered one at a time
into the main effects models. For each outcome two interactions were examined, engagement
by the topic speciﬁc operational awareness indicators and educational awareness. Mean
centered and effect coded main effects for variables included in the interactions were also
included in these models. Interactions were determined to be statistically signiﬁcant if the
r-square change from the main effects to the interaction model had a p-value < .05. Simple
slopes tests were conducted for signiﬁcant interactions using Dawson’s (2014) worksheet.
Results
The below sample characteristics are presented followed by results from the testing of both
research questions. Table I provides descriptive statistics on all study variables. Just under
two-thirds (64.6 per cent) of the sample were female, 26.4 per cent declared as engineering
majors in 2015, 51.9 per cent were majoring in literature, sciences and the arts and 21.7 per cent
were other majors. There was an increase over time in reports of both waste prevention (2012
mean = 6.5; 2015 mean = 7.1) and sustainable travel/transportation behaviors (2012 mean = 7.8;
2015 mean = 8.1). Both indicators of operational awareness increased from 2012 to 2015 and

N = 299

(%)

Range

(%)

Gender (% female)

64.6

Major
Engineering
Literature, science and the arts
Other

26.4
51.9
21.7

Behavior
Waste-prevention
Travel/transportation

Table I.
Sample
characteristics

2012
Mean (SD)

Awareness
Operational: waste prevention
Operational: travel/transportation
Educational: sustainability coursework
Engagement: % some

14.0

2015
Mean (SD)

Range

6.5 (1.4)
7.8 (3.0)

1.7-10.0
0.0-10.0

7.1 (1.0)
8.1 (3.2)

3.3-10.0
0.0-10.0

4.0 (2.2)
4.0 (1.7)

0.0-10.0
0.0-9.2

4.4 (2.3)
4.6 (2.2)

0.0-10.0
0.0-10.0

35.2
73.5

were similar on the standardized 0-10 scale. Waste-prevention awareness increased from 4.0 in
2012 to 4.4 in 2015 and travel/transportation awareness increased from 4.0 to 4.6. In terms of
educational awareness, only 14.0 per cent of the panel reported that they were taking a course
that addressed sustainability during their freshmen year. This increased to over one-third (35.2
per cent) when the panel of students were seniors. Lastly, in terms of engagement almost threequarters (73.5 per cent) of the students reported that they had engaged in one or more
sustainability activities during their time on campus.
RQ1. Is awareness about campus efforts regarding waste prevention and sustainable travel/
transportation options associated with increases in student waste-prevention and sustainable
travel/transportation behaviors? Table II presents the results from examining RQ1. Partial
support was found for the hypothesis that greater awareness would be associated with an
increase in sustainable behaviors. Speciﬁcally, this study found that greater operational
awareness about waste prevention in 2015 was associated with signiﬁcant increases in wasteprevention behaviors from 2012 to 2015 (beta = 0.22; p < 0.001). Contrary to the hypothesis,
operational travel/transportation awareness was not associated with changes in this behavior.
Also, contrary to the hypothesis, educational awareness was not associated with changes in
either waste-prevention or travel/transportation behaviors. The study also found that
engineering majors (compared to literature, science and the arts majors) reported a signiﬁcant
decrease in sustainable travel/transportation behaviors (beta = 0.22; p < 0.01).
RQ2. Is the link between sustainability awareness and changes in behavior conditioned
by student engagement (i.e. participation) in campus sustainability-related activities and
events? Table III presents the results from examining RQ2. There was only partial support

Independent variables
Covariates
Female
Major (2015): engineering
Major (2015): other
Major (2015): literature, science and the arts –
reference group

Waste-prevention
behavior (2015)
b
b (SE)

Travel/transportation
behavior (2015)
b (SE)
b

0.12 (0.12)
0.14 (0.13)
0.12 (0.13)
–

0.06
0.07
0.05
–

0.59 (0.41)
1.57 (0.45)
0.08 (0.46)
–

0.09
0.22**
0.01
–

Behavior (2012)
Waste-prevention
Travel/transportation

0.15 (0.04)
–

0.22***
–

–
0.14 (0.06)

–
0.13*

Awareness (2012)
Operational: waste prevention
Operational: travel/transportation
Educational – coursework

0.02 (0.03)
–
0.12 (0.16)

0.05
–
0.05

–
0.07 (0.11)
0.35 (0.54)

–
0.04
0.04

Awareness (2015)
Operational: waste prevention
Operational: travel/transportation
Educational – coursework

0.09 (0.03)
–
0.01 (0.12)

0.22***
–
0.00

–
0.09 (0.09)
0.63 (0.41)

–
0.06
0.10

Engagement (2015)
Adjusted R2
N

0.13 (0.13)
0.06
0.09***
291

0.27 (0.44)
0.06**
291

0.04

Notes: *p < 0.05; **p < 0.01; ***p < 0.001

Sustainability
awareness and
behavior

Table II.
Main effects of
sustainability
awareness and
engagement on
changes in wasteprevention and
travel/transportation
behaviors

0.02 (0.03)
–
0.14 (0.16)
0.08 (0.03)
–
0.01 (0.12)
0.07 (0.07)
0.02 (0.03) 0.05
–
–
–
–
0.09***
0.00
291

Awareness (2012)
Operational: waste prevention (WPA)
Operational: travel/transportation (TTA)
Educational - sustainability coursework

Awareness (2015)
Operational: waste prevention (WPA)
Operational: travel/transportation (TTA)
Educational – sustainability coursework
Engagement (2015)

Interactions (engagement  awareness)
Engagement  operational WPA
Engagement  operational TTA
Engagement  educational – coursework
Adjusted R2
Change in adjusted R2 from main effects model
N

Notes: *p < 0.05; **p < 0.01; ***p < 0.001

0.15 (0.04)
–

Behavior (2012)
Waste-prevention
Travel/transportation

0.20**
–
0.01
0.07

0.06
–
0.05

0.22***
–

0.22***
–
0.12
0.05

0.05
–
0.06

0.22***
–

0.06
0.07
0.06
–

b

–
–
–
–
0.16 (0.09) 0.17
0.13***
0.01
291

0.09 (0.03)
–
0.12 (0.09)
0.05 (0.09)

0.02 (0.03)
–
0.15 (0.16)

0.15 (0.04)
–

0.13 (0.12)
0.15 (0.13)
0.13 (0.13)
–

Covariates
Female
Major (2015): engineering
Major (2015): other
Major (2015): literature, science and the arts – reference group
0.06
0.07
0.05
–

0.12 (0.12)
0.15 (0.13)
0.12 (0.13)
–

Independent variables

Table III.
Moderating effect of
engagement on the
association between
awareness and
changes in wasteprevention and
travel/transportation
behaviors
Waste-prevention behavior
1
2
b
b (SE)
b (SE)

0.10**
0.02*
291

–
0.19 (0.08)

–
0.07 (0.09)
0.72 (0.41)
0.17 (0.22)

–
0.03 (0.11)
0.54 (0.54)

–
0.15 (0.06)

0.65 (0.40)
1.67 (0.45)
0.11 (0.46)
–

–
0.13*

–
0.05
0.11
0.05

–
0.02
0.06

–
0.14*

0.10
0.23***
0.01
–

–
0.07
0.05
0.01

–
0.04
0.04

–
0.13*

0.09
0.22**
0.01
–

b

–
–
–
–
0.22 (0.32) 0.07
0.09**
0.00
291

–
0.10 (0.09)
0.15 (0.31)
0.03 (0.32)

–
0.08 (0.11)
0.38 (0.54)

–
0.13 (0.06)

0.62 (0.41)
1.57 (0.45)
0.06 (0.47)
–

Travel/transportation behavior
1
2
b (SE)
b
b (SE)
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for the hypothesis that engagement would moderate the association between awareness and
change in sustainable behaviors. Speciﬁcally, only one of the three engagement-byawareness interactions was statistically signiﬁcant (engagement  operational travel/
transportation awareness; r-square change = 0.02; p < 0.05).
Exploration of the signiﬁcant interaction however yielded ﬁndings that were contrary to
the hypothesis that the positive association between awareness and an increase in
sustainable behaviors would be stronger among those who reported engagement compared
to those who did not. This study found that among students who were engaged (i.e. reported
having participated in a campus sustainability activity or event) greater travel/
transportation awareness in 2015 was associated with a signiﬁcant decline (at the trend
level) in sustainable travel/transportation behavior (b = 0.26: p < 0.10). In contrast, among
students who reported no engagement, greater awareness resulted in little to no change in
sustainable travel/transportation behavior (b = 0.12: p = 0.40).
Discussion
This study demonstrates that greater sustainability awareness from an operational
standpoint can have some impact on increasing sustainable behaviors among students.
While this is an indirect approach to increasing sustainable behaviors, and is dependent
on the behavior at hand, the results of this study demonstrate that higher levels of
awareness about sustainability-related operations did result in behavioral change over a
four-year period. This study complements other studies which have demonstrated the
importance of student awareness and perceptions of campus sustainability initiatives
(Nejati and Nejati, 2013).
The lack of an association between educational awareness and either of the two
sustainable behaviors examined indicates that students do not necessarily need to learn
about waste prevention in a class-room setting to change their behavior. Rather students
can learn about sustainability on campus by observing sustainable campus operations.
This is consistent with Jucker’s (2002) notion of the university serving as a natural living
laboratory though which sustainability can be experienced. As more students develop an
operational (i.e. how-to) understanding of sustainable waste prevention, the behavior
may become normative and help create a campus culture of sustainability. This is
consistent with Lindsay and Strathman’s (1997) argument of the importance of
establishing norms for facilitating long-term changes in sustainable behavior. Similarly,
Barr (2007) notes that recycling behavior can become normative through increased
awareness. While Jucker (2002) notes the impeding role of barriers and culture when
questioning whether awareness alone can change behavior, the results from this study
demonstrate that through the reduction of structural barriers and changing norms, it is
possible to facilitate changes in sustainable behavior.
This study’s lack of a ﬁnding regarding the amplifying effect of engagement on the link
between waste-prevention awareness and behavior was surprising given the measure of
engagement’s comprisal of activities speciﬁcally related to waste prevention (e.g.
RecycleMania, Zero Waste Events). These ﬁndings indicate that waste-prevention
awareness alone is a sufﬁcient means of increasing waste-prevention behaviors, while
engagement has no signiﬁcant inﬂuence on the relationship. It is important to note that
while this study found no link between engagement and behavior change over four years,
other studies have found a link. For example, researchers from Oberlin College found that
during a dormitory energy reduction competition electricity usage fell by upwards of 50
per cent (Petersen et al., 2007). Although the Oberlin College study demonstrates that
engagement has the potential to increase sustainable behaviors, Petersen and colleagues
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(2007) acknowledged that their ﬁnding came through short-term incentivization, and could
not be used to draw conclusions about the impact of the competition on long-term behavior
change. Furthermore, they noted the need for more studies to investigate whether such
behaviors could be sustained over a longer time period following the engagement activity
(Petersen et al., 2007). Results from the current study suggest that participation in these
types of events may not result in sustained behavior change over time. Therefore, it appears
that engagement efforts may result in temporary increases in sustainable behaviors, but
may not be the most effective way to change community norms necessary to promote longterm changes.
When it comes to allocation of university resources, this study’s ﬁndings suggest that
increasing operational awareness may have greater potential of increasing waste-prevention
behaviors among the student populace than educational awareness and engagement
opportunities. Ultimately this ﬁnding contradicts past studies that claim increased
awareness does not lead to changes in sustainable behavior, citing the need for robust
engagement opportunities (Too and Bajracharya, 2015). While engagement may be
necessary to address speciﬁc sustainable behaviors not tested in this study, ﬁndings from
this study highlight the importance of not taking a one-size-ﬁts all approach; consistent with
arguments made by Lambrechts and et al. (2018). Additionally, Lambrechts and et al. (2018)
identify the need for differentiated learning approaches based on student sustainability
perspectives to maximize impact on behaviors.
Similar to waste-prevention awareness at the University of Michigan, efforts to increase
sustainable travel/transportation awareness are operationally focused. This includes
investment in more sustainable modes of transportation such as hybrid buses and rentable
bikes. To increase awareness, the university has undertaken extensive marketing campaigns
through its Planet Blue initiative and the use of strategically located informational signage.
Through these marketing efforts students can observe and learn about options for
sustainable modes of travel/transportation on and around campus. However, unlike wasteprevention behaviors, this study found that greater travel/transportation awareness was not
linked with change in sustainable travel/transportation behaviors. A possible explanation is
that a needed awareness threshold for this behavior was not met.
Another explanation for the lack of a link between travel/transportation awareness and
behavior is the experience of external barriers (e.g. distance needed to travel) (Zsoka et al.,
2013). The ﬁnding that engineering students reported a signiﬁcant decline in sustainable
travel/transportation behaviors provides support for this explanation. While most campus
life and off-campus housing at the University of Michigan is located on or near Central
Campus, engineering majors have most of their coursework on North Campus. The two
campuses are almost two miles apart, therefore making walking (the most sustainable form
of transportation) more difﬁcult compared to other modes of transportation (e.g. bus). In
contrast, students majoring in literature, sciences, and the arts primarily take classes on
Central Campus and thus can more easily walk to and from where the majority of
their classes are held. This is consistent with previous studies which have found that while
people can be educated on what mode of transportation is most sustainable, they likely will
act out of practicality and convenience (Shannon et al., 2006; Hupkes, 1982; Toor and
Havlick, 2004). This suggests that to promote more sustainable travel/transportation
behaviors, universities need to consider factors beyond awareness, with a focus on reducing
barriers (e.g. distance to travel).
In addition to not ﬁnding a signiﬁcant relationship between sustainable travel/
transportation awareness and behavior change, engagement was not found to amplify the
relationship as expected. In fact, results show that among those not engaged, greater

awareness was associated with a slight increase in sustainable travel/transportation
behaviors. As evident in the behavioral distinction between student majors, it appears that
sustainable travel/transportation behaviors are ultimately dictated out of circumstance
rather than environmental attitudes (Zsoka et al., 2013). Based on the ﬁndings of this study,
it is evident that convenience and practicality serve as stark barriers to sustainable travel/
transportation behaviors; consistent with ﬁndings from Boyes and colleagues (2009). The
role of external barriers impeding sustainable behavior was also identiﬁed at University of
Plymouth and the University of Western Australia; reﬂective of the cross-cultural role of
barriers (Kagawa, 2007; Shannon et al., 2006). Kagawa (2007) also found that proenvironmental attitudes and understanding of sustainable transportation options did not
result in students changing their behaviors, thus recommending that the “university
campus should provide infrastructures to facilitate those actions” (Kagawa, 2007, p. 335).
Additionally, Whitley and colleagues (2018) suggest that in the absence of barriers, students
who exhibit pro-environmental beliefs and those responsive to norms, will opt to use more
sustainable transportation options (Whitley et al., 2018). This suggests that before
universities allocate limited resources toward increasing both awareness and engagement
speciﬁc to sustainable travel/transportation behaviors, they should ensure that the
infrastructure to facilitate these actions is in place.
Limitations and future directions
This study was limited, in that it only examined two sustainable behaviors (wasteprevention and travel/transportation). Given that this study found that the link between
awareness and behavior varies across behaviors suggests that more studies are needed on
additional sustainable behaviors (e.g. conservation of energy).
This study was also limited in its lack of detail regarding educational awareness, which
could explain why the factor was not found to facilitate changes in either of the two
sustainable behaviors examined. The amount and type of information conveyed during a
course regarding sustainability may be a factor that could inﬂuence whether this form of
awareness could impact sustainable behaviors over time. Future studies are needed to
understand what types of coursework and content covered in an educational setting can
facilitate changes in speciﬁc sustainable behaviors. Further, the inclusion of a measure on
sustainability literacy and examining links between this concept and behaviors would also
help address this need. Such ﬁndings would be directly translatable to other community
settings and provide guidance on types and content of community educational efforts
focused on sustainability.
Future studies are also needed to better understand the role of engagement in sustainability
activities and events. The range of activities included in this study comprised both active and
passive opportunities for engaging in sustainability on campus. Differentiating between these
types of events could provide further guidance on which types of engagement opportunities are
most effective at facilitating and sustaining behavior change.
This study’s ﬁndings that awareness did not lead to changes in sustainable travel/
transportation behavior suggests that this behavior is likely inﬂuenced by external factors.
In the University of Michigan context, while all students can partake in sustainable wasteprevention behaviors, sustainable travel/transportation behaviors are likely inﬂuenced by
where people live, which in turn can be driven by housing costs, availably, etc. As such,
future studies should further assess socio-economic factors that may hinder or facilitate
sustainable behavior.
Given that this study is a single university case study, future studies are needed to
replicate ﬁnding in contexts beyond the University of Michigan. Additionally, studies are
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needed to better understand how multiple overlapping contexts (e.g. campus, local, state,
national, international) inform and inﬂuence sustainable behavior.
While this study’s ﬁndings contribute to a growing literature, it is important to note that
the results and conclusions drawn are based on self-reported survey data. Use of selfreported survey data, while common in studies of human behavior given usefulness to help
understand intent (Barr, 2007; De Groot and Steg, 2009), may be subject to response bias.
Speciﬁcally, individuals may tend to over-report their sustainable behavior given its social
desirability. While this may result in slightly inﬂated descriptive statistics, it is not likely to
alter associations between the variables examined in this study. Future studies are needed to
compare self-reported vs observational measures of sustainable behavior to better
understand how social desirability may be impacting studies and reports of sustainable
behavior.
Conclusion
Using the University of Michigan as a case study, this study contributes to a growing literature
focused on how to promote and facilitate changes in sustainable behavior on university
campuses. This study found that the ability of awareness to inﬂuence sustainable behaviors is
behavior speciﬁc. The ﬁnding that the awareness–behavior link varies by behavior highlights
the importance of not taking a one size ﬁts all approach to inﬂuence sustainable behaviors.
This study’s ﬁndings also suggest that allocating resources toward awareness will have a
greater impact on waste prevention compared to travel/transportation behaviors. Consistent
with previous research this study did not ﬁnd a signiﬁcant link between sustainable travel/
transportation awareness and behavior, and highlights the role of barriers in facilitating this
behavior. Regarding the conditioning role of engagement, this study had mixed ﬁndings. While
engagement was found to moderate the awareness–behavior link for travel/transportation, the
direction of the ﬁnding suggests other factors are more salient at predicting this behavior.
While this study and its ﬁndings are unique to the University of Michigan, it serves as a case
study that highlights how to promote speciﬁc sustainable behaviors efﬁciently. This can help
facilitate the efﬁcient allocation of university resources. Thus, the lessons learned from this
campus setting have implications for other university campuses as well as other non-university
communities such as cities and corporate campuses.
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Appendix

Index

Items

Waste-prevention
awareness (2012 &
2015)

How much do you know about the following at
U-M? (1) Recycling glass, (2) recycling plastic, (3)
recycling paper, (4) recycling electronic waste (i.e.
computers, cell phones), (5) property-disposition
services
Travel/transportation How much do you know about the following? (1)
Awareness (2012 &
Bus, AAATA/“The Ride” (Ann Arbor Area
2015)
Transportation Authority schedules, routes, etc.),
(2) bus, U-M, (3) biking in Ann Arbor (bike lanes,
rules of the road, etc.), (4) renting a car by the hour
(e.g. Zipcar)
Engagement (2015)
Have you ever participated in any of the following
at U-M? (1) RecycleMania, (2) Kill-a-Watt,
Earthfest, (3) Zero Waste Events, e-Waste
Recycling Event, (4) Planet Blue Ambassadors
Program, (5)M Farmers Markets, (6) A U-M
organization dealing with sustainability
Coursework (2012 &
Have you ever participated in any of the following
2015)
at U-M? A U-M course that addressed
sustainability?
Waste-prevention
During the past year, how often did you do the
behavior (2012 &
following when you had the opportunity? (1) Print
2015)
double-sided, (2) recycle bottles, containers, and
paper products, (3) use a reusable water bottle,
coffee cup, travel mug, etc., (4) use property
disposition
Travel/transportation Since the start of the fall semester, how do you
Behavior (2012 &
most often travel to and from campus? (1) Drive a
2015)
car, (2) park and ride (the bus), (3) walk, (4) bike,
(5) ride the bus, (6) ride the bus and bike, (7) ride
share (i.e. van/car pool, dropped off, etc.), (8)
motorcycle, moped or scooter, (9) other (please
specify)

Table AI.
Summary of
measures

Response options
A lot, A fair amount, A little,
Not much/nothing

A lot, A fair amount, A little,
Not much/nothing

Yes, No

Yes, No
Always/most of the time,
Sometimes, Rarely, Never, Not
applicable

Select one option

Note: Information on the complete questionnaire administered through the University of Michigan
Sustainability Cultural Indicators Program (SCIP) website located here: http://graham.umich.edu/campus/
scip/materials#questionnaires
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